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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 ISO technical committees. Each member body interested in a subject for which a technical com-
mittee 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. 1SO collaborates
closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical stan-
dardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Stan-
dards adopted by the technical committees are circulated to the member bodies for voting. Publication
as an International Standard requires approval by at least 75% of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this part of ISO 10303 may be the
subject of patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10303-108was preparedby Technical CommitteelSO/TC184,Industrial automationsystems
and integration, Subcommitte SC4 Industrid data.

ISO 10303consistsof a seriesof parts,underthe generattitle Industrial automationsystemsand inte-
gration — Product data representation and exchanfee structure of ISO 10303 is described in ISO
10303-1.

Each part of ISO 10303 is a member of one of the following series: description methods, implementa-
tion methods, conformance testing methodology and framework, integrated generic resources, integrated
application resources, application protocols, abstract test suites, application interpreted constructs, and
application modules. This part is a member of the integrated application resources series. The inte-
grated generic resources and the integrated application resources specify a single conceptual product
data model.

A complete list of parts of ISO 10303 is available from the Internet:

<http://www.tc 184-sc4.org/titles/>
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Introduction

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

This part of ISO 10303 is a member of the integrated resources series. Major subdivisions of this part of
ISO 10303 are:

— Parameterization schema;

— Explicit constraint schema;

— Variational representation schema;
— Explicit geometric constraint schema;

— Sketch schema.

This part of ISO 10303 provides representations of parameters and constraint relationships for use in
models exchanged using ISO 10303, and specifies mechanisms for the association of such elements with
other elements of the models in which they apply. Parameters and constraints are used in CAD systems
to indicate, respectively, variant and invariant characteristics of a model under editing operations. This
part of ISO 10303 also specifies representationsketchestwo-dimensional geometric configurations,
possibly including parameters and constraints, that are often used by CAD systems as basic elements in
constructional operations.

Models with explicitly represented parameterization and constraints are descrimedthtisnal. The

schemas provided are intended in the first instance to supplement the 1ISO 10303 integrated generic
resources to allow the representation of product shape models enhanced with variational information.
However, the basic mechanisms provided in the first three schemas can be used for representing parame-
terization and constraints in the context of any ISO 10303 model, whether of a product, a plan, a process
or an organization.

Other resource parts of ISO 10303 provide capabilities for the representation and exchange of models
having no associated variational information. That information, if present in the originating system,
affects the behaviour of a model under editing operations there; it forms an important part of what is
sometimes referred to aesign intent The use of this part of ISO 10303 for its capture and transfer
potentially allows the reconstruction of key elements of design intent in a receiving system. The trans-
ferred variational information asserts relationships that already exist in the exchanged model; its purpose
is to initiate processes in the receiving system that will ensure that those relationships are maintained if
the model is modified there. This will assist in the efficient modification of the exchanged model in the
receiving system, through the use of the original designer’'s scheme of parameterization and constraints.
Such modification of models transferred using ISO 10303 has proved to be difficult or impossible in the
absence of design intent information.

EXAMPLE It may be desired to optimize the model in the receiving system for structural integrity, or to modify
it to make it cheaper to manufacture.

This part of ISO 10303 is intended to interoperate with other closely related parts, notably ISO 10303-55,
which defines procedural and hybrid representations, specified in terms of the constructional operations
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used in building a model. The primary forms of shape representation used by many modern CAD systems

are of these types. 1SO 10303-108 (this document) and ISO 10303-55 between them provide for the

capture of the two major aspects of design intent. Procedural representations are outside the normative
scope of the present document, but annex F provides some discussion of the role of parameterization
and constraints in procedural and hybrid representations, and of the interplay between the explicit and

procedural approaches to shape modelling.

A further aspect of modern CAD systems is their provision of feature-based design methods. This
part of ISO 10303 does not address the topic of features, though it provides essential resources for the
positioning and orientation of features in CAD models.

Three books providing further background on the topics covered by this part of ISO 10303 are given in
the Bibliography [3,4,6].

The contents of the schemas making up this part of ISO 10303 are as follows:

parameterization_.schema: Mechanisms for associating parameters with variable quantities in an
instantiated EXPRESS model,

explicit_constraint_schema: Definitions of generic constraint relationships between elements of
an instantiated EXPRESS model;

variational _representation. schema: Specification of the relationship between parameter and con-
straint information and the non-variational model with which it is associated;

explicit_geometric.constraint_schema: Specialization of thexplicit_constraint_schemafor the
representation of commonly used geometric constraints (such as parallelism or tangency) between
explicitly represented elements of geometric models;

sketch.schema: Means for the representation of two-dimensional sketches, which may contain
variational elements, for use as basic elements in shape modelling operations.

The relationships of the schemas in this part of ISO 10303 to other schemas that define the integrated
resources of ISO 10303 are illustrated in Figure 1 using the EXPRESS-G notation. EXPRESS-G is
defined in annex D of ISO 10303-11. The internal relationships among ISO 10303-108 schemas are
shown in Figure 2. The schemas occurring in Figure 1 are (with two exceptions that form part of ISO
13584) components of ISO 10303 integrated resources, and they are specified in the following resource

parts:
measure schema ISO 10303-41
product _property _representation schema [SO 10303-41
support _resource _schema ISO 10303-41
geometric _model _schema ISO 10303-42
geometry _schema ISO 10303-42
topology _schema ISO 10303-42
representation _schema ISO 10303-43
mathematical _functions _schema ISO 10303-50
ISO13584 _generic _expressions _schema ISO 13584-20
1ISO13584 _expressions _schema ISO 13584-20
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INTERNATIONAL STANDARD ISO 10303-108:208(E)

|ndustrial automation systemsand integration —
Product data representation and exchange —

Part 108:
| ntegrated application resource: Parameterization and
constraintsfor explicit geometric product models

1 Scope

This part of ISO 10303 specifies the resource constructs for the representation of model parameters
and constraints, together with the mechanisms necessary for associating them with geometric or other
elements of transferred models. The use of these capabilities potentially allows certain aspects of the
behaviour of a model in its originating system to be conveyed together with the basic model itself. The
intention in transferring this additional information is to provide the receiving system with data that will
enable it to reconstruct corresponding behavioural characteristics in the model following the transfer.
Ideally, this will enable the model to be edited in the receiving system just as as though it had been
created there. That would not be possible without the exchange of what is knalesigs intent
information. This part of ISO 10303 enables the capture and transfer of an important aspect of design
intent.

Clause 4 defines a means for the association of model parameters with individual quantities in the model,
to provide for the editing of dimensional values and other variable attributes. Clause 5 provides for the
modelling of constraint relationships in terms of mathematical relationships among model parameters.
Such constraints are not restricted to the modelling of product shape; they are designed to be applicable
in any situation where it may be useful to capture and transfer mathematically specified relationships.
Clause 5 also defines a class of descriptive (non-mathematical) constraints. Clause 6vheiatesal
representationcontaining a model together with all the associated parameters and constraints that poten-
tially facilitate its effective editing following a transfer. Clause 7 defines specialized representations for a
set of explicit geometric constraints applicable specifically to elements of shape models of the boundary
representation and closely related types. These are subtypes of the descriptive constraints specified in
clause 5. Finally, clause 8 provides representations for two-dimensional sketches, which form the basis
of many shape construction methods in CAD modelling. Sketches are an important application area for
the parameterization and constraint information defined in earlier clauses. The capabilities provided in
this schema may also be used as a basis for the representation of parameterized drawings.

The following are within the scope of this part of ISO 10303:

— Parameterization of models through the association of variables with quantities occurring in them;
— Constraints defining mathematical relationships between parameters;

— Constraints on models expressed as relationships between their constituent elements or attributes of
those elements;

— Association of parameters and constraints with models aefresentationlevel, to create varia-
tional models of products, plans, processes or organizations;
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— Specific representations for the geometric constraints commonly used in product shape modelling;

— Applications of parameterization and constraints to two- and three-dimensional shape models, in
particular two-dimensional geometric sketches;

— Representation of models that are incompletely defined in the sense that certain values in the model
may be regarded as not fully constrained.

NOTE 1 The scopes of the individual schemas comprising this part of ISO 10303 are specified in more detail in
clauses 1.1 - 1.5.

The following are outside the scope of this part of ISO 10303:

— Procedural or history-based model representations, expressed in terms of sequences of construc-
tional operations;

NOTE 2 Procedural or history-based representations are the subject of ISO 10303-55.

— Implicit or procedurally defined constraints;

— Solution methods for systems of constraint equations;

— Form features of shape models;

— Behaviour of a system in which a variational model is edited following a transfer;

NOTE 3 The information transmitted by the use of this part of ISO 10303 is intended to allow implementers to
provide ‘reasonable’ or ‘intuitive’ behaviour by their systems in the circumstances mentioned, but this document
does not prescribe the detailed nature of such behaviour or of its presentation to the system user.

— Considerations of accuracy in constraint satisfaction.

NOTE 4 Such considerations are essentially the same in this context as those arising in the geometric modelling
of product shape. Limited general means are provided elsewhere in ISO 10303 for addressing accuracy issues.

Clauses 4, 5 and 6 of this part of ISO 10303 are applicable to any representation specified using the

EXPRESS language defined in ISO 10303-11. The capabilities provided in those three schemas allow the
association of parameters with attributes of entity data type instances and the specification of constraint
relationships between such attributes in instantiated EXPRESS representations in general. These may
include models of products, plans, processes or organizations, for example. Clauses 7 and 8 of this
part of ISO 10303 are applicable more specifically to shape representations associated with discrete
products. They provide additional specialization for the association of parameterization and constraints

with geometric elements. The scopes of the individual clauses are given in more detail below.

1.1 Parameterization schema

The following are within the scope of the parameterization schema:

— The representation of variable parameters in an ISO 10303 model,

— The association of such variable parameters with quantities in an ISO 10303 model expressed as
values of attributes of entity data type instances in a populated schema;
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— The specification of allowable domains for model parameters;

— The specification of entity data type instance attribute values that are required to be fixed, i.e., whose
allowable domains are each restricted to a single value. The intention is that these values should not
be modified in a receiving system following a transfer.

NOTE 1 The last provision allows, in particular, for dimensional values to be fixed in appropriate cases.

NOTE 2 The presence of parameters in a model, and of specified relationships between parameters, indicate
possibilities for changes that are permissible after a model transfer. This preserves part of the intention of the
model’s creator, as expressed by the parameterization imposed on the model in the originating system.

1.2 Explicit constraint schema

The following are within the scope of the explicit constraint schema:

— Specification of constraint relationships between constituent elements in a model, expressing the
intention that these relationships should be preserved on modification of the model following an
ISO 10303 transfer;

— Constraint relationships of the following specific types:

a) Free-form constraints enabling the capture and transmission of explicitly defined mathematical
relationships between quantities in a model;

b) Defined constraints, for the representation of relationships defined descriptively, with implied
mathematical semantics;

NOTE A constraint imposed in an originating system typically encapsulates requirements for the preservation
of specific aspects of the functionality or validity of the modelled object. The transmission of such constraint
information in a model exchange is intended to enable these requirements to be maintained during any subsequent
modification of the model in the receiving system.

— Specification of sets of constraints that are required to hold simultaneously in the model.
The following are outside the scope of the explicit constraint schema:

— The actual representation of mathematical expressions, functions or procedures (such representa-
tions are provided elsewhere in ISO 10303);

— Solution methods for systems of constraint equations;
— Sequential application of constraints;

— Implicit or procedurally defined constraints.
1.3 Variational representation schema
The following are within the scope of the variational representation schema:

— Characterization of parameterization and constraint informatigaraionat
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— Specification of the relationship between variational information and the explicit model with which
it is associated;

— Specification of auxiliary geometric elements for use in defining variational relationships.

1.4 Explicit geometric constraint schema

The following are within the scope of the explicit geometric constraint schema:

— Explicit geometric constraints as descriptive relationships between points, curves and surfaces in a
product shape model, both in two and in three dimensions.

NOTE CAD systems provide two-dimensional constraints for use in defining planar profiles that are extruded or
rotated to generate volumes. Such volumes are often used to provide the basic forms for protrusions or depressions
in a shape model. Three-dimensional constraints play an important role in the definition of inter-feature geometric
relationships in part models and inter-part geometric relationships in assembly models.

15 Sketch schema
The following are within the scope of the sketch schema:

— Sketches as planar geometric constructs for use in the generation of surfaces and solids by means
of sweep operations and other operations of related types;

— Neutral sketches, defined in general two-dimensional coordinate systems;

— Positioned sketches, defined in three-dimensional model space;

— Relationships between neutral sketches and positioned sketches defined by mappings;
— The use of parameters and constraints to define variational sketches;

— Subsketches as partial sketches subject to special treatment;

— Geometric elements imported into the plane of a sketch but defined in terms of other model elements
lying outside that plane, used for constraining sketch elements with respect to external geometry.

EXAMPLE An example of an imported curve is a curve defined by projecting an external curve onto the plane
of a sketch. Sketch elements may be constrained with respect to imported elements lying in the same plane.

NOTE The entities defined in this schema are also suitable for the representation of parametric drawings. The
generation of such drawings (for example, by projection from a three-dimensional CAD model) will require spe-
cialized system capabilities to handle the graphical aspects, the relationships between component models and as-
sembly models, etc. However, the actual representational requirements of a sketch and of a parameterized drawing
are very similar.

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

1ISO1030341, Industrial automationsystemsindintegration— Productdatarepresentatiorandexchange
— Part 1: Overview and fundamental principles.

ISO10303-1, Industrial automationsystemsand integration— Productdata representatiorand ex-
change — Part 11: Description methods: The EXPRESS language reference manual.

ISO 10303-21)ndustrial automation systems and integration — Product data representation and ex-
change — Part 21: Implementation methods: Clear text encoding of the exchange structure.

ISO 10303-41)ndustrial automation systems and integration — Product data representation and ex-
change — Part 41: Integrated generic resource: Fundamentals of product description and support.

ISO 10303-42|ndustrial automation systems and integration — Product data representation and ex-
change — Part 42: Integrated generic resource: Geometric and topological representation.

ISO 10303-43)ndustrial automation systems and integration — Product data representation and ex-
change — Part 43: Integrated generic resource: Representation structures.

ISO 10303-50/ndustrial automation systems and integration — Product data representation and ex-
change — Part 50: Integrated generic resource: Mathematical constructs.

ISO 10303-55:-1, Industrial automation systems and integration — Product data representation and
exchange — Part 55: Integrated generic resource: Procedural and hybrid representation.

ISO 13584-20)ndustrial automation systems and integration — Parts library — Part 20: Logical re-
source: Logical model of expressions.

3 Terms, definitions and abbreviations
3.1 Terms defined in ISO 10303-1

For the purposs of this document, the foll owing terms defined in ISO 1030341 appl.
— application;

— application context;

— application protocol (AP);

— assembly;

— component;

— data exchange;

— exchange structure;

9To be published
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— implementation method;
— integrated resource (IR);
— product;

— product data;

— Structure.

3.2 Terms defined in ISO 10303-11

For the purposs of this document, the foll owing terms defined in ISO 10303-11 apply.
— entity;

— entity data type;

— entity (data type) instance;

— instance;

— value.

3.3 Terms defined in ISO 10303-42

For the purposs of this document, the foll owing terms definad in ISO 10303-2 apply.

— boundary representation solid model (B-rep);
— constructive solid geometry (CSG);

— coordinate space;

— curve;

— dimensionality;

— geometrically founded;

— model space;

— surface.

34 Terms defined in ISO 10303-43

For the purposs of this document, the foll owing terms defined in ISO 10303-8 apply.

— context of representation;

— element of representation;

— representation.
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3.5 Terms defined in ISO 10303-50

For the purposs of this document, the foll owing terms definad in ISO 10303-® apply.
— expression;

— function;

— function domain;

— variable.

3.6 Terms defined in ISO 13584-20

For the purposs of this document, the following terms definad in ISO 13584-2 apply. In all
cases the context is that of a mathematical variable.

— environment;
— semantics;

— syntactic representation.

3.7 Other terms and definitions

For the purposs of this document, the foll owing definitions apply. Where synayms are giventhe first
tem listed is the one preferrel for use in the remainde of the document.

3.7.1

auxiliary geometry

geometric elements such as centre-lines and centre-planes used for locational or tolerancing purposes,
but excluding geometry used in the actual representation of a product shape

3.7.2

constrained elements

model elements that are controlled by a constraint if the model is edited following transfer into another
system

3.7.3

constraint

relationship between two or more elements in a model, which should be maintained in any modifications
made subsequent to a model transfer

3.74

constraint solution

solution of a system of one or more constraint relationships expressed as mathematical equations or
inequalities

NOTE Geometric constraint systems are often nonlinear, possessing multiple constraint solutions. The user may
have to choose one of them to obtain a unique design.
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3.75

constraint solver

software system for solving sets of equations that are mathematical representations of constraint rela-
tionships

NOTE 1 Methods used by constraint solvers for determining solutions are outside the scope of this part of ISO
10303.

NOTE 2 In straightforward cases a constraint set will have the same number of unknowns as equations. Ideally,
however, a constraint solver should also handle underconstrained and overconstrained constraint sets having, re-
spectively, more unknowns and less unknowns than the number of equations. The specification of system response
in such cases is also outside the scope of this part of ISO 10303, but it could include the generation of diagnostic
information or of partial solutions as appropriate.

3.7.6
construction geometry
igeometry used as an aid in the construction of a shape that is not an element of the shape itself

EXAMPLE This concept may be illustrated by the case of a ‘spine’ curve used in the generation of certain types
of swept surfaces. A planar generating curve is defined, together with a reference point lying in its plane. The
reference point is then swept along the spine curve, the plane of the generating curve being maintained normal to
it. The generating curve sweeps out the desired surface. If the reference point does not lie on the generating curve
the spine curve does not lie on the generated surface, and it is therefore classified as construction geometry.

3.7.7

current result

representative member of the family of models defined by a parametric model resulting from the assign-
ment of their current values to all parameters

NOTE 1 Inthe shape modelling context a current result may be an explicit model such as a wireframe, surface
or boundary representation solid model. Alternatively, it may be a procedural or hybrid model in which the values
of all parameters are regarded as fixed.

NOTE 2 Use of an explicit current result will be essential in the exchange of procedural or history-based models,
though that is outside the scope of this part of ISO 10303. In that case the current result will be transmitted as a
secondary model of the boundary representation or some closely related type, and used to check the accuracy of
the result of re-evaluating a transmitted procedural model in the receiving system.

NOTE 3 In the context of this part of ISO 10303, the current result may indicate which choice of solution was
made in the sending system in the case of multiple constraint solutions.

3.7.8

current value

specific value associated with a variable or parameter in a parameterized model, the value associated
with the corresponding current result model

3.7.9

defined constraint

constraint whose semantics are assumed to be understood by both the sending and receiving system so
that its mathematical details do not need to be transmitted explicitly

NOTE Collections of defined constraints may be created for use in specific application areas. The explicit
geometric constraints specified in clause 7 of this part of ISO 10303 are examples of defined constraints whose
application area is shape modelling. They all define constraint relationships descriptively rather than algebraically.
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3.7.10
design intent
intentions of the designer of a model with regard to how it may be instantiated or modified

NOTE The aspects of design intent relevant to this part of ISO10303 are concerned with the information repre-
sented in the parameters and constraints associated with a model. More generally, design intent also includes the
procedural or construction history of a model, which is the subject of ISO 10303-55. All aspects of design intent
influence the behaviour of a model under editing operations.

3.7.11
dimensional constraint
constraint on the value of a dimension in a shape model

NOTE There is a semantic difference betweatirmensiorand adimensional constraintA dimension specifies

a fixed quantitative relationship between elements in a shape model. It captures a static characteristic of the model,
and has no behavioural semantics. A dimensional constraint also specifies a quantitative relationship between
model elements, in this case not necessarily a fixed one, with the additional significanaesthagical relation-

ship underlying the dimensional relationship should be maintained if the model is modified in the receiving system.
A dimensional constraint may specify a numerical value, or a mathematical relationship from which a numerical
value may be calculated.

EXAMPLE In two dimensions, the specification of a distance between two lines only makes sense if the lines
are parallel. If this distance is formulated as a dimensional constraint, then any change in the value of the distance
requires that the underlying logical relationship of parallelism between the lines is maintained.

3.7.12

directed constraint; asymmetrical constraint

constraint defined with respect to one or more reference elements, which are not changed by the action
of the constraint if it is invoked during the modification of a model

NOTE Following a model transfer, a directed constraint only allows the constrained elements to be modified in
such a way that their specified relationship to the reference elements is maintained. On the other hand, modification
of one or more reference elements (framtsidethe context of the constraint concerned) will lead to compatible
changes in all the constrained elements it controls.

EXAMPLE 1 Suppose that Line 2 is constrained to be parallel to the reference element Line 1. However, Line
1 may be a constrained element in some other constraint. If the action of the second constraint causes a change in
the direction of Line 1 then the first constraint should ensure that Line 2 changes correspondingly.

EXAMPLE 2 The undirectedconstraint corresponding to the first of the constraints in the previous example
would simply assert that “Line 1 and Line 2 are parallel”.

3.7.13

element

in the context of this part of ISO 10303, an instance of a geometric entity data type that participates in a
model or is involved in a constraint instance

3.7.14

explicit constraint; declarative constraint

a relationship between specific entity data type instances defined by a constraint instance in a populated
EXPRESS schema

NOTE The constraint relationship may belafinedone, whose semantics are specified descriptively, or it may
be afree-formone specified in terms of a mathematical equation or inequality.
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3.7.15

explicit geometric constraint

specialized explicit constraint relating geometrical or topological elements occurring in a shape model,
or auxiliary geometric elements associated with that model

NOTE Examples of explicit geometric constraints include relationships between geometric elements of a model,
such as parallelism or tangency.

3.7.16
explicit model; declarative model; evaluated model
model whose full details are immediately available without the need for any form of calculation

NOTE In the case of product shape models, an expliciefaluated shape model is a fully detailed model of
the boundary representation or some related type, as defined in ISO 10303-42. More specifically, an explicit model
is a model that is not of the procedural or hybrid type, which may contain little or no explicit geometry.

3.7.17

feature

local geometric configuration belonging to a product shape description, having significance in some
application context associated with the product model

3.7.18

free-form constraint

constraint formulated by a system user for some specific purpose, expressed in terms of an explicit
mathematical relationship between parameters

NOTE A free form constraint needs to be defined for any relationship not covered by the defined constraints
provided in applicable EXPRESS schemas.

3.7.19
hybrid model
model combining the use of both explicit and procedural representation methods

3.7.20

implicit constraint; procedural constraint

constraint that is not explicitly represented but is inherent in the action of some constructional operation
used in building a model

NOTE 1 An implicit constraint will be realized as a static relationship in the current result after the operation has
been performed, but not generally recorded in the model as a corresponding explicit constraint.

EXAMPLE A hypothetical procedurecteate parallel _line’ could be used in a procedural description of a model

in two dimensions. Its input is Line 1 (assumed to exist before the procedure is used) and a distance. The output
is Line 2, created by the procedure at the specified distance from Line 1. However, since Line 2 does not exist
until after the procedure has been invoked (i.e., the model has been at least paviiddigted the constraint is not

explicit in the model defined purely in terms of the constructional procedure. It is merely implied by the nature of
the procedure.

NOTE 2 Although implicit constraints are out of scope of this part of ISO 10303, they are defined here to make
an important distinction between two fundamental approaches to constraint representation. The present resource is
intended to be compatible with other resources for the exchange of procedurally defined models containing implicit
constraints.
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3.7.21

imported geometry

points and curves imported into the plane of a two-dimensional sketch (see the defirgkettl)f but
defined in terms of elements external to the sketch

EXAMPLE Examples of imported geometry are provided by projections of external points or curves onto the
plane of a sketch. These elements are not subject to editing within the context of the sketch, since their defining
elements lie outside it. Their purpose is to serve as reference elements for constraints on the sketch geometry.

NOTE This definition applies only in the restricted context of this part of ISO 10303; the concept of imported
geometry may have a wider meaning in other application areas.

3.7.22
incidence
inclusion of one point set in another

NOTE In the context of thexplicit_geometric constraint_schema(see clause 7 of this part of ISO 10303) the
points sets are points, curves and surfaces. An incidence constraint may, for example, require a line to lie on a
surface, or a curve to pass through a set of points.

3.7.23
logical constraint
constraint involving no dimensional value

NOTE Logical geometric constraints include the assertion of such conditions as parallelism, perpendlculanty
and tangency. By contrast, dimensional constraints have associated numerical values.

3.7.24
model parameter
explicitly represented variable associated with some quantity in a model

NOTE 1 Assignment of different values to model parameters generates different members of a family of models.
Model parameters therefore express design freedom in a model, according to the parameterization scheme imposed
by its creator. Limitations may be defined on the allowable ranges of model parameters.

EXAMPLE The dimensions of a generic block may be represented by model paranigtierggth), W (width)

and H (height). Individual members of the family of blocks are specified by assigning numerical values to the
three parameters independently. Alternatively, relationships may be defined between the model parameters, such
asL = 2W,H = 0.5W, to restrict the size of the family and define it in terms of the single independent model
parameteiV .

NOTE 2 Distinction must be made between the use of the vpaihmeter in this part of ISO 10303, in ISO
10303-11, in ISO 10303-42 and in ISO 10303-50. In ISO 10303-11 a parameter is used for the formal represen-
tation of an input to, or output from, a function or procedure defined in an EXPRESS schema. In ISO 10303-42
a parameter is a variable used to identify the position of a point on a curve or a surface, so that the parameter
may be thought of as an input to a function whose output is a coordinate value. In ISO 10303-50 a parameter
is defined as ‘a free variable in an expression’. In this part of ISO 10303 thertevdel parameteris used for

a variable that controls dimensions or other gross characteristics of a model, for example the overall shape of a
product model. A model parameter may be thought of as an input to a procedure, in this case a procedure that
computes one instance of a family of shape models. It is unfortunate that the word ‘parameter’ is in widespread
current use for such a variety of purposes. Although at a broad conceptual level the usages within ISO 10303 are
similar, there are significant differences in such matters as the way the functions or procedures are defined and in
the scope of parameters in a model.
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3.7.25
overconstrained
defined in terms of more constraints than are needed to determine a constraint solution

NOTE In an overconstrained model, one or more of the constraints will be either redundant (i.e., consistent with
all the others but not further limiting possible solutions) or inconsistent (i.e., not compatible with the others). An
inconsistent constraint system has no solution. A designer may intentionally create redundant constraints in a
model, but then care is necessary when editing the model to avoid introducing inconsistency.

3.7.26

parameter

model parameter (in the context of this part of ISO 10303 — see the definitimodd| parameter
given earlier)

3.7.27
point set
set of points in space

NOTE The point set concept permits a unified abstract view of shape elements; for example, a line may be
regarded as an infinite set of points all satisfying a specified relationship to each other, and curves and surfaces
may be viewed in a similar manner.

3.7.28

procedural model; generative model; history-based model

model described in terms of the operation of a sequence of procedures (which may include the solution
of constraint sets), as opposed to an explicit or evaluated model which captures the end result of applying
those procedures

NOTE Although procedural models are outside the scope of this part of ISO 10303, they are defined here to
make an important distinction between two fundamentally different modelling approaches. The present resource
is intended to be compatible with ISO 10303-55, which provides representations for the exchange of procedurally
defined models.

3.7.29
reference element
model element to which constrained elements are related by a directed constraint

3.7.30
sketch
two-dimensional geometric construct used as input to certain three-dimensional modelling operations

NOTE 1 A sketch is made up of point and curve elements, which may be related by explicit constraints. Its
elements may also be constrained with respedtrtported geometry (see clause 3.7.21), which is invariant
within the plane of the sketch. An example of a sketch is provided in annex F.

NOTE 2 The definition given above is restricted to the context of CAD operations, but the representations pro-
vided for sketches in this part of ISO 10303 are also suitable for the capture of parameterized drawings.

3.7.31

underconstrained

containing insufficiently many constraints to allow the determination of a specific constraint solution for
a model
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NOTE Essentially, one or more degrees of freedom still remain in an underconstrained model. This is a natural
situation in the early stages of design where some decisions have been made and embodied in constraints, but not
others. This part of ISO 10303 is designed to allow the exchange of underconstrained models (together with a
current result as a representative example). The remaining flexibility may then be used in the receiving system,
following a model exchange, to optimize the model for its intended purpose.

EXAMPLE The designer may create a design that (although fully constrained to meet functional requirements)
leaves certain detail shape elements underconstrained. A manufacturing engineer can then use the remaining
degrees of freedom to derive a final evaluated model by incorporating manufacturing constraints to minimize
production costs.

3.7.32

undirected constraint; symmetrical constraint

constraint having no reference element, requiring the constrained condition to hold amongst all pairs of
members of a set of constrained elements

NOTE 1 This term should not be confused wiiimmetry_geometric constraint, which is a specific type of
geometric constraint defined in clause 7.4.25.

3.7.33

unevaluated model

procedural model, hybrid model containing both explicit and procedural elements, or model containing
constraint sets that have not yet been solved

3.7.34

variational

defined in terms of explicitly specified parameters and constraints, allowing variation by change of pa-
rameter values, subject to continued satisfaction of imposed constraints

EXAMPLE Consider a configuration of two distinct lines through a given fixed point, both tangent to a circle
with a fixed centre, and suppose that a parameter is associated with the radius of the circle. The constraints in this
configuration (apart from the invariance of the two fixed points) are

a) therequirementthat both lines pass through the given point;
b) the requirement that both lines are tangent to the circle.

If now the radius of the circle is changed by varying the parameter value, a new configuration should result in
which the circle and the two lines are all different from the originals but the constraints continue to be satisfied.
This is an example of a variational configuration.

3.7.35

well constrained

defined in terms of a set of constraints that are both necessary and sufficient to allow the determination
of a unique constraint solution

NOTE In the ideal situation, only one solution satisfies all the constraints. In practice multiple solutions often
arise. In an 1SO 10303 model transfer using the capabilities defined in this document, the current result may often
be used to determine which solutions were chosen by the original designer. For example, in two dimensions the
constraint “Line 2 is parallel to Line 1 at distance 3” has two solutions; Line 2 may lie 3 units either to the left or the
right of Line 1. The choice of solution actually made in the sending system will be evident from the current model.
Another method which can be used to distinguish chosen solutions of multi-solution constraints or constraint sets
is the specification of ‘near-points’. These may be used, for example, to indicate the approximate desired location
of a point of tangency. Several of the explicit geometric constraints defined in clause 7 of this part of ISO 10303
provide for the specification of near-points.
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3.8 Abbreviations

AP application protocol (of ISO 10303)

B-rep boundary representation

CAD computer aided design

CSG constructive solid geometry

IR integrated resource (of ISO 10303)
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4 Parameterization
4.1 Introduction

The following EXPRESS declaration begins the parameterization schema and identifies the necessary
external references.

EXPRESS specification

")

SCHEMA parameterization_schema;

REFERENCE FROM support_resource_schema -- 1SO 10303-41
(identifier,
label,
text);

REFERENCE FROM representation_schema -- ISO 10303-43

(representation_item,
using_representations);

REFERENCE FROM mathematical functions_schema -- 1SO 10303-50
(finite_space,
maths_number,
maths_value,
maths_variable,
member_of,
positive_integer);

REFERENCE FROM variational_representation_schema  -- ISO 10303-108
(variational_representation_item);

REFERENCE FROM 1S013584 generic_expressions_schema -- ISO 13584-20
(environment,
generic_variable,
variable_semantics);

(*

NOTE 1 The schemas referenced above can be found in the following parts of ISO 10303 and ISO 13584:

support _resource _schema ISO 10303-41
representation _schema ISO 10303-43
mathematical _functions _schema ISO 10303-50
variational _representation _schema Clause 6 of this part of ISO 10303

ISO13584 _generic _expressions _schema 1SO 13584-20
NOTE 2 See annex D, Figure D.1 — D.2, for a graphical presentation of this schema.
4.2 Fundamental concepts and assumptions

This schema provides representation methods for the following:

— Variables, represented by instances of the entity data lypesl_modelLparameter or unbound_-
modelparameter, expressing variation or design freedom in a representation or model,
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— A means for binding @ound_model parameter instance to an attribute of another entity data type
instance in the sanrepresentatior

— Domains of validity for instances dbund_modelparameter andunbound_model parameter,

— A means for fixing the values of attributes of specific entity data type instances in a model, equiva-
lent to the use abound_model parameter instances with constant associated values.

These resource constructs are of general utility in the exchange and sharing of ISO 10303 models em-
bodying

— the capalbility for variation of attribute values in a model following an exchange;

— the capture and transfer of constraint relationships defined in terms of mathematical expressions,
functions or procedures. Specifically, model parameters can participate in instafneedarin _-
constraint as defined in clause 5.

Clause 6.3.1 of this part of ISO 10303 definasiational _representationitem as a subtype of the ISO
10303-43 entity data typepresentationitem. Model parameters are defined as subtypegdh-

tional _representation.item, which is the supertype of all entity data types used to express the variational
aspects of models with explicit parameterization and constraints. The tygeregentationin which

they participate is sariational _representation as defined in clause 6.3.3.

4.2.1 Model parameters

An abstract entity data typmodelparameter is provided, with two instantiable subtypdmund._-
modelparameter and unbound_modelLparameter. These allow for the capture and transmission of
permitted aspects of model variation that can be exploited in a receiving systéround_modelL-
parameter is bound to an attribute of an entity data type instance in an ISO 10303 model, in which case
it provides a syntactic representation of the value of that attribute, for example a dimensional value. By
contrast, amnbound_model parameter is not directly associated with any model attribute. Either kind

of modelparameter may be used in mathematical relationships defined in free-form constraints. The
current value of anodelLparameter is specified by one of its attributes; in the bound case the value of
this attribute is required by an informal proposition to be the same as the value of the attribute to which
it is bound.

The entity data typenodelparameter is defined as a subtype wdriational _representation.item, and

the scope of its instantiable subtypes is therefore defined by those instanagatmial _representa-

tion in which they participate. It is also a subtype of the ISO 10303-50 entity datengtbes_variable,

from which it inherits an attributgaluesspace of ISO 10303-50 typenaths.space This attribute
specifies the domain of validity for values of tm@delparameter. These may include domains corre-
sponding to those of the EXPRESS data typeSL, INTEGER, BOOLEAN andSTRING, together with

various bounded subsets of tReaL andINTEGER domains. This part of ISO 10303 does not directly
provide the use of parameters having values belonging to aggregate types, but applications may define
such extensions if they are required.

EXAMPLE 1 Consider a rectangle, with lengthunits and widthy units. Herex andy are variables or pa-
rameters. An explicit constraint relationship = y? + 2 relates these dimensions. Valid parameter ranges
100 < 2 < 300 and2.0 < y < 50 are defined. In this case the two variables correspond to instances of
bound_model parameter, both bound to physical quantities in the model, i.e., dimensional attributes of the rect-
angle. The parameterization and constraint information may be transmitted together with a ‘current result’ — an
explicit model of a rectangle with length 18.0 units and width 4.0 units. These parameter values satisfy the con-

16 ©1S0 2006 — All rights reseved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 10303-108:208(E)

straint and fall within the required parameter ranges. When model transfer is complete, if one of the parameters
is edited the other should adjust accordingly to maintain satisfaction of the constraint, provided the parameters re-
main within their valid ranges. It is assumed that the necessary functionality for parameter variation and constraint
maintenance will be provided by the receiving system.

The following example illustrates the use ofuabound_modelparameter.

EXAMPLE 2 Suppose an instance ofht _circular _cylinder (as defined in ISO 10303-42), has associated in-
stances obound_modelparameter associated with itsadius andheight attributes, here denoted byand i
respectively. A third parameter, denoted hymay be used to control the values of betandi according to the
relationships = 3t —2, h = t* + 1. In the case whenis not bound to an attribute of any entity data type instance,
it will appropriately be modelled in terms of ambound_modelLparameter.

4.2.2 Parameter binding to an instance attribute

A bound_model parameter is associated with an attribute of an entity data type instance in a populated
schema, whose value represents the value of the parameter. This association is defined through the use
of an entity data typinstanceattribute _referencethat simply specifies the name of an attribute and

the instance to which it belongs (see clause 4.4.6). A simple example is given below to illustrate the
principle, and the intended usage of the mechanism is more fully documented in clause F.1 of annex F.
Once the parameter binding has been established, the parameter may participate in a relationship that
governs its value if the model is subsequently edited in a receiving system.

EXAMPLE For the purpose of the example, entity data types defined in the ISO 10303 integrated generic re-
sources are treated as though they are instantiable elements in an application protocol.

It is desired to parameterize one dimension dlack solid, as defined in ISO 10303-42. This has three attributes,
X,y andz, that prescribe its three principal dimensions. In any instantiation of the block these will have specific
real numerical values. Consider now the following fragment of an ISO 10303-21 transfer file:

#290 = AXIS2_PLACEMENT_3D(...);
#300 = BLOCK(BLOCKY', #290, 4.0, 6.0, 8.0):
#310 = INSTANCE_ATTRIBUTE_REFERENCE
(GEOMETRIC_MODEL_SCHEMA.BLOCK.X’, #300);
#320 = FINITE_REAL_INTERVAL(2.0, .CLOSED., 10.0, .CLOSED.);
#330 = BOUND_MODEL_PARAMETER
(XPARAM’, #320, * 'BLOCK X-DIMENSION’, *);
#340 = BOUND_PARAMETER_ENVIRONMENT(#310, #330);

The instances represented above are explained as follows:

#290: defines an ISO 10303-42 axis placement (details omitted) for the next instance;

#300: theblock instance. As a subtype of ISO 10303-&presentationitem, this inherits aname at-
tribute of typelabel, whose value in this instance’ldlockl’ . The block is defined with respect to the axis
placemen#290 and has dimensions 4.0, 6.0 and 8.0 units;

#310: aninstance ohstanceattribute _referencein which the specified attribute name is giverigeso-

metric _model _schema.block.x’ and the owningblock instance is#300. Note that the attribute
name appears fully qualified with the name of the owning entity data type and its defining schema. This entry
in the file identifies the particular instance whose specified attribute is to be associated bk -
modelparameter instance;

#320: defines the domain of that parameter, a real interval closed at both ends, bounded below by 2.0 and
above by 10.0. The entity data tyfiaite_real_interval is defined in ISO 10303-50;

©I1S0 2006 — All rights reseved 17

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 10303-108:208(E)

#330: specifies thébound_modelparameter itself, using the definition in 4.4.2 of this schema. Its at-
tribute value list contains these entries:

— alabel’xparam’ , corresponding to theame attribute of itsrepresentation.item supertype;
— adomair#320, corresponding to thealues spaceattribute of itsmaths_variable supertype;

— aderived attribute, representing ttadel 'xparam’  again — this corresponds to tmame attribute
of the maths_value supertype, and its value is derived from the corresponding attribute aefre-
sentation.item supertype to ensure that the two labels are the same;

— atextual descriptiotblock x-dimension’ ;

— the value of themodel parameter, given as a derived value, although no formal method is available in
EXPRESS for deriving it from instanc300 ;

#340: an instance obound_parameter_environment, defined in 4.4.4, providing the link between the
specified instance attribut8310 , and the parameter bound to#330 .

At this point the binding of the parameter to the desired attribute is complete. The intention is that the value
attribute of the boundound_model_parameter instance#330 is equal to the value 4.0 associated with tkie

attribute in theblock instance, and lies within the domain of validity representedB%0 . However, because the
EXPRESS language provides no formal way of asserting this the value attribute of the parameter is recorded as
indeterminate, and an informal proposition in 4.4.2 requires that the two values shall be equal on completion of
the transfer. The achievement of this is the responsibility of the translation software. The parametric relationship
having been captured in an exchange file as shown above;-tli@ension of the block may now be controlled in

terms of the parameter associated with it if the model is edited following transfer into a receiving system.

4.3 Parameterization type definitions
431 attribute_identifier

Theattribute _identifier type is a type ofdentifier whose values are restricted to valid possibilities for
entity data type attribute names as defined in ISO 10303-11.

EXPRESS specification

*
)
TYPE attribute_identifier = identifier;
WHERE

WR1: validate_attribute id(SELF);
END_TYPE;
(*

Formal propositions

WR1: The identifier shall represent a valid attribute identifier as specified in ISO 10303-11.

NOTE Permitted characters in an EXPRESS attribute name include the alphanumeric characters together with
the special characters, ‘[, 7T, *’, and * \'. This set is sufficient for fully qualified attribute names (see clause
9.2.3.4. of ISO 10303-11), including SELF references and specification of individual members of aggregate-
valued attributes.
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4.4 Parameterization entity definitions
441 modelparameter

The model parameter entity data type is a type ofariational _representation.item that represents a
variable quantity in avariational _representation (see clause 6). It is also a type raaths_variable

as defined in ISO 10303-50, and can therefore participate in mathematical relationships. Its attributes
include an optional textual description of the significance of the parameter, and a current parameter value.
A modelparameterinstance inherits aameattribute from both its supertypes; the value ofrtreghs._-

variable name is derived from theepresentation.item name to ensure consistency. It also inherits an
attribute values spacefrom its maths_variable supertype, specifying the domain (permissible set of
values) of thanodelparameter.

NOTE 1 The fact thamodel parameter is a type ofmaths_variable restricts its underlying domain of values

to subsets of the real or integer numbers, Booleans or strings. Future editions of this part of ISO 10303 have the
possibility of extending that spectrum of domains, if applications require it, by making use of the more general
capabilities of ISO 10303-50.

Becausenodelparameteris a type oimaths_variable, and hence ultimately gfenericvariable as de-

fined in ISO 13584-20, each instance of it is required to have an associated instance of the ISO 13584-20
entity data typenvironment, which links the parameter with its associated semantics. For that purpose,
this schema provides appropriate subtypesnvironment, namelybound_parameter_environment
andunbound_parameter_environment, as defined in clauses 4.4.4 and 4.4.5 respectively. The key re-
lationships between these ISO 10303-108 and ISO 13584-20 entity data types are shown in clause F.1 of
annex F.

EXPRESS specification

*
)
ENTITY model_parameter
ABSTRACT SUPERTYPE OF (ONEOF (bound_model_parameter,
unbound_model_parameter))
SUBTYPE OF (variational_representation_item, maths_variable);
parameter_description : OPTIONAL text;
parameter_current_value : maths_value;
DERIVE
SELF\maths_variable.name : label := SELF\representation_item.name;
WHERE
WR1 : member_of(parameter_current_value,
SELF\maths_variable.values_space);
END_ENTITY;

(*

Attribute definitions

parameter_description: An optional description, for human interpretation, of the significance of the
model parameter instance.

parameter_current_value: The current value associated with thedelparameter instance.

SELF\maths.variable.name: The value of thename attribute from themaths_variable supertype,
whose value is derived from that of ttepresentation.item supertype, to ensure consistency.
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SELF\representationitem.name: The value of thename attribute from theepresentation.item su-
pertype.

SELF\maths_variable.valuesspace: The domain of validity of the current value associated with the
model parameter instance.

Formal propositions

WR1: The current value of thmodel parameter instance shall lie within the domain specified by the
attributeSELF\maths_variable.valuesspace

NOTE 2 No requirement has been imposed for tizne attribute of amodel parameter instance to have a

value that is unique in angepresentation it participates in. This is because it is not anticipated thadel -
parameter instances will be referred to by their name attributes. In generatjel parameter instances used in

an exchange are referenced by ephemeral identifiers created during the translation process and discarded when the
exchange is complete, by which time system-dependent identifiers have been generated in the receiving system.
However, if uniqgueness of name attributes is required for some application purpose the necessary restriction can
be imposed in schemas that specialize definitions from this part of ISO 10303.

4.4.2 boundmodel parameter

The bound_modelparameter entity data type is a type ofiodelLparameter whose instances can be
bound to (associated with) explicit attributes of entity instances participatinganagional _repre-
sentation The current value of any instance lmfund_modelparameter is indeterminate during an
exchange, but is required by an informal proposition to be set equal in the receiving system to the value
of the attribute to which it is bound. That attribute is therefore required to have an explicit value in a pop-
ulated schema, which rules out the associationkafiand_model parameter with a derived or inverse
attribute.

NOTE 1 This approach to the association of a value withcaind_model parameter instance is necessary
because the EXPRESS language provides no means for the formal derivation of the value from the referenced
entity data type instance in a populated schema.

EXPRESS specification

*
)
ENTITY bound_model_parameter
SUBTYPE OF (model_parameter);
DERIVE
SELF\model_parameter.parameter_current_value : maths_value = ?;
WHERE
WR1 : 'PARAMETERIZATION_SCHEMA.BOUND_PARAMETER_ENVIRONMENT’
IN TYPEOF(SELF\generic_variable.interpretation);
END_ENTITY;

(*

Attribute definitions

parameter_current_value: The current value of the attribute to which the parameter is bound, always
derived as indeterminate for an instance of this entity data type (see notes 1, 2 and 3).
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SELF\genericvariable.interpretation: The instance obound_parameter_environment that links a
bound_modelLparameter instance to a particular entity instance attribute.

Formal propositions

WR1:. Every instance abound_modelparameter shall reference an instance of typmund_parame-
ter_environment.

NOTE 2 The indeterminate value of the the attribpsgameter_current _value does not give rise to a violation

of WR1 of themodel_parameter supertype, which for an instance bbund_modelparameter will evaluate to
UNKNOWN rather tharrFALSE. Clause 9.2.2.2 of ISO 10303-11 states that this does not constitute a violation of the
rule. In practice it is the responsibility of the translator software to check that the value of the referenced attribute
lies within the domain of the parameter.

NOTE 3 Because the indeterminate valugpafameter_current_value is derived — in this case, by a simple
assigment — an instance bbund_modelLparameter in an ISO 10303-21 exchange file will represent it by an
asterisk}, as illustrated in the examples in clause 4.2.2 and annex F.1.

NOTE 4 The ISO 13584-20 entity data typ@vironment has two attributessemanticsand syntactic_repre-
sentation As a subtype o&nvironment, bound_parameter_environment also possesses these attributes, which
are treated as follows:

semantics: This attribute is of typénstance attribute _reference(see clause 4.4.6).

syntactic_representation: A WHERE rule applying tabound_parameter_environment requires that the
value of this attribute shall be of tyg@und_modelparameter.

The ISO 13584-20 entity data typgenericvariable has an inverse attributeterpretation, corresponding to
the syntactic_representation attribute ofenvironment. For bound_modelparameter, a subtype ofgeneric.-
variable, this inverse attribute is required by WR1 to be of typmind_parameter_environment.

The entity data typesnvironment andvariable_semanticsare subtyped in this part of ISO 10303 to satisfy a
requirement of ISO 13584-20 regarding the binding of values to variables. An EXPRESS-G representation of their
relationships with entity data types defined in this schema is given in clause F.1 of annex F.

Informal propositions

IP1: Theparameter_current_value attribute shall have the same value as the entity data type instance
attribute referenced via the inverse attribBELF\ genericvariable.interpretation, and shall be type-
compatible with it.

NOTE5 It will be crucial for implementations to ensure that the foregoing informal proposition is satisfied.
Means cannot be provided in this schema for checking its validity because no formal mechanism exists for access-
ing the value of the attribute with which thHsund_model_.parameter is associated.

NOTE 6 Alocal rule in the definition ofariational _representation(see clause 6.3.3) ensures that any instance
of bound_modelparameter shall belong to the samariational _representationas the entity data type instance
to whose specified attribute it is bound.

NOTE 7 No restriction is imposed in this schema to prevent the binding of more thabaned_model_pa-
rameter to a single attribute of an entity data type instance. However, if such a restriction is required for some
application purpose it can be specified in schemas that specialize definitions from this part of ISO 10303.
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NOTE 8 The mechanism defined in this schema does not allow the direct associatibawf@modelparam-

eter instance with more than one entity data type instance attribute. The effect of such a multiple binding can be
achieved through the use of multiplmund_modelparameter instances related by thequal parameter_con-

straint as defined in clause 5.4.3.

4.4.3 unboundmodel parameter

Theunbound_modelparameter entity data type is a type ofiodelLparameter representing a variable

that is not bound to an attribute of any entity instance in the model. The value attributendfcamd_-
modelparameter instance is specified explicitly, rather than by association with an attribute of some
other instance in the model.

NOTE 1 An instance ofinbound_model_parameter may be used in mathematical expressions in free-form
constraints that govern values associated with instanchewid_modelparameter. Examples of this usage are
given in clause 4.2.1 and clause F.1 of annex F.

EXPRESS specification

*
)
ENTITY unbound_model_parameter
SUBTYPE OF (model_parameter);
WHERE
WR1: 'PARAMETERIZATION_SCHEMA.UNBOUND_ PARAMETER_ENVIRONMENT
IN TYPEOF(SELF\generic_variable.interpretation);
END_ENTITY;

(*

Attribute definitions

SELF\genericvariable.interpretation: The instance ofinbound_parameter_environment provid-
ing the link between thenbound_modelparameter instance and its associated instancerdfound._-
model parameter_semantics The definitions of these entities are given in Clauses 4.4.5 and 4.4.7.

Formal propositions

WRL1: Every instance ofinbound_modelLparameter shall be referenced by an instanceainbound_-
parameter_environment.

NOTE 2 ThelSO 13584-20 entity data typavironment has two attributessemanticsandsyntactic_represen-
tation. As a subtype oEnvironment, unbound_parameter_environment also possesses these attributes, which
are treated as follows:

semantics: The value of this attribute is required to be of typebound_modelparameter_semantics(see
clause 4.4.7).

syntactic_representation: A WHERE rule applying tounbound_parameter_environment requires that
the value of this attribute shall be of typ@bound_model parameter.

The ISO 13584-20 entity data typgenericvariable has an inverse attribut@terpretation, corresponding to
the syntactic_representationattribute ofenvironment. Forunbound_model parameter, a subtype ofjeneric -
variable, this inverse attribute is required by WR1 to be of typghound_parameter_environment.
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The entity data typesnvironment andvariable_semanticsare subtyped in this part of ISO 10303 to satisfy a
requirement of ISO 13584-20 regarding the binding of values to variables. An EXPRESS-G representation of their
relationships with entity data types defined in this schema is given in clause F.1 of annex F.

4.4.4 boundparameter_environment

Thebound_parameter_environment entity data type is a type ehvironment as defined in ISO 13584-
20. It provides a link between the syntactic and semantic aspedti®ohd_model parameter instance.

NOTE 1 1SO 13584-20 requires an instanceeoivironment to be defined for every instance géneric.vari-
able, and sincédbound_model parameter as defined in this schema is a subtypegeheric.variable it has been
necessary to provide an appropriate subtyperafironmentin this schema.

EXPRESS specification

*
)
ENTITY bound_parameter_environment
SUBTYPE OF (environment);
WHERE
WR1: (PARAMETERIZATION_SCHEMA.BOUND_MODEL_PARAMETER’ IN
TYPEOF(SELF\environment.syntactic_representation)) AND
(PARAMETERIZATION_SCHEMA.INSTANCE_ATTRIBUTE_REFERENCE’ IN
TYPEOF(SELF\environment.semantics));
END_ENTITY;

(*

Formal propositions

WR1: For every instance dfound_parameter_environment, the syntactic_representation attribute
of the environment supertype shall be of typeound_modelparameter and thesemanticsattribute
shall be of typenstance attribute _reference

NOTE 2 The relationships between the ISO 13584-20 entity datagyp@onment and other entity data types
defined in this schema are illustrated by the EXPRESS-G diagram in clause F.1 of annex F.

445 unboundparameter_environment

The unbound_parameter_environment entity data type is a type @nvironment as defined in ISO
13584-20. It provides a link between the syntactic and semantic aspectsrifaamd_modelparam-
eter instance.

NOTE 1 1SO 13584-20 requires an instanceeoivironment to be defined for every instance géneric vari-
able, and sincainbound_modelparameter as defined in this schema is a subtypgeheric_variable it has been
necessary to provide an appropriate subtyperafironmentin this schema.

EXPRESS specification

*)
ENTITY unbound_parameter_environment
SUBTYPE OF (environment);
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WHERE
WR1: (PARAMETERIZATION_SCHEMA.UNBOUND_MODEL_PARAMETER’ IN
TYPEOF(SELF\environment.syntactic_representation)) AND
(PARAMETERIZATION_SCHEMA.UNBOUND_MODEL_PARAMETER_SEMANTICS’ IN
TYPEOF(SELF\environment.semantics));
END_ENTITY;

(*

Formal propositions

WRZ1: For any instance ainbound_parameter_environment, the syntactic_representation attribute
of theenvironment supertype shall be of typsmbound_modelparameter and thesemanticsattribute
shall be of typainbound_model parameter_semantics

NOTE 2 The relationships between the ISO 13584-20 entity datagpp@onment and other entity data types
defined in this schema are illustrated by the EXPRESS-G diagram in clause F.1 of annex F.

4.4.6 instanceattribute _reference

The instance attribute _reference entity data type is a type afariable_semantics(see 1SO 13584-
20). It identifies a named explicit attribute of a speaifipresentation.item instance in a populated
EXPRESS schema. The name of the attribute is specified airdoute _identifier (see clause 4.3.1).
Derived or inverse attributes shall not be referenced by the tisstafce attribute _reference

NOTE 1 This entity data type is used in the definition of an association between a bodel parameter and

an attribute of an instance ofrapresentationitem. It is defined as a subtype of the ISO 13584-20 entity data
typevariable_semanticsto satisfy a requirement of that standard regarding the binding of values to variables. The
intention is to provide an interpretation of the role of the variable in its modelling context.

Examples of the use of this entity data type are provided in clause F.1 of annex F.

EXPRESS specification

*

)

ENTITY instance_attribute reference
SUBTYPE OF (variable_semantics);
attribute_name : attribute_identifier;
owning_instance : representation_item;

END_ENTITY;

(*

Attribute definitions

attribute _name: An attribute _identifier specifying the name of the referenced attribute.

owning.instance: Therepresention.item instance owning the referenced attribute.
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Informal propositions

IP1: Any attribute referenced by an instanceindtance attribute _reference shall be specified as a
fully qualified attribute in the formr'SCHEMANAME.ENTITY_.NAME.ATTRIBUTENAME' (see ISO
10303-11).

NOTE 2 The foregoing informal proposition is imposed to ensure that ambiguities are avoided, for example
in the case of complex instances, and to enable effective checking for compatibility of the referenced attribute
identifier and its owning entity data type instance.

4.4.7 unboundmodel parameter_semantics

Theunbound_model parameter_semanticsentity data type is a type @hriable_semanticsas defined
in ISO 13584-20. It represents the semantics of an unbamaadl parameter.

NOTE [ISO 13584-20 requires a subtypewariable_semanticsto be defined for any subtype generic.vari-

able. This is intended to provide an interpretation of the role of the variable in its modelling context. The definition
of unbound_model parameter_semanticsgiven below reflects the fact that an unbounddel_parameter has no
semantics beyond what is implied by its use in an instandesefform _constraint (see clause 5.4.4). It does not
necessarily have any immediate physical significance in its own right, though it may indirectly control quantities
that do have physical significance.

EXPRESS specification

*)

ENTITY unbound_model_parameter_semantics
SUBTYPE OF (variable_semantics);

END_ENTITY;

(*
44.8 fixedinstance attribute _set

The fixed_instance attribute _set entity data type is a type ofriational _representation.item as de-

fined in clause 6.3.1. It specifies a set of explicit attribute values in a populated schema whose values
are required to remain fixed in the model after transfer to a receiving system. In particular, these fixed
attributes may represent values of dimensions in a shape model. This entity data type shall not be used
to constrain values of derived or inverse attributes.

NOTE Although this entity data type may appear to have the nature of a constraint, it has been included here
rather than in thexplicit_constraint_schema(clause 5) for the following reasons:

a) It makes use dhstanceattribute _referenceinstances in the same manner aslibend_modelparameter
entity data type defined in this schema;

b) The explicit_constraint entity data type defined in clause 5 constrains instancagmesentationitem
rather than individual attributes of such instances;

c) Afixed attribute may be considered to be parameterized with a domain restricted to a single value.
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EXPRESS specification

*
)
ENTITY fixed_instance_attribute_set
SUBTYPE OF (variational_representation_item);
fixed_attributes : SET[1:?] OF instance_attribute_reference;
WHERE
WR1: SIZEOF(QUERY(g <* using_representations(SELF) |
SIZEOF(QUERY(r <* g.items |
'PARAMETERIZATION_SCHEMA.FIXED_INSTANCE_ATTRIBUTE_SET
IN TYPEOF(r))) > 1)) = 0;
END_ENTITY;
(*

Attribute definitions

fixed_attributes: The set of entity data type instance attributes that have fixed values in the model.

Formal propositions

WR1: The current instance shall be the only instancixefl_instance attribute _setin anyrepresen-
tation that contains it.

4.4.9 generatedinite_numeric_space

The entity data typgeneratedfinite_numeric_spaceis a type offinite_spaceas defined in ISO 10303-

50. It defines a finite space of numerical values whose members are not enumerated but are specified in
terms of a starting value and an increment, corresponding to practice in many computer programming
languages.

NOTE 1 The constructed set may be used as the domain of a numeackdl parameter.

EXPRESS specification

*
)
ENTITY generated_finite_numeric_space
SUBTYPE OF (finite_space);
start_value . maths_number;
increment_value : maths_number;
increment_number : positive_integer;
DERIVE
SELF\finite_space.members : SET [2:?] OF maths_number
= make_numeric_set(start_value, increment_value, increment_number);
WHERE
WRL1: increment_value <> 0.0;
END_ENTITY;

(*
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Attribute definitions

start_value: The base member of the constructed set.
increment.value: The numerical difference between successive members added to the set.
increment.number: The number of members added to the set after specification of its base member.

SELF\finite_space.members:The evaluated members of the setradths_number instances defining
the space.

Formal propositions

WR1: The size of the increment shall be nonzero, and the number of increments shall be greater than
Z€ero.

- NOTE2 The number of members of the set is greater by one than the vainerement.number.

NOTE 3 The entity data typgeneratedfinite_numeric_spaceis not referenced elsewhere in this part of ISO
10303, but is provided as a resource for schemas that may make usel8£1h6303parameterization_schema
or some specialization of it.

4.5 Parameterization function definitions
451 makenumeric_set
The make_numeric_setfunction creates a set containing two or more members ofrgibs number

(an ISO 10303-50 named type equivalent to the EXPRESS simpleityypBER), from an initial value,
an increment and an integer specifying the number of increments.

EXPRESS specification

*)
FUNCTION make_numeric_set(start, delta : maths_number;
incs . positive_integer)
: SET [2:?] OF maths_number;

LOCAL

i : INTEGER;

numeric_set : SET[2:?] OF maths_number := [start, (start + delta)];
END_LOCAL;
IF incs > 1 THEN REPEAT i := 2 TO incs;

numeric_set := numeric_set + (start + (i*delta));
END_REPEAT;

END_IF;

RETURN(numeric_set);
END_FUNCTION;
(*
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Argument definitions

start: The value of the initial member of the generated set of values.
delta: The increment between successive values generated.

incs: The number of increments (i.e., one less than the number of members of the generated set).
452 validateattribute _id

The validate_attribute _id function checks whether tratribute _identifier specified in an instance of
attribute _referenceis valid in the sense that its first character is a letter and all the others are letters,
digits, ", [',7, or’ \'. The last two characters allow references to attributes inherited from supertypes
where this is appropriate, and the two preceding ones to individual members of aggregate instances.

NOTE The characters that may occur in valid EXPRESS identifiers are specified in clause 7 of ISO 10303-11.
The use of *. and \’ in qualified attributes is specified in clause 9.2.3.4 of the same document.

EXPRESS specification

*)
FUNCTION validate_attribute id(attid : attribute_identifier) : BOOLEAN;
CONSTANT
letters : SET[52:52] OF STRING :=

[a)b,c,/d e, f, g 'h, i) K, T, 'mn'o,'p,
'g,r)s e u v WX Y2 AVBCUDEF
'GVHI YKL MUNOVP QYRS T UL Y,
W XY' 2,
numbers_etc : SET[15:15] OF STRING :=
[o,1,2,3,4,5,6,7,8,9, [T,V
valid_chars : SET[67:67] OF STRING := letters + numbers_etc;
END_CONSTANT;

LOCAL
id_length : INTEGER := LENGTHA(attid);
id valid : BOOLEAN := TRUE;
i : INTEGER,;

END_LOCAL;

-- check that indentifier starts with a letter

IF NOT (attid[1] IN letters) THEN id_valid := FALSE;
END_IF;

-- check that no invalid characters occur subsequently

REPEAT i := 2 TO id_length WHILE id_valid = TRUE;
IF NOT (attid[i] IN valid_chars) THEN id_valid := FALSE;
END_IF;

END_REPEAT;

RETURN(id_valid);

END_FUNCTION;
(*
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Argument definitions

attid: The attribute identifier whose validity is to be checked.

EXPRESS specification

*)
END_SCHEMA; -- parameterization_schema
(*
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5 Explicit constraint
5.1 Introduction

The following EXPRESS declaration begins the explicit constraint schema and identifies the necessary
external references.

EXPRESS specification

%)

SCHEMA explicit_constraint_schema,;

REFERENCE FROM support_resource_schema -- 1SO 10303-41
(text);
REFERENCE FROM representation_schema -- ISO 10303-43

(item_in_context,
representation_item,
using_representations);

REFERENCE FROM mathematical_functions_schema -- ISO 10303-50
(compatible_spaces,
maths_variable,
values_space_of);

REFERENCE FROM parameterization_schema -- ISO 10303-108
(bound_model_parameter,
model_parameter,
unbound_model_parameter);

REFERENCE FROM variational_representation_schema  -- ISO 10303-108
(variational_representation_item);

REFERENCE FROM 1S013584 generic_expressions_schema -- ISO 13584-20
(used_variables);

REFERENCE FROM 1S013584 expressions_schema -- ISO 13584-20
(boolean_expression,
expression);

(*

NOTE 1 The schemas referenced above can be found in the following Parts of ISO 10303 and ISO 13584

support _resource _schema 1ISO 10303-41
representation _schema ISO 10303-43
mathematical _functions _schema ISO 10303-50
parameterization _schema clause 4 of this part of ISO 10303
variational _representation _schema clause 6 of this part of ISO 10303
ISO13584 _generic _expressions _schema 1SO 13584-20
ISO13584 _expressions _schema ISO 13584-20

NOTE 2 See annex D, Figure D.3, for a graphical presentation of this schema.

30 ©1S0 2006 — All rights reseved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 10303-108:208(E)

5.2 Fundamental concepts and assumptions

This schema provides representations for general explicit constraints, applicable to a wide variety of
models. Such constraints may be used, following a model exchange, to control the behaviour of the
model if it is modified in the receiving system. They capture an important aspect of the originator’s intent
in creating the model, namely the requirement that certain of its characteristics should remain invariant
if it is edited. This invariance is usually required to ensure the continued validity or functionality of
whatever the model represents.

Explicit geometricconstraints are provided in most current CAD systems in the context of product shape
models, for the reasons given above. The representations defined in this schema, apart from their many
other applications, provide the necessary foundations for the explicit geometric constraints specified in
clause 7 of this part of ISO 10303.

In a static sense an explicit constraint is redundant, since its presence has no effect unless an attempt is
made to change the model. The satisfaction of the constraint should ideally be checked during a model
exchange, however, to ensure that the model and its constraints are mutually consistent. If an attempt is
made to change the model following a data transfer, the effect of the constraint will become apparent,
provided the receiving system has the requisite constraint functionality. The intended effect is that this
system should cause the possibilities for change to be restricted to those for which the constraint remains
valid. :

EXAMPLE Consider an ISO 10303-21 file exchange of a product shape model, which contains two concentric
circular edges. The concentricity may result from the fact that the axial lines of the circular curves underlying
both edges happen to coincide. However, that does not imply any restriction on how the model may be changed
following the transfer. Now suppose that a concentricity constraint is applied between the two circles concerned.
This causes no changes to the geometry or topology of the shape model, as stated above. It asserts something that
is already true in the model, but additionally it expresses the requirement that the condition stroaidtrue

after reconstruction in a receiving system, where modifications may be made. The explicit constraint is therefore
not part of the shape description of the model as constructed, but governs what changes may subsequently be made
to it.

An explicit constraint is usually an assertion of a specified relationship between two or more entity data
type instances in a populated schema, as in the preceding example. The relationship may be defined in
terms of values oéittributesof entity data type instances, and it is then also possible to define relation-
ships between different attributes of a single entity data type instance. The provisions of clause 4 allow
the association of instancestmfund_model parameter with attributes of other instances in a populated
schema, which enables the representation of such constraint relationships in terms of mathematical rela-
tions between parameters. In what follows, the wadasnentwill be used to refer to any form of entity

data type instance involved in an explicit constraint. There should be no confusion with the usage of the
same term in the context of finite element analysis.

Clause 6.3.1 of this part of ISO 10303 definisiational representationitem as a subtype of the
ISO 10303-43 entity data typepresentationitem. Explicit constraints are defined as subtypes of
variational _representation.item, which is the supertype of all entity data types used to express the
variational aspects of models with parameterization and constraints. The tygeredentation in
which they participate is wariational _representation as defined in clause 6.3.3 of this part of ISO
10303.

NOTE Many CAD systems use a procedural description of the model, expressed in terms of the operations
used in constructing it. In the exchange of models of this kind, model regeneration in a receiving system will
be achieved by performing those operations. In such a itagkcit constraints may be present in the transferred
procedural model. These are inherent in the use of certain constructional procedures. For example, a function may
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be provided for the construction of a rectangular block with specified dimensions. As constructed, the block will
have three pairs of opposite parallel faces, and adjacent faces will be perpendicular to each other. This will be the
case regardless of the dimensions of the block; the parallelism and perpendicularity constraints are built into the
operation of the creation function. Constraints defined in this way, by procedures, are outside the scope of this
schema. However, this part of ISO 10303 is compatible with ISO 10303-55, the integrated generic resource for the
representation of procedural and hybrid models.

521 Free-form and defined constraints

Explicit constraints may be formulated as mathematical relationships between attributes of entity data
type instances. This schema defindea_form_constraint entity data type, in which those mathemat-

ical relationships are specified in precise detail through a mechanism using subtypenadehpa-

rameter entity data type to represent attribute values.

A defined.constraint entity data type is also provided. This does not specify relationships explicitly;
instead, it uses a descriptive form of definition. A receiving system is expected to understand the seman-
tics of a defined constraint and to reformulate it mathematically in whatever way is most suitable for its
geometric constraint solver. Only one very simple type of defined constraint is specified in this schema,
theequal parameter_constraint (see 5.4.3). However, clause 7 of this part of ISO 10303 specifies many
constraints of the defined type.

5.2.2 Simultaneous groups of constraints

In some models, groups of explicit constraints may be required to hold simultaneously. An entity data
type simultaneousconstraint_group is provided in this schema for the representation of such groups.
Arule is provided to ensure that a givexplicit_constraint cannot belong to more than osienultane-
ous.constraint_group; otherwise, all the sets containing the constraint in question could be assembled
into a larger simultaneous set.

NOTE The sequential application of constraints is outside the scope of this part of ISO 10303. Constraint
instances in a populated schema that do not belongsimaltaneousconstraint_group may have been applied
sequentially in the originating system, but such time-dependent model aspects must be captured through the use of
the procedural representation resource ISO 10303-55.

Hierarchical structuring of constraint groups is permitted, by allowing instancsoitaneouscon-
straint_group to be members of other instances of the same type.

5.2.3 Use of the current result in the resolution of ambiguities

CAD systems implementing simultaneous constraint sets must be capable of solving systems of simulta-
neous equations to determine the parameter values and other details of constrained geometric configura-
tions. Often the equations concerned are nonlinear, and this leads to the possibility of multiple solutions.
However, all CAD systems at present generate a single fully explicit model, which implies that the de-
signer (or the system) has made specific choices of constraint solutions where multiple possibilities have
arisen. The transfer of the designer’s explicit model (referred to as the ‘current result’), together with
the parameterized model containing the constraint system, may serve to indicate the particular choices
of constraint solutions made in the originating system. The association of a current result with its con-
trolling parameter and constraint information constitutearational _representation as defined in in

clause 6 of this part of ISO 10303.

NOTE It should be reiterated that the methods used for solving systems of constraint equations are outside the
scope of ISO 10303. The intention of the standard is limited to the transmission of information necessary to
construct such a system of equations in a receiving system.
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5.2.4 Directed and undirected constraints

Two types of explicit constraint may be distinguisheddifectedconstraint asserts a relationship be-
tween the items in a set of constrained elements and one or more spefdietice elementsAn
undirectedconstraint has no reference element; it asserts a relationship between all pairs of items in the
set of constrained elements, which in this case usually has only two or three members. Provision is made
in this part of ISO 10303 to handle both directed and undirected constraints.

NOTE The termsymmetri@andasymmetri@re often used for undirected and directed constraints, respectively.

EXAMPLE 1 A parallelism constraint specifying that a set of lines is parallel to a given line is directed; the
given line is the reference element. On the other hand, a constraint specifying that three planes are mutually
perpendicular is undirected; there is no reference element, and the relationship exists between all pairs of members
of the set of constrained items.

EXAMPLE 2 The case where a line is constrained to be tangent to two fixed circles is an example of the use of
multiplereference elements (i.e., the two circles).

5.25 Roles of model parameters in free-form constraints

There are important differences between the semantics of directed and undirected free-form constraints,
and these are highlighted by the intended behaviour of participatitigl parameter instances, as
explained below.

A modelparameter may play either of two roles in a directéde_form _constraint:

reference element:In this case the value of the parameter is regarded as an input when the con-
straint expression is evaluated,;

constrained element: Here the value of the parameter is regarded as an output, being determined
in terms of the values associated with the input or reference elements.

Thus, if a directed constraint holds the configuration may only be modified, following a model transfer,
by editing reference elements. This should cause consistent modifications to all the constrained elements
so that the constraint continues to be satisfied. No direct editing of constrained elements is permitted in
this case.

In the undirected case, where no reference element is present, the constrained elements play a dual role
— any one of them may be edited following a model transfer, and all the rest should change accordingly,
S0 as to ensure the continued satisfaction of the constraint.

EXAMPLE The relationL x W = A gives the areal of a rectangle in terms of its length and widthiV. The
use of this relation in a constraint may be restricted by specifyirmnd W as reference parameters aAdas a
constrained parameter. With this distinction, it should be impossible to edit the valdedoctly following a
model transfer, since that might contravene the design intent.

NOTE It should be noted that if emodelparameter is used as a constrained element in Constraint A and a
reference element in Constraint B there is an implied ordering of these constraints; A must be solved before B:
More complex hierarchies are clearly possible. However,ex@icit representation of the temporal ordering of '
constraint evaluation is outside the scope of this part of ISO 10303.

Two subtypes ofree_form _constraint are defined in this schema. The first, tfee_form _assignment
is always a directed constraint. An expression involving reference elements is evaluated and the resulting
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value assigned to a constrained element. The second subtypfégtfoem _relation, which in its most

general form allows the representation of hybrid constraints, having an undirected relationship amongst a
set of constrained elements, where the details of this relationship are governed by one or more reference
elements. Example 1 in 5.4.6 provides an illustration of such a hybrid case.

5.2.6 Accuracy of constraint satisfaction

The accuracy of constraint satisfaction in an ISO 10303 information model depends upon certain char-
acteristics of the system where it was generated. This is also true of other aspects of model accuracy,
particularly in the case of shape models. The level of agreement between the topology and geometry
of a boundary representation model as defined in ISO 10303-42 provides an example. In this context,
topological information might specify that two edges connect, but the geometrical information may give
slightly different positions for their end-points, though close enough for them to be regarded as coin-
cident by the internal standards of the system. Such discrepancies typically arise from computational
errors incurred in geometric calculations.

Analogously, a shape model may contain a constraint asserting that two lines are perpendicular, when
the lines as actually represented meet at a fraction of a degree le88°th&rrors in geometry/topology
agreement and in constraint satisfaction are therefore very similar in nature.

No specialized means is provided in this schema for handling the problem of accuracy of constraint
satisfaction in exchanged models. As indicated above, the problem is pervasive, particularly in geometric
or shape modelling. The general capabilities provided elsewhere in ISO 10303 for addressing model
accuracy may be used in application protocols making use of this part of the standard.

5.3 Explicit constraint type definitions

5.3.1 constraintgroup_member

Theconstraint_group_membertype allows a selection between entity data types that are valid members

of an instance odimultaneousconstraint_group as defined in clause 5.4.7.

EXPRESS specification

*

)

TYPE constraint_group_member = SELECT
(explicit_constraint,
simultaneous_constraint_group);

END_TYPE;

(*
54 Explicit constraint entity definitions
54.1 explicitconstraint

Theexplicit_constraint entity data type is a type efriational _representation.item. It asserts a rela-
tionship between model elements that the receiving system is expected to maintain when the model is
modified. This entity data type is the generic supertype of all explicit constraints. Such constraints may
occur in either of two forms:
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directed: in which all members of a set or list of constrained elements are constrained with respect
to one or more reference elements;

undirected: in which there is no reference element and the constraint is required to hold between
all possible pairs of a set of constrained elements.

" Afurther distinction, as mentioned in 5.2.1, is that between a defined and a free-form constraint. Both
are provided as subtypese{plicit_constraint.

EXPRESS specification

*

)

ENTITY explicit_constraint
ABSTRACT SUPERTYPE OF (ONEOF(defined_constraint,

free_form_constraint))

SUBTYPE OF (variational_representation_item);
description : OPTIONAL text;
constrained_elements : SET[1:?] OF representation_item;

reference_elements  : SET[0:?] OF representation_item;
WHERE

WR1: SIZEOF(constrained_elements * reference_elements) = 0;
END_ENTITY;

(*

Attribute definitions

description: An optional textual description of the semantics of the constraint instance.
constrained.elements: The set of constrained elements.

reference elements: The set of reference elements upon which the constrained elements are dependent.

Formal propositions

WR1: There shall be no members in common between the sefiesénce elements if any are defined,
and the set ofonstrained elements

Informal propositions

IP1: Everyexplicit_constraint in an ISO 10303 model shall be satisfied at the time of model transfer,
as judged by the internal numerical accuracy criteria of the originating system.

5.4.2 definedconstraint

The defined.constraint entity data type is a type axplicit_constraint, and the abstract supertype

of a class of constraints defined in descriptive terms, with no specification of a precise mathematical
relationship between parameters and entity data type instance attributes. The semaitifsed a
constraint instance shall be understood by any system interpreting it, which will then formulate the
constraint mathematically in whatever manner is convenient for its own purposes.
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NOTE By contrast, a free-form constraint is formulated in terms of a precise mathematical relationship between
parameters and entity data type instance attributes. In this case the relationship as represented in the originating
system shall be reproduced exactly in the receiving system.

EXAMPLE The constraints defined in clause 7 are all of the defined type, asserting various types of geometric
relationships. To give just one illustration, tharallel_geometric constraint of clause 7 may be used to constrain

two lines to be parallel. This is a descriptive specification of the constraint. An example of a precise mathematical
representation of the relationship between the two lines is the requirement that the cross-product of their direction
vectors be zero, expressed in terms of equations involving the components of those vectors. The constraint may or
may not actually be formulated in this form for solution by the constraint solver in a particular CAD system.

EXPRESS specification

*
)
ENTITY defined_constraint
ABSTRACT SUPERTYPE OF (equal_parameter_constraint)
. SUBTYPE OF (explicit_constraint);
“END_ENTITY;
(*

543 equalparameter_constraint

The equal parameter_constraint entity data type is a type afefined.constraint that constrains a set
of model parameter instances to have equal value attributes. There are directed and undirected forms:

directed: All the constrained elements are required to have the same value as a single reference
element;

undirected: There is no reference element, and all the constrained elements are required to share a
common value.

EXAMPLE 1 It may be desired to constrain all constant radius blends in a geometric model to have the same
radius. In this case, model parameter may be associated with each blend radius and the undirected form of
equal parameter_constraint used to assert the equality of value of all these parameters.

NOTE Thefree_form _relation constraint, defined in 5.4.6 allows a the value of a parameter to be constrained
through its participation in a mathematical relationship. The directed form oéthel parameter_constraint

can achieve the effect of constrainingsatof parameters according to a relationship in which only one of them
participates, by using as its reference element the parameter controlled fogetferm _relation.

EXAMPLE 2 Suppose thamodel_parameter instances corresponding to variablegy, z are constrained by
a free_form _relation constraint to satisfy the relationshig + y? = 22. If it is additionally desired that pa-
rameters corresponding to variablgs, s always have values equal to that ofthen a directe@qual parame-
ter_constraint may be used, in which the set cbnstrained.elementscontains thenodelparameter instances
corresponding tq, r, s, while z is used as aeference element

The equal parameter_constraint is an elementary example of tHefined constraint class. It asserts
that the values of a set of parameters are equal, but the relationship is expressed descriptively rather than
in explicit mathematical terms as would be the casefiaeaform _constraint.
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EXPRESS specification

*
)
ENTITY equal_parameter_constraint
SUBTYPE OF (defined_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF model_parameter;
SELF\explicit_constraint.reference_elements
SET[0:1] OF model_parameter;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.constrained_elements +
SELF\explicit_constraint.reference_elements) >= 2;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of modelparameter instances whose values
are constrained to be equal.

SELF\explicit_constraint.reference elements: A set of zero or onenodelparameter instances; if a
reference element is present its value is assigned to all the constrained elements.

Formal propositions

WR1: The total number ofmodelparameter instances involved in aequalparameter_constraint
shall not be less than two.

5.4.4 freeform _constraint

The free_form _constraint entity data type is a type @xplicit_constraint defining a special purpose
constraint that cannot be modelled with the defined constraint entities available in any particular appli-
cation context.

As with other explicit constraints, the constrained elements are those controlled by the constraint, and the
reference elements specify, for the case of directed constraints, elements upon which they are constrained
to be dependent. The dependency generally involves relations between values of attributes of entity data
type instances, and the types of the constrained and reference elements are therefore both specified as
modelparameter. Two specialized subtypes of this constraint are defined below.

EXPRESS specification

*
)
ENTITY free_form_constraint
ABSTRACT SUPERTYPE OF (ONEOF(free_form_assignment, free_form_relation))
SUBTYPE OF (explicit_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF model_parameter;
SELF\explicit_constraint.reference_elements
SET[0:?] OF model_parameter;
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constraining_expression : expression;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of constrained instancesmajdelparame-
ter.

SELF\explicit_constraint.reference elements: The set ofmodelparameter instances used as refer-
ence elements.

constraining_expression: Theexpressionused to define a relationship betweenriwelparameter
instances involved in the constraint.

NOTE 1 Theexpressionentity data type from ISO 13584-20 allows the modelling of mathematical expressions
whose values are of typ@s8JMBER, BOOLEAN Of STRING.

NOTE 2 Any application protocol making use of this schema will needsa a set of domains from the 1ISO
10303-50mathematical_functions_schemathat is appropriate for thmodel parameter value types employed.

5.45 freeform _assignment

Thefree_form _assignmententity data type is a type friee_form _constraint that represents the assign-

ment of a value, the current value of a mathematical expression invatadglparameter instances, to

one or more specifieshodelLparameter instances. The value of the expression in the exchange model

is obtained by evaluating it with the current values of all parameters involved in it. In the context of
this entity data typemodelparameter instances involved in the expression are regarded as reference
elements. The value of the expression is assigned to the value attribute of one or more constrained
model parameter instances.

EXAMPLE Suppose that real-valuedodel parameter instances are associated with varialiles,, t3, z1, z2,

where the parameters corresponding gt , t3 are constrained elements, and those corresponding,te, are
reference elements. Then the reference parameters may be used¢damftieining_expressionrepresentation of

the expressiosin® z; + sin? z», and the resulting value of the expression, evaluated for the current values of those
parameters, assigned to the parameters in the ssdraftrained.elements corresponding to variables, ¢o, t3.

Thus the three constrained parameters are all constrained to have the value of the expression involving the two
reference parameters.

NOTE 1 A free_form_assignmentis always a directed constraint. In editing a model containing such a con-
straint, only the values of the reference elements may be changed by the system user — the values of the con-
strained elements are then determined by the system in accordance with the new set of reference values.

EXPRESS specification

*
)
ENTITY free_form_assignment
SUBTYPE OF (free_form_constraint);
WHERE
WR1: SIZEOF(QUERY(q <* SELF\free_form_constraint.constrained elements |
g IN used_variables
(SELF\free_form_constraint.constraining_expression))) = 0;
WR2: SIZEOF(QUERY(q <* SELF\free_form_constraint.reference_elements |
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NOT (q IN used_variables(
SELF\free_form_constraint.constraining_expression)))) = O;

WR3: SIZEOF(SELF\free_form_constraint.reference_elements) >= 1;

WR4: SIZEOF(QUERY(q <* SELF\free_form_constraint.constrained elements |
NOT (compatible_spaces(values_space_of(
SELF\free_form_constraint.constraining_expression),
g\maths_variable.values_space)))) = 0;

END_ENTITY;

(*

Formal propositions

WR1: No member of the set dBELF\explicit_constraint.constrained.elementsshall occur in the
SELF\free_form _constraint.constraining_expression

WR2: Every member of the set &ELF\free_form _constraint.reference elementsshall occur in the
SELF\free_form _constraint.constraining.expression

WR3: The set ofSELF\free_form_constraint.reference elementsshall contain at least one member
— otherwise theonstraining_expressionhas a constant value and the use of this constraint is inappro-
priate.

WR4: The possible range of values of ttenstraining_expressionshall be compatible with the speci-
fied domains of values of all the constraimaddel parameter instances.

NOTE 2 The compatibility referred to in the description WfR4 requires that the specified domain of each
constrained instance ofiodelLparameter has a non-null intersection with the values space ofdrstraining_-
expression This ensures type compatibility of the values concerned.

NOTE 3 An example of the use éfee_form _assignmentis given in Example 2 of clause F.1.
5.4.6 freeform _relation

The free_form _relation entity data type is a type dfee_form_constraint representing & OOLEAN-
valued relation between the valuesmbdelparameter instances. The constraint is satisfied if the
relation has the valueruE when evaluated with current values of all the parameters involved at the time
of model exchange. Within the scope of this type of constraiotjelparameter instances listed as
reference elements are regarded as constants used in determining valuesmdttamed elements

The use of this constraint to contredtsof model parameter instances to have the same associated
value requires thequal parameter_constraint of 5.4.3 to be employed.

NOTE 1 A free_form relation may represent a directed constraint, an undirected constraint or some combi-
nation of the two (hybrid constraint). If only one constrained element is present, the constraint will always be
directed. If no reference element is present the constraint will be undirected. However, if more than one con-
strained element is present, together with one or more reference elements, some freedom will generally remain in
the determination of the values of the constrained elements after satisfaction of the constraint relation. In such a
case, what remains is an undirected relationship in which one or more of the constrained element values may be
changed and the others should adjust accordingly. The following example illustrates such a situation.

EXAMPLE 1 Three real-valuedhodel_parameter instances correspond to variablesy andz. A free_form _-
relation instance is defined in which the parameters corresponding amd y are constrained elements, and
that corresponding ta is a reference element. Aexpressionin this instance, corresponding to the relation
V(@? +y?) < 22 + 3.0, specifies the relationship between the three parameters.
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In geometric terms, ifc, y, z represent cartesian coordinates, the constraint requisasly to lie inside a circle
of radiusz? + 3. The set of all such points form the interior of the solid resulting from rotation of the parabola
x = 2% + 3 about thez-axis.

This example illustrates a hybrid constraint, directed with respect tartbéelparameter representing: but
undirected as regards the relationship betweamndy.

The behaviour is clear following modification of one constrained element — the other constrained element changes
accordingly. However, there is no uniquely defined behaviour when the reference element is modified. In such
cases a fully constrained situation may be achieved through the presence of other constraints or through user
interaction following transfer of the model.

EXPRESS specification

*
)
ENTITY free_form_relation
SUBTYPE OF (free_form_constraint);
WHERE
WR1: '1ISO13584_EXPRESSIONS_SCHEMA.BOOLEAN_EXPRESSION’ IN TYPEOF
(SELF\free_form_constraint.constraining_expression);
WR2: SIZEOF(QUERY(q <* (SELF\free_form_constraint.constrained_elements +
SELF\free_form_constraint.reference_elements) |
NOT (g IN (SELF\free_form_constraint.constraining_expression)))) = 0;
END_ENTITY;

(*

Formal propositions

WR1: The SELF\free_form_constraint.constraining expressionattribute shall be of typboolean-
expressionas defined in ISO 13584-20.

WR2: All modelparameter instances belonging to the s&ELF\explicit_constraint.constrained -
elementsandSELF\explicit_constraint.reference elementsshall participate iISELF\free_form _con-
straint.constraining_expression

NOTE 2 Abooleanexpressionis defined in 1ISO 13584-20 to be an expression whose range isdbeEAN
data type defined in ISO 10303-11 (i.e., the expression evaluatesup or FAL SE).

NOTE 3 A singlefree_form _relation instance can capture both aspects of a reciprocal dimensional relationship.
Assume that twdoound_modelLparameter instances have been defined and associated with the radius attributes
of two differentcircle instances, whose values will be denoted here bgndr.. Suppose now that that the radius

of one of the circles must always be twice that of the other. This relationship may be modelled through the use of a
constraint relation corresponding#9 = 2.0 x rZ. If both model parameters are specified as constrained elements
then this is an undirected constraint defining a reciprocal relationship. It will ensure the desired behaviour in the
receiving system, whichever of the two radii is modified.

An example of this application of thiegee_form _relation is given in Example 1 of clause F.1.
5.4.7 simultaneousconstraint_group

The simultaneousconstraint_group entity data type is a type ofariational_representation.item,
defining a set of constraints that are required to hold simultaneously. Such constraint sets may have
multiple solutions. Instances simultaneousconstraint_group are also permitted to be members of
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the set, and this allows recursive structuring of constraint groups. The embedding of instairoes of
taneousconstraint_group may reflect the sequence of stages of model creation.

EXAMPLE 1 A collection of constraints applying to a two-dimensional sketch may be represented by an in-
stance okimultaneousconstraint_group. The sketch may then be used as the basis for the creation of a three-
dimensional object participating in an assembly. A group of assembly constraints may be used to position and
orient the component in the assembly, and these form a constraint group at a higher level. However, the lower level
sketch constraints are still present in the overall definition, and if a parametric change is made at that level they
will need to be solved first, and the solution then taken into account at the higher level. For this application it is
appropriate to embed the lower level sketch constraint group in the higher-level assembly constraint group.

NOTE The time-dependent sequencing of constraints is outside the scope of this part of ISO 10303, except
insofar as it is implied by the embedding of constraint groups within each other.

EXPRESS specification

*
)
ENTITY simultaneous_constraint_group

SUBTYPE OF (variational_representation_item);

constraint_group : SET[2:?] OF constraint_group_member;
WHERE

WR1: SIZEOF(QUERY(g <* using_representations(SELF) |
SIZEOF(QUERY(r <* g.items |
(CEXPLICIT_CONSTRAINT_SCHEMA.SIMULTANEOUS_CONSTRAINT_GROUP’
IN TYPEOF(r)) AND (SIZEOF(QUERY(s <* constraint_group |
(s IN r.constraint_group) AND NOT (r :=: SELF))) > 0))) > 0)) = 0;

WR2: SIZEOF(QUERY(g <* using_representations(constraint_group[1]) |
(SIZEOF(QUERY(r <* constraint_group |
item_in_context(r,q.context_of items)))
= SIZEOF(constraint_group)))) > 0;

WR3: SIZEOF(QUERY(gq <* constraint_group |
(CEXPLICIT_CONSTRAINT_SCHEMA.EXPLICIT_CONSTRAINT' IN TYPEOF(q))
AND (SIZEOF(QUERY(r <* g.constrained_elements |
SIZEOF(QUERY(s <* constraint_group |
r IN s.reference_elements)) > 0)) > 0)))) = O;

END_ENTITY;

(*

Attribute definitions

constraint_group: A setwith members of typexplicit_constraint or simultaneousconstraint_group.

Formal propositions

WR1: Any constraint in the group shall be a member of no otiraultaneousconstraint_group.

WR2: There shall exist at least ongpresentation.context that contains all members of the group of
explicit constraints (including members of embedded groups).

WR3: No instance that serves as a constrained element in any one constraint in the group shall serve as
a reference element in any other. This restriction shall apply at each level in the constraint hierarchy, but
not between the levels defined by embedding of constraint groups.
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NOTE 1 Inthe absence of WR1, a given instancexjlicit_constraint could belong to two or more instances of
simultaneousconstraint_group. This would imply that all the constraint groups containing that constraint could

be assembled into a single, larger, constraint group. WR1 ensures that all such constraint groups are maximal, and
that such overlaps in membership cannot occur. Additionally, it ensures that a constraint that is a member of an
embedded group cannot also be a member at any other level in a constraint hierarchy.

NOTE 2 An important consequence of WR2 concerns the dimensionality of elements in shape models. The
geometric subtypes axplicit_constraint defined in clause 7 of this part of ISO 10303 are also subtypggof

metric _representationitem (see 1SO 10303-42), and have an associated dimensionality. If one or more explicit
constraints in the group ageometric_representationitem instances, then any commogpresentation.context

shared by the members must b@@ometric_representation.context — this is required by a local rule in the
definition of geometric representationitem. Then WR2 ensures that all geometric constraints in an instance of
simultaneousconstraint_group necessarily have the same dimensionality, consistent with the dimensionality of
their sharedjeometric_representation.context. The fact that WR2 applies equally to embedded constraint groups
ensures that complete hierarchies of geometric constraints are dimensionally consistent.

NOTE 3 Inthe absence OWR3 a situation could arise such as the following:

— A modelparameter with name'x’ is a reference element in a free-form constrdihtvhich has anodel -
parameter with name’y’ as a constrained element;

— Conversely, free-form constraidt uses thenodel parameter namedy’ as a reference element and that
namedx’ as a constrained element.

Here constrainf’ forbids the value associated wityi to be changed to achieve constraint satisfaction, while
constraintG similarly forbids any change in the value associated vith . Hence the value attributes of both
model parameter instances must remain fixed within the context of gieultaneousconstraint_group. This

and similar situations are avoided by requiring that no instance shall play the role of both reference and constrained
element in constraints occurring at the same level in the group. Thus any instance involved in constraints at a given
level of the constraint hierarchy must play the role of either reference element or constrained element to the group
as a whole at that level, but not both.

The situation is different in the following cases:

— It is permitted that a constrained element from an embedded constraint group at a lower level shall be a
reference element for a constraint group at a higher level;

— Inasequentially imposed set of constraints, a constrained element from one constraint may play the role of a
reference element in a succeeding constraint.

However, the representation of time-dependent sequences of constraints is out of scope of this part of ISO 10303.

EXPRESS specification

*)
END_SCHEMA; -- explicit_constraint_schema
(*
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6 Variational representation
6.1 Introduction

The following EXPRESS declaration begins the variational representation schema and identifies the
necessary external references.

EXPRESS specification

")

SCHEMA variational_representation_schema;

REFERENCE FROM geometry schema -- 1SO 10303-42
(geometric_representation_item);

REFERENCE FROM representation_schema -- ISO 10303-43
(representation,

representation_item,
representation_relationship,
using_representations);

REFERENCE FROM parameterization_schema -- ISO 10303-108
(bound_model_parameter,
fixed_instance_attribute_set,
instance_attribute_reference,
unbound_model_parameter);

REFERENCE FROM explicit_constraint_schema -- 1ISO 10303-108
(explicit_constraint,
free_form_constraint);

REFERENCE FROM explicit_geometric_constraint_schema  -- 1ISO 10303-108
(explicit_geometric_constraint);

REFERENCE FROM 1S0O13584 generic_expressions_schema - ISO 13584-20
(generic_variable);

(*

NOTE 1 The schemas referenced above can be found in the following Parts of ISO 10303:

geometry _schema ISO 10303-42
representation _schema ISO 10303-43
parameterization _schema clause 4 of this part of ISO 10303
explicit  _constraint  _schema clause 5 of this part of ISO 10303

explicit ~ _geometric _constraint _schema clause 7 of this part of ISO 10303
ISO13584 _generic _expressions _schema ISO 13584-20

NOTE 2 See annex D, Figure D.4, for a graphical presentation of this schema.
6.2 Fundamental concepts and assumptions

This schema provides the entity data typeational _representationfor the representation of a varia-
tional model, characterized by the presence of explicitly represented parameters and constraints. Such
a model may be considered to represent a family of related non-variational models. A ‘current result’
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is associated with a variational model; it is that member of the represented family corresponding to the
current values of all the parameters. Different members of the family can be derived by variation of those
parameter values, subject to the imposed constraints.

NOTE 1 It is important to distinguish between explicitly represented parameters and constraints and the im-
plicit parameters and constraints inherent in procedural models. In a procedural model, parameters occur as input
arguments of constructional operations, and constraints are inherent in the nature of those operations.

The relationship between an instancevafiational _representation and its current result is that the
second is entirely contained within the first. Alternatively, the information regarding parameters and
constraints may be considered to constitute a wrapper surrounding the current result, which may take
either of two forms:

a) An explicit model represented in terms of its constituent elements;

b) A procedural or construction history model represented in terms of the operations used to construct
it. Such representations are defined in ISO 10303-55 (see also annex E of this part of ISO 10303).
In most such cases the model will be of the hybrid type in which some constructional operations
are performed on explicitly defined elements such as the sketches specified in clause 8 of this part
of ISO 10303, which may have associated variational information. In other cases the constructional
operations will be defined in terms of explicit supporting elements such as points and directions,
and variational relationships may be imposed between such elements.

A new abstract subtype of the ISO 10303-43 entity data trgpeesentation.item has been introduced

to distinguish between variational and non-variational data, navaelgtional _representation.item,

as defined in clause 6.3.1 of this schema. Its instantiable subtypes imdddéparameter, explicit_-
constraint and other related entities. In an instancevafiational _representation, all instances of
representation.item occurring in the wrapper are required also to be of tygéational _representa-
tion_item. Conversely, no instance ofpresentationitem used directly or indirectly by the current
result is permitted to have the typariational _representation.item. This makes a clear distinction be-
tween the non-variational current result model being transferred and the variational information used to
control its behaviour if it is edited in the receiving system.

NOTE The structure of &ariational _representationis shown diagrammatically in Figure 3.

The relationship between a variational representation and its embedded current result, both of which
shall be separately instantiated, is captured by the entity dateasiponal _current_representation -
relationship (see clause 6.3.4), a subtype@bresentation relationship as defined in ISO 10303-43.

The additional entity data typmuxiliary _.geometric.representation.item is defined in clause 6.3.2 for
the representation of geometric elements that are used as reference elements in constraints in the varia-
tional representation but that do not belong to the current result.
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variational_representation

WRAPPER:
Parameterswith current values,
parameter relationships,
constraints (variational_-
representation_items ONLY)

CURRENT RESULT
representation with
NO variational_rep-
resentation_items

representation_item instances
belonging to the current result
arealsoincluded in the
variational_representation

Figure 3 — Embedding of a current result representation in a
variational _representation

6.3 Variational representation entity definitions
6.3.1 variationalrepresentation.item

The abstract entity data typariational _representation.item is a type ofrepresentation.item. It de-

fines an element of a representation that does not affect the static characteristics of a transferred model
at the time of transfer, but that has the potential to control its behaviour when the model is edited in a
receiving system following a transfer.

EXAMPLE Instantiable subtypes afiodel parameter as defined in clause 4 aredplicit_constraint as defined
in clause 5 are examples @ériational representation.item.

No instance ofvariational_representation.item shall occur in any representation that is not of type

variational _representation Every instance ofariational _representation.item used by an instance of
variational _representationshall be a member of the setitdms of that representation.

EXPRESS specification

*

)

ENTITY variational_representation_item
ABSTRACT SUPERTYPE OF (auxiliary_geometric_representation_item)
SUBTYPE OF (representation_item);

WHERE
WR1: SIZEOF(QUERY(g <* using_representations(SELF) |
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NOT ('VARIATIONAL_REPRESENTATION_SCHEMA.VARIATIONAL_REPRESENTATION’
IN TYPEOF(q)))) = O;
WR2: SIZEOF(QUERY(g <* using_representations(SELF) |
NOT (SELF IN q.items))) = O;
END_ENTITY;

(*

Formal propositions

WR1: No instance of/ariational _representation.item shall occur in any representation that is not of
typevariational _representation

WR2: Every instance afepresentationthat uses a given instancewafriational _representation.item
shall reference it directly, i.e., shall include it as a member dtkitss attribute.

6.3.2 auxiliary_geometric representation.item

The entity data typauxiliary _geometric representation.item is a type ofgeometric representation.-

item and also a type ofariational_representation.item. It provides a representation for geometric
elements that exist in\aariational _representationfor use as reference elements in constraints but are
not part of the current representation.

EXAMPLE A dimensional constraint may specify the half-width of a rectangular-section slot as the distance of
each wall from the mid-plane of the slot. In this case the plane concerned is not part of the geometry of the slot, or
of the part it exists on, but is used as a reference element in the dimensional constraint. The current result contains
details of the part geometry, but not the specification of the slot mid-plane. That is provided in the variational
wrapper as an instance alixiliary _geometric_representation.item, together with the dimensional constraint

using it as a reference element.

NOTE The imported points and curves defined in clause 8 of this part of ISO 10303 provide further examples of
auxiliary _geometric_representationitem.

EXPRESS specification

*
)
ENTITY auxiliary_geometric_representation_item
SUBTYPE OF (geometric_representation_item,
variational_representation_item);
END_ENTITY;

(*
6.3.3 variationalrepresentation

Thevariational _representation entity data type defines a type of representation containing parameter-
ization and constraint information that may be used to edit the model, following a transfer, in a manner
consistent with the designer’s original intent.

EXAMPLE 1 A model of a table has a parameter naniedssociated with its length. It is required that the
maximum unsupported length between pairs of legs is 1.5 metres. Thus the number of legs supporting the table
top will depend upon the value df. A model is transferred for whiclh, has the value 1.2 metres and the table

has four legs — this is the ‘current result’. Associated with the current result is the definition of the parameter
L and the mathematical relation involvingthat is used to determine the number and (equal) spacing of pairs of
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legs. The model as received following a transfer is that of the current result. However, the associated information
allows this model to be edited in the receiving system by varyinm which case the number of legs should adjust
automatically, and the current result will change accordingly. In both the initial and the final staterthgonal _-
representationincludes the current result model together with variational information permitting it to be edited
intelligently.

EXPRESS specification

*
)
ENTITY variational_representation
SUBTYPE OF (representation);
INVERSE
cm_link : variational_current_representation relationship FOR rep_1;
WHERE
WR1: SIZEOF(QUERY(q <* SELF\representation.items |
'VARIATIONAL_REPRESENTATION_SCHEMA.VARIATIONAL_REPRESENTATION_ITEM’
IN TYPEOF(q))) > O;
WR2: SIZEOF(QUERY(q <* (SELF\representation.items -
cm_link.rep_2.items) | invalidate_vrep_item(q))) = O;
END_ENTITY;

(*

Attribute definitions

cm_link: The instance ofariational _current_representation.relationship linking avariational _rep-
resentationinstance with its associated current result.

Formal propositions

WR1: At least one instance ofpresentationitem referenced by &ariational _representation shall
be of typevariational _representation.item.

WR2: Every instance ofariational _representation.item occurring in a variational representation shall
be valid in the sense specified in clause 6.4.1, where the funictialidate_vrep_item is defined.

NOTE 1 A wHERE rule of the entityvariational representationitem (see clause 6.3.1) requires that any in-
stance ofvariational _representationitem occurring in an instance ofariational _representationis directly ref-
erenced as a member of thems attribute of that representation.

NOTE 2 In the case of a shape model the current result may include instangesmietric representation.-
item. In that case avHERE rule of geometric.representation.item requires the associatedpresentation.con-
text shared by theariational _representationand its embedded current result to be of tgmometricrepresen-
tation _context These entity data types are defined in ISO 10303-42.

EXAMPLE 2 An instance oheutral _sketch.representation (see clause 8.4.9) defines a rectangle with length

12 units and width 7 units, in terms of low-level geometric elements. This is the ‘current result’. Associated with
the rectangle are instancespgc_with _dimension(see clause 7.4.4) enforcing parallelism between opposite pairs

of sides of the rectangle, anmkrpendicular_geometric constraint (see clause 7.4.21) relating a pair of adjacent
sides. Further, instances bbund_modelLparameter (see clause 4.4.2) are bound to ttieplacementvalue
attributes of the two parallelism constraints. These parameter and constraint instances constitute the variational
information associated with the sketch. The sketch as received after a transfer corresponds to the current result.
However, the associated variational information ensures that if the sketch is edited following the transfer, by vari-
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ation of the values of the model parameters, it retains a rectangular form. The current result and the variational
information together comprise an instancevafiational _shaperepresentation Because the current result con-

tains explicit geometric elements and is two-dimensional, both it and its contaiairigtional _representation

share ageometric representation context whosecoordinate spacedimensionattribute has the value 2.

6.3.4 variational. current_representation.relationship
The variational _current_representation.relationship entity data type is a type ag&presentation. -

relationship that defines the relationship betweevaaational _representationand its embedded non-
variational ‘current result’ representation.

EXPRESS specification

*
)
ENTITY variational_current_representation_relationship
SUBTYPE OF (representation_relationship);
SELF\representation_relationship.rep_1
. variational_representation;
current_result : representation;
UNIQUE
UR1: current_result;
WHERE
WR1: QUERY(q <* SELF\representation_relationship.rep_1l.items | NOT
(VARIATIONAL_REPRESENTATION_SCHEMA.VARIATIONAL_REPRESENTATION_ITEM’
IN TYPEOF(q))) = SELF\representation_relationship.rep_2.items;
WR2: SELF\representation_relationship.rep_1.context_of items :=:
SELF\representation_relationship.rep_2.context_of items;
WR3: SIZEOF(QUERY(q <* SELF\representation_relationship.rep_2.items |
'VARIATIONAL_REPRESENTATION_SCHEMA.VARIATIONAL_REPRESENTATION_ITEM’
IN TYPEOF(q))) = O;

WR4: TYPEOF(SELF\representation_relationship.rep_1) -
TYPEOF(SELF\representation_relationship.rep_2) =
[VARIATIONAL_REPRESENTATION_SCHEMA.VARIATIONAL_REPRESENTATIONY;

WRS5: current_result :=: SELF\representation_relationship.rep_2;

END_ENTITY;

(*

Attribute definitions

SELF\representationrelationship.rep_1: Thevariational _representation
SELF\representation relationship.rep_2: The embedded current result representation.

current_result: The representation defining the current result model.

Formal propositions

URL1: The representation instance referenced by the attribat@rrent_result shall not occur as the
current result of any other instancevafriational _current_representation.relationship.

WR1: The set of instances oépresentation.item that are directly referenced by the current result
representation shall be identical with the set of non-variational instanmgedentation.item that are
directly referenced by the containimgriational _representation
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WR2: The related representations shall share the sapnesentation.context

WR3: The instances akpresentation.item that are directly referenced by the current remgdtesen-
tation shall contain no instances wdriational _representation.item.

WR4: The type list of the variational representation shall be identical to that of the related current result
except that it shall also includeriational _representation

WRS5: The uniqueaepresentationinstance referenced by the attribaterent result shall be identical
with the representation referenced by the attribepe? of the supertypeepresentation relationship.

NOTE 1 The combination of UR1 and WR5 ensure that no two variational representations share the same current
result model. This is appropriate because the current result is a representative example of the class of models
defined by thevariational _representation and in particular it is determined by the current values of all parameters

in that representation. It is unlikely that any two different instancesvasfational _representation will yield

identical current results, and even if this were to happen it would probably be by chance rather than by design.

NOTE 2 This part of ISO 10303 makes no provision for the specification of relationships between

— differentinstances ofariational _representationderived from an original instance gériational _represen-
tation by modification of parameter values, i.e., between different members of the same part family;

© — instances ofariational representationin which different current results have resulted from identical vari-
ational information but different choices of constraint solutions.

i Such relationships may be defined in other parts of ISO 10303 that use or specialize entities from this schema.
6.4 Variational representation function definitions
6.4.1 invalidatevrep_item

Theinvalidate_vrep_item function determines whether an instanceafational _representation.item
participating in avariational _representationis invalid. Valid cases are defined as follows:

a) A valid instance obound_modelparameter shall be bound to an attribute of some instance used
by all the representations in which the model parameter participates.

b) A valid instance ofinbound_model parameter shall participate as a reference element or a con-
strained element in at least one instandeeaf form _constraint occurring in all the representations
in which the model parameter participates.

c) Avalid instance ofixed_instanceattribute _setshall reference no attribute of any instance that is
not used by all the representations in which the fixed instance attribute set participates.

d) A valid instance oexplicit_constraint shall specify no reference element or constrained element
that is not an instance used by all the representations in which the explicit constraint participates.

e) Avalid instance ouxiliary _geometricrepresentation.item shall participate as a reference ele-
ment in at least one instance e{plicit_geometric.constraint, for every representation in which
the auxiliary geometric representation item participates.

NOTE An instance ofuxiliary _geometricrepresentationitem may also participate as@nstrainedelement

in an instance okxplicit_geometric.constraint in a case where, for example, it is positioned with respect to
another instance @uxiliary _geometric representationitem. Itis therefore possible to define chains of auxiliary
geometric elements in which each member except the first is constrained with respect to its predecessor.
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The function tests for all the above conditions in the order given, and ratRusisas soon as one of
them is found not to be satisfied. If all are satisfied the function rekannse and the tested instance of
variational _representation.item is accepted as valid.

EXPRESS specification

%)

FUNCTION invalidate_vrep_item(item : variational_representation_item)

: BOOLEAN;
LOCAL
reps : SET[1:?] OF representation := using_representations(item);
svri : SET[1:?] OF variational_representation_item;
iar . instance_attribute_reference;
i . INTEGER;
n . INTEGER := HIINDEX(reps);
END_LOCAL;

IF (PARAMETERIZATION_SCHEMA.BOUND_MODEL_PARAMETER’ IN TYPEOF(item))
THEN
IF 'PARAMETERIZATION_SCHEMA.INSTANCE_ATTRIBUTE_REFERENCE’
IN TYPEOF(item\generic_variable.interpretation.semantics)
THEN
BEGIN
iar := item\generic_variable.interpretation.semantics;
IF (reps <> using_representations(iar.owning_instance))
THEN
RETURN(TRUE);
END_IF;
END;
ELSE RETURN(TRUE); -- parameter not attached to an instance attribute
END_IF;
END_IF;

IF (PARAMETERIZATION_SCHEMA.UNBOUND_MODEL_PARAMETER’ IN TYPEOF(item))
THEN
BEGIN
REPEAT i := 1 TO n;
svri := QUERY(q <* reps[i].items |
'EXPLICIT_CONSTRAINT_SCHEMA.FREE_FORM_CONSTRAINT' IN TYPEOF(Qq));
IF SIZEOF(QUERY(r <* svri |
item IN (r.reference_elements + r.constrained_elements))) = 0
THEN
RETURN(TRUE);
END_IF;
END_REPEAT;
END;
END_IF;

IF (PARAMETERIZATION_SCHEMA.FIXED_INSTANCE_ATTRIBUTE_SET’
IN TYPEOF(item))

THEN
REPEAT i := 1 TO SIZEOF(item.fixed_attributes);
IF (reps <> using_representations(item.fixed_attributesi]))
THEN

RETURN(TRUE);
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END_IF;
END_REPEAT;
END_IF;

IF (EXPLICIT_CONSTRAINT_SCHEMA.EXPLICIT_CONSTRAINT' IN TYPEOF(item))
THEN
IF SIZEOF(QUERY(q <*
(item.reference_elements + item.constrained_elements) |
reps <> using_representations(q))) > 0
THEN
RETURN(TRUE);
END_IF;
END_IF;

IF (VARIATIONAL_REPRESENTATION_SCHEMA.
AUXILIARY_GEOMETRIC_REPRESENTATION_ITEM' IN TYPEOF(item))
THEN
BEGIN
REPEAT i := 1 TO n;
svri := QUERY(q <* reps[i].items |
'EXPLICIT_GEOMETRIC_CONSTRAINT_SCHEMA.
EXPLICIT_GEOMETRIC_CONSTRAINT' IN TYPEOF(q));
IF SIZEOF(QUERY(r <* svri |
item IN r.reference_elements)) = 0
THEN
RETURN(TRUE);
END_IF;
END_REPEAT;
END;
END_IF;

RETURN(FALSE); -- no invalid cases have been found
END_FUNCTION;
(*

Argument definitions

item: The instance ofariational _representation.item to be tested for invalidity.

EXPRESS specification

")
END_SCHEMA; -- variational_representation_schema

(*
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7 Explicit geometric constraint
7.1 Introduction

The following EXPRESS declaration begins the explicit geometric constraint schema and identifies the
necessary external references.

EXPRESS specification

%)

SCHEMA explicit_geometric_constraint_schema;

REFERENCE FROM measure_schema -- 1SO 10303-41
(length_measure,
plane_angle_measure,
positive_length_measure);

REFERENCE FROM geometry schema,; -- 1SO 10303-42

REFERENCE FROM geometric_model_schema -- 1SO 10303-42
(extruded_area_solid,
extruded_face_solid,
revolved_area_solid,
revolved_face_solid,
right_circular_cone,
right_circular_cylinder,
sphere,
swept_area_solid,
swept_face_solid,
torus);

REFERENCE FROM representation_schema -- ISO 10303-43
(representation_item_relationship);

REFERENCE FROM explicit_constraint_schema -- 1ISO 10303-108
(defined_constraint,
explicit_constraint);

(*

NOTE 1 The schemas referenced above can be found in the following Parts of ISO 10303:

measure _schema ISO 10303-41
geometry _schema ISO 10303-42
geometric _model _schema ISO 10303-42
representation _schema ISO 10303-43

explicit ~ _constraint _schema clause 5 of this part of ISO 10303

NOTE 2 See annex D, Figures D.5 — D.14, for a graphical presentation of this schema.
7.2 Fundamental concepts and assumptions

This schema provides resources for the specification of explicit geometric constraints, including dimen-
sional constraints, between geometric elements of a shape model. These elements are instances of sub-
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types ofgeometric representationitem (as defined in ISO 10303-42), the particular set of valid sub-
types differing from one constraint type to another. In most cases they are simple geometric types such
as points, curves, surfaces and their specializations. Constraints between topological elements may be
defined indirectly, in terms of their associated geometry. More generally, the fundamental concepts and
assumptions stated in 5.2 of tleplicit_constraint_schema(see clause 5) apply in this schema also.

EXAMPLE 1 Examples of the relations that can be asserted between geometrical elements include parallelism
of a line with a plane, tangency of two circles, and symmetry of two general surfaces with respect to a plane.

NOTE Geometric constraints may define relationships between elements that either

— belong to the product shape model,

— define auxiliary or constructional geometry, used in constructing that shape but not part of it.

An important use is the assertion of relationships between these two kinds of elements.

All the constraints defined in this schema are subtypexglicit_geometric constraint as defined in
clause 7.4.1, which is itself defined as a subtype of the ISO 10303-42 entity datgetypetric -
representation.item. These constraints therefore have an associated dimensionality, which is required
in any particular constraint instance to be the same as that of all the geometric elements involved.

The entity data typexplicit_geometric constraint is also a subtype afefined constraint, as specified

in clause 5.4.2. Such a constraint is specified in descriptive geometric terms, the assumption being that
it is universally implemented in shape modelling systems, which have a precise understanding of its
semantics. Thus when a model with explicit geometric constraints is transferred into a receiving system,
the transmitted descriptive form can be reformulated in the explicit mathematical manner best suited to
the nature of the receiving system’s constraint solver.

EXAMPLE 2 The statement that a line is tangent to two nonconcentric circles is an example of a descriptive
geometric constraint. It can be captured and transferred with a shape model using an instance of the explicit
geometric constrairthngent geometric_constraint specified in clause 7.4.24 of this schema. This instance simply
provides references to the line and the two circles involved; some additional information can be provided to select
one of the four possible cases of a line tangent to two given circles. However, in mathematical terms the line and
the two circles are expressible by algebraic equations. The constraint may therefore be formulated as an explicit
mathematical relationship involving the coefficients of these three equations, requiring that the distance of the
line from the centre of each circle is equal to the circle’s radius. The resulting equation may or may not give
the appropriate representation of the constraint for the receiving system. That system is expected to interpret the
descriptive form of the constraint and reformulate it automatically in a convenient form for its internal constraint
solver, for solution together with other constraints applying in the particular geometric configuration concerned.

The constraints defined in this schema are valid in both two and three dimensions. At the time of writing,
two-dimensional constraints are used in CAD systems mainly in the representation of two-dimensional
sketches (the representation of sketches is dealt with in clause 8 of this part of ISO 10303). Three-
dimensional constraints are applicable in 3D sketches defined on general planes in model space, in the
positioning and orientation of features in part models and in the positioning and orientation of part
models in assembly models. Except in the assembly model case, individual geometric elements within a
part model are constrained with respect to each other, and the model may therefore deform as a result of
parametric changes made to it. In the assembly case the constraints apply between geometric elements
belonging to distinct part models, each regarded as a rigid ensemble of such elements. In an assembly
model it is therefore not the part models that deform, but rather the overall configuration of assembly
constituents. The constraints specified in the present schema are intended to serve for either purpose.
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The schema includes representations for specific kinds of dimensional constraints, which are explained
in some detail in clause 7.2.1.

Abbreviated names are used in the identifiers of certain of the entity data types declared in this schema.
Prefixes used in these identifiers have the following meanings:

pgc paralle_geometric constraint

pdgc point.distance geometric.constraint
cdgc curvedistance geometric.constraint
sdgc surfacedistance geometric.constraint
rgc radius_geometric_constraint

clgc curvelength_geometric constraint
pogc paralleLoffset geometric.constraint
agc anglegeometric constraint

The abbreviations are used to shorten the identifiers of dimensional subtypes of the entity data types
occurring in the right-hand column, to facilitate their use in domameRE) rules.

7.2.1 Dimensional constraints

The dimensional capabilities provided in this schema are valid in either two or three dimensions. Their
two dimensional cases cover the requirements of parametric drawings. The use of the entity data type
fixed_instanceattribute _setspecified in clause 4.4.8 also allows the representation of fixed dimensions

in traditional non-parametric drawings in a manner consistent with existing standards on draughting
conventions.

All the constraints defined in this part of ISO 10303 are logical in the sense that they make assertions
that are eitheTRUE, FALSE or UNKNOWN. In principle, only the first two of those values apply, though

in practice the limitations of computational processes may sometimes make it impossible to judge the
validity of a constraint. However, a distinction is made in this schema between jogiiebl constraints
anddimensionalconstraints. The former require some unquantified condition to apply (such as paral-
lelism of lines or tangency of curves), while the latter prescribe a numerical value for a dimension. In this
schema, some dimensional constraints are specified as subtypes of logical constraints because the logical
condition must first apply before the dimensional value has any significance. Thus the supertype asserts
the logical relationship between elements, and the dimensional subtype quantifies that relationship.

EXAMPLE 1 A constraint on the distance between two planes is meaningless unless those planes are parallel.
Here parallelism is the logical condition.

For the purposes of this schema, a constraint is regarded as dimensional if it specifies an explicit numer-
ical value for a dimension. All others are logical constraints.

EXAMPLE 2 The requirement for a line to be tangent to a circle is an example of a logical constraint, and the
requirement that a circle has a radial dimension of 10 units is an example of a dimensional constraint.

While the distinction between logical and dimensional constraints is adequate for the purposes of this
part of ISO 10303, it is recognized to be slightly arbitrary, as shown by the following example.

EXAMPLE 3 Circle 1 is required to have the same radius as Circle 2, which has a numerically specified radius
dimension. The constraint can be viewed in either of two lights, as follows:

a) The radius of Circle 2 has a numerical value, and hence the constraint is equivalent to specifying a value for
the radius of Circle 1. Then this is a dimensional constraint;
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b) Alternatively, the radii of Circles 1 and 2 are required to be equal, and this is either true, false (or possibly
unknown) in the model. Then the constraint is logical.

NOTE A futher distinction made in the dimensioning and tolerancing community is that betwearsic and
relational dimensions. These are sometimes referred to alternativetiirmsnsions of sizand dimensions of
location, respectively. In the first only one element is involved, and the dimension is an inherent property of that
element. In the second, two elements are involved and the dimension specifies a relationship between them.

Both types of dimension occur in the present schema. For example,

rgc_with _dimension: This constraint, defined in 7.4.14, is a subtyperadiius_geometric_constraint. It
specifies a dimension of size, the radius of a circle. It makes no reference, implicit or explicit, to any element
that is not part of the definition of the circle;

pgc_with _dimension: This constraint, defined in 7.4.4, is a subtypepafallel_geometric.constraint that
can be used to specify a dimension of location. In its directed form, a reference line or plane will act as a
datum element and the dimension will control the location of another line or plane with respect to the datum.

Currently there is no specialized treatment of these two types of dimension in this part of ISO 10303, but more
prominence may be given to the distinction between them in future editions if that is found to be desirable.

7.2.2 Semantics of dimensional constraints

This part of ISO 10303 defines a dimension in terms of the numerical value of an attribute of certain entity
data type instances. The type of the numerical value may be onesgf thet values ofmeasurevalue
as defined in ISO 10303-41.

A dimensional attribute may have an associdtednd_modelLparameter or belong to afixed_in-
stanceattribute _set(see clause 4).

If referenced by an instance lmbund_model parameter, the dimensional attribute is potentially subject
to modification in the receiving system, subject to restrictions imposed by

— the parameter’s specified domain;
— any free-form constraints in which the parameter participates;

— any explicit geometric or other constraints that affect the entity instance to which the attribute be-
longs.

Alternatively, if a numerical attribute defining a dimension is a membeffigéd_instance attribute _-
set the intention is that it should be constrained to be invariant in the receiving system.

EXAMPLE 1 A boundmodelparameter may be associated with a dimensional value in a shape model, but an
unboundmodel_parameter, by definition, has no such direct association. For examplextie@ndz dimensional
attributes of @lock solid, as defined in ISO 10303-42, may be associated with bowstel parameter instances

with name attributed W’  and’H’ respectively. Then relations = T2, W = 2T andH = 2 + cos1 may

be modelled byfree_form _assignmentconstraints, in whicl" represents an unboumdodel parameter named

"T" . This unbound parameter will not be directly associated with a dimension, though it will indirectly control the
values of three dimensions.

EXAMPLE 2 Inthe previous example, the dimensions of the block can only be changed by editing the parameter
namedT' . This is because the values of the parameters ndmgd/’,'H’ are specified through free-form
assignments in whicll”  is the reference element and they are constrained elements. In such a case the values of
the constrained elements can only be edited by changing the value of the reference element. This shows that the
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value of a dimensional attribute having a bound parameter cannot always be edited directly. Account must always
be taken of other constraints in which the parameter participates.

Finally, it should be emphasized once again that logical or dimensional constraints in a shape model are
redundant for purposes of static model transfer. They do not affect the shape of the exchanged model.
The assertions they make are expected to be true when a model is exchanged, their effect only becoming
apparent when that model is modified in the receiving system. In that event they are intended to govern

the nature of the permissible changes that may be made to it.

7.2.3 Constraints on procedurally defined model elements

ISO 10303-42 contains representations for certain types of geometric modelling elements that have a
procedural nature; that is, their geometry is not explicitly defined. Examples include the following:

offset curves and surfaces:These are defined in terms of a base element (a curve or a surface) and
an offsetting operation;

swept surfaces and solidsthese are similarly defined in terms of a base element (a curve or a
face) and a sweep operation.

If such an element is captured and transferred into a receiving system, provided the instance of the base
entity data type and the nature of the operation performed on it are transferred satisfactorily, its exchange
should in principle present no problems. However, difficulties potentially arise when explicit representa-
tions are computed from the implicit or procedural representations. There is no provision in ISO 10303-
42 to ensure that the editing of the base element, or of the parameters of the operation performed upon
it, will give rise to appropriate changes in the calculated explicit representation. For this reason, several
constraints are defined in this schema to ensure the maintenance of compatibility between implicit and
explicit representations under such circumstances. They ingardel offset geometric constraint,
sweptpoint_curve_geometric.constraint andswept.curve_surface.geometric constraint, as defined
in7.4.17, 7.4.26 and 7.4.27 respectively.

7.3 Explicit geometric constraint type definitions
7.3.1 geometricconstraint_element
Thegeometric.constraint_elementtype allows a selection between the major subtypegometric -

representation.item that are subject to explicit geometric constraints, namely points, curves, surfaces,
vectors and directions.

EXPRESS specification

*
)
TYPE geometric_constraint_element = SELECT
(point,
curve,
surface,
vector,
direction);
END_TYPE;
(*
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7.3.2 pointcurve_or_surface constraint_element

The point_curve_or_surface constraint_elementtype allows a selection between entity data types that
represent points, curves or surfaces.

EXPRESS specification

*

)

TYPE point_curve_or_surface_constraint_element = SELECT
(point,
curve,
surface);

END_TYPE;

(*
7.3.3 curveor_surface constraint_element

Thecurve_or_surface constraint_elementtype allows a selection between entity data types that repre-
sent curves or surfaces.

EXPRESS specification

*

)

TYPE curve_or_surface_constraint_element = SELECT
(curve,
surface);

END_TYPE;

(*
7.3.4 lineargeometry_constraint_element

Thelinear_geometry_constraint_elementtype allows a selection between entity data types representing
lines, planes, directions and vectors.

EXPRESS specification

*
)
TYPE linear_geometry constraint_element = SELECT
(line,
plane,
direction,
vector);
END_TYPE;

(*
7.3.5 radiaLgeometry constraint_element

Theradial _geometry constraint_elementtype allows a selection between entity data types representing
circles, cylindrical surfaces, spherical surfaces, right circular cylinders and spheres. All of these are
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characterised in terms of a single radius value except for

— conicalsurface which has an additionaemiangleattribute;
— right _circular _cylinder, which has an additiondleight attribute;

— right _circular _cong which has both additional attributes.

EXPRESS specification

*

)

TYPE radial_geometry constraint_element = SELECT
(circle,
cylindrical_surface,
conical_surface,
spherical_surface,
right_circular_cylinder,
right_circular_cone,
sphere);

END_TYPE;

(*

7.3.6 axialgeometry_constraint_element

The axial_geometry_constraint_elementtype allows a selection between entity data types representing
points, lines, circles, and surfaces and solids having an axis of rotational symmetry.

EXPRESS specification

*
)
TYPE axial_geometry constraint_element = SELECT
(point,
line,
circle,
plane,
cylindrical_surface,
conical_surface,
spherical_surface,
toroidal_surface,
surface_of revolution,
sphere,
right_circular_cone,
right_circular_cylinder,
torus,
revolved_face_solid,
revolved_area_solid);
END_TYPE;
(*
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7.3.7 sweptsurface or_solid
Thesweptsurface or_solid type allows a selection between all the procedurally defined swept surfaces

and volumes specified in ISO 10303-42.

EXPRESS specification

*

)

TYPE swept_surface_or_solid = SELECT
(swept_surface,
swept_face_solid,
swept_area_solid);

END_TYPE;

(*

7.3.8 tangenicontact type

The typetangent contact type enumerates the different types of tangency relationships that are possible
between curves and surfaces.

EXPRESS specification

*

)

TYPE tangent_contact_type = ENUMERATION OF
(point_contact,
curve_contact,
surface_contact);

END_TYPE;

(*

Enumerated item definitions

point_contact: Tangency occurs at an isolated point;
curve_contact: Tangency occurs along a finite line or curve segment;

surface.contact: Tangency occurs over a finite surface region.

EXAMPLE The second of these conditions could occur if two different composite curves each happened to have
a segment lying on same parent curve. An analogous situation for composite surfaces could give rise to the third
condition.

7.3.9 paralleLoffset type

The typeparallel_offset.type enumerates the different types of parallel offset relationships defined in
ISO 10303-42.
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EXPRESS specification

*

)

TYPE parallel_offset_type = ENUMERATION OF
(curve_2d_offset,
curve_3d_offset,
surface_offset);

END_TYPE;

(*

Enumerated item definitions

curve_2d_offset: The parallel offset relationship applies to planar curves, all defined in the same plane;

curve_3d_offset: The parallel offset relationship applies to three-dimensional curves (see the explana-
tionin 7.4.17);

surface.offset: The parallel offset relationship applies to surfaces.
7.3.10 nonnegative length_measure
The non_negativelength_measuretype defines a type déngth_measurewhose value is greater than

or equal to zero.

EXPRESS specification

*
)
TYPE non_negative_length_measure = length_measure;
WHERE
WR1: SELF >= 0;
END_TYPE;

(*

NOTE This type olength_measureis appropriate for constraining distances between components in assemblies,
which may be in actual contact with each other.

7.4 Explicit geometric constraint entity definitions

7.4.1 explicitgeometric.constraint

The entity data typexplicit_geometric.constraint is a type ofexplicit_constraint that asserts relation- :
ships between elements of a geometric model in descriptive terms. Such constraints in general have two
forms: :

directed: in which all members of a set or list of constrained geometric elements are constrained
with respect to one or more reference elements;

undirected: in which there is no reference element and the constraint is required to hold between
all possible pairs of a set of constrained geometric elements.

NOTE 1 Constraints of these two kinds are sometimes alternatively referred to respectiagsiynasetricabnd
symmetrical
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EXPRESS specification
“)

ENTITY explicit_geometric_constraint
ABSTRACT SUPERTYPE OF (ONEOF
(fixed_element_geometric_constraint,
parallel_geometric_constraint,
point_distance_geometric_constraint,
skew_line_distance geometric_constraint,
curve_distance_geometric_constraint,
surface_distance_geometric_constraint,
radius_geometric_constraint,
curve_length_geometric_constraint,
parallel_offset_geometric_constraint,
angle_geometric_constraint,
perpendicular_geometric_constraint,
incidence_geometric_constraint,
coaxial_geometric_constraint,
tangent_geometric_constraint,
symmetry_geometric_constraint,
swept_point_curve_geometric_constraint,
swept_curve_surface_geometric_constraint,
curve_smoothness_geometric_constraint,
surface_smoothness_geometric_constraint))
SUBTYPE OF (defined_constraint, geometric_representation_item);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF geometric_representation_item;
SELF\explicit_constraint.reference_elements
SET[0:?] OF geometric_representation_item;
END_ENTITY;
(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of constrainegeometric representation.-
item instances.

SELF\explicit_constraint.reference elements: If not empty, the set ofeometricrepresentation.-
item instances upon which the constrained elements are dependent in a directed constraint.

NOTE 2 1SO 10303-43 ensures that a representation using an instameglafit_geometric_.constraint also

uses the members of the setsnstrained elementsandreferenceelementspertaining to that instance. Conse-
guently, these elements all share the same instancespofsentation.context. Becauseexplicit_geometric.-
constraint is a subtype ofjeometric.representationitem, these representation context instances will be of the

ISO 10303-42 typgeometricrepresentation.context, which has a dimensionality attribut®ordinate_space-
dimension The ISO 10303-42 global ruleompatible_dimensionrequires that all items in geometric.repre-
sentation.contexthave the same dimensionality. This ensures that all the constrained and reference elements have
the same dimensionality as the instancexlicit_geometric.constraint that references them.

7.4.2 fixedelementgeometric.constraint

The fixed_elementgeometric.constraint entity data type is a type @xplicit_geometric.constraint
asserting that a set geometric constraint_elementinstances are invariant in the sense that the values
of all their attributes are fixed.

NOTE An important use of this constraint is to anchor constrained configurations in space, to avoid constraint
equations having infinitely many solutions due to the existence of translational or rotational degrees of freedom.
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EXPRESS specification

*
)
ENTITY fixed_element_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF geometric_constraint_element;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set ojeometric constraint_elementinstances
whose attributes are frozen by the constraint.

Formal propositions

WR1: No reference elements participate in fixed_elementgeometric constraint.
7.4.3 paralleLgeometric.constraint

Theparallel_geometric constraint entity data type is a type ekplicit_geometric constraint asserting

that the members of a set of two or méireear_geometry.constraint_elementinstances (lines, planes,
directions or vectors) are mutually parallel. A reference element may be provided; the constraint is
directed if this is the case, and undirected if not.

Lines, directions and vectors are regarded as parallel if their directions are either equal or opposite;
similarly, planes are parallel if their normal directions are either equal or opposite. Parallelism of a
line, direction or vector instance with a plane requires perpendicularity of its direction with respect to
the plane normal. If both planes and other permissible elements both occur in the constraint, all lines,
directions and vectors shall be mutually parallel, all the planes shall be mutually parallel and the lines,
directions and vectors shall be parallel to the planes.

EXPRESS specification

*
)
ENTITY parallel_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF linear_geometry_constraint_element;
SELF\explicit_constraint.reference_elements
SET[0:1] OF linear_geometry constraint_element;
END_ENTITY;

(*
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Attribute definitions

SELF\explicit_constraint.constrained elements: The set of constrained elements.

SELF\explicit_constraint.referenceelements: If present, thelinear_geometry.constraint_element
instance with which the members of the set of constrained elements are constrained to be parallel.

NOTE 1 Axial lines of axial_geometric.constraint elements may be constrained in terms of their direction
attributes to be parallel to oth&near_geometry_constraint_elementinstances.

NOTE 2 This constraint can also be used to constrain the direction attributes of axis placements. A related use
is the constraining of lines to be horizontal or vertical in two-dimensional sketches as defined in clause 8.

7.4.4 pgcwith _dimension

The pgc.with _dimensionentity data type is a type glarallel_geometric constraint (see clause 7.4.3)
asserting a value for the distance between two parallel line or plane instances. If the elements concerned
are a line and a plane, the distance between them shall be measured in the direction of their common
normal.

Distance from a reference plane shall be measured in the direction of the normal to the plane unless the
BOOLEAN attributenegative direction has the valugrUE. For all other cases this attribute shall have

the valuerAL SE.

NOTE The distance between constrained elements is defined as non-negative to allow assembly constituents to

be constrained to be in mutual contact.

EXPRESS specification

*
)
ENTITY pgc_with_dimension

SUBTYPE OF (parallel_geometric_constraint);

distance_value : non_negative length_measure;

negative_direction : BOOLEAN;

WHERE

WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) = 1)
OR (SIZEOF(SELF\explicit_constraint.constrained_elements) = 2);

WR2: SIZEOF(QUERY(q <* (SELF\explicit_constraint.reference_elements +
SELF\explicit_constraint.constrained_elements) | SIZEOF(TYPEOF(q) *
[GEOMETRY_SCHEMA.DIRECTION’, 'GEOMETRY_SCHEMA.VECTOR’]) > 0)) = 0;

END_ENTITY;

(*

Attribute definitions

distancevalue: The current value of the constrained distance between parallel line or plane elements.

negative direction: A BOOLEAN attribute whose value shall beuk if distance from a reference plane
is being measured in the direction opposite to that of the normal to the plane. Otherwise the value of this
attribute shall béalse
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Formal propositions

WRZ1: If no reference element is specified the number of constrained elements shall be two.

WR2: No instances aflirection or vector shall occur in an instance pfc_with _dimension

7.4.5 pointdistance. geometric.constraint

The point_distance geometric.constraint entity data type is a type @Xxplicit_geometric.constraint

asserting a constraint on distances of points from each other, or from one or more reference elements
that may be points, curves or surfaces. Depending on the presence or absence of reference elements, the
possibilities are as follows:

— No reference element is given. In this undirected case the constraint cannot be instanced unless
the dimensional subtygmigc_with _dimensionis also instanced, the number of constrained points
then being limited to two. This allows the distance between two points to be constrained;

— One or more reference elements are specified, up to a maximum of four. The constrained points are
all required to lie at equal distances from the reference elements.

EXAMPLE 1 An example of the use of four reference elements in a three-dimensional context is provided by
the case of a point equidistant from the four planar faces of a tetrahedron; the point will lie at the centre of a sphere
inscribed in the tetrahedron.

NOTE 1 The specification of more than three reference elements in two dimensions, or more than four in three
dimensions, will generally give rise to an overconstrained situation.

Distances are measured between nearest points on the elements concerned. For a smooth unbounded
curve in two dimensions, or a smooth unbounded curve or surface in three dimensions, distance will
therefore be be measured along an appropriate hormal to that element. For bounded curves or surfaces
the nearest point may lie on a boundary of the element, in which case the distance will in general not
be measured in a normal direction. These facts have implications for geometric elements defined in a
piecewise manner, as shown by the following example.

EXAMPLE 2 If one element involved in the constraint is a smooth two-dimensional composite curve (i.e., with
tangent continuity between segments), distances will be measured along the common normal at all points of the
curve except at the end points of an open curve. If the segments do not join smoothly the nearest point may be a
junction point where a tangent discontinuity occurs and the normal direction to the curve is undefined.

NOTE 2 The effect of the mid-point constraint commonly implemented in CAD systems may be achieved by
using an instance dhcidence geometric.constraint to constrain three points to lie on a line, together with an
instance opoint_distance geometric_constraint to constrain one of them to be equidistant from the other two.

EXPRESS specification

*
)
ENTITY point_distance _geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:?] OF point;
SELF\explicit_constraint.reference_elements
SET[0:4] OF point_curve_or_surface_constraint_element;
WHERE
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WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0) OR
(CEXPLICIT_GEOMETRIC_CONSTRAINT_SCHEMA.PDGC_WITH_DIMENSION’
IN TYPEOF(SELF)) AND
(SIZEOF(SELF\explicit_constraint.constrained_elements) = 2));
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of points that are constrained.

SELF\explicit_constraint.reference elements: If present, the set of points, curves or surfaces from
which the constrained points are required to be equidistant.

Formal propositions

WRZ1: If no reference element is present the dimensional sulggige with _dimension shall be in-
stanced, and the set of constrained points shall have two members.

NOTE 3 The undirected form of this constraint, if used without an instance of its dimensional subtype, would
only permit the constraining of points to lie at the vertices of equilateral triangles in two dimensions and equilateral
triangles and tetrahedra in three dimensions. These cases have been ruled out as having little application in CAD.

7.4.6 pdgcwith _dimension
Thepdgc_with _dimensionentity data type is a type pbint_distance geometric constraint as defined

in clause 7.4.5. It asserts a value for the distance between two points, or between multiple points and a
set of one or more reference elements.

EXPRESS specification

*
)
ENTITY pdgc_with_dimension
SUBTYPE OF (point_distance_geometric_constraint);
distance_value : non_negative_length_measure;
END_ENTITY;

(*

Attribute definitions

distancevalue: The current value of the specified distance.

7.4.7 skewline_distance.geometric.constraint

The skew line_distance. geometric.constraint is a type ofexplicit_geometric.constraint asserting a

value for the distance between two skew (non-parallel) lines, measured along their common normal. In
the directed case one line is a reference element and the other a constrained element; in the undirected
case both are constrained elements.
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EXAMPLE Consider a rectangular block with a vertical cylindrical hole in its upper face. The axis of the hole
may be partly located by reference to one outer edge of the upper face. The line of the referenced edge and the
axis of the hole form a pair of skew lines, whose common normal lies in the plane of the upper face. The length of
their common normal prescribes the distance of the hole axis from the referenced edge. It may be controlled by an
instance okkew.line_distance.geometric_.constraint.

NOTE 1 Theskewline_distance geometric constraint is valid if applied between two parallel lines, but it then

only constrains the distance between them and not the parallelism relationship. If it is desired to constrain the angle
between two skew lines (as projected onto the plane perpendicular to their common norraalyldageometric.-
constraint as defined in clause 7.4.19, or its dimensional subtype, should be used.

EXPRESS specification

*)

ENTITY skew_line_distance_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:2] OF line;

SELF\explicit_constraint.reference_elements : SET[0:1] OF line;
distance_value : non_negative_length_measure;
WHERE

WR1: SIZEOF(SELF\explicit_constraint.constrained_elements +
SELF\explicit_constraint.reference_elements) = 2;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of two constrained lines in the undirected case,
or one in the directed case.

SELF\explicit_constraint.reference elements: A set of zero or one reference lines, in the undirected
and directed cases respectively. If a reference element is present, the single constrained element is
constrained with respect to it.

distancevalue: The current value of the specified distance.

Formal propositions

WR1: Two line instances shall be involved in an instance of this constraint; either they shall both be
constrained elements (the undirected case) or one shall be a constrained element and the other a reference
element (the directed case).

NOTE 2 The possibility of a zero value for the distance between the lines has been allowed, as a means of
constraining two non-parallel lines to intersect.

7.4.8 nearpoint_relationship

The entity data typ@ear_point_relationship is a type ofrepresentation.item_relationship relating
a curve or surface element to a point that lies on or close to it. This allows the specification of an
approximate location where a constraint condition is satisfied on that curve or surface.
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EXAMPLE An instance otangentgeometric_constraint, as defined in clause 7.4.24, may be used to constrain

a line to be tangent to two given non-concentric circles. The two circles are reference elements, and the line is a
constrained element. There are four possible lines that satisfy this constraint. The specification of a point in the
neighbourhood of each intended point of tangency allows one of those four lines to be selected. Note that a point
must be specified for each of the two reference circles. The entity datangguepoint_relationship provides the

means for making the necessary association.

EXPRESS specification

*
)
ENTITY near_point_relationship
SUBTYPE OF (representation_item_relationship);
SELF\representation_item_relationship.relating_representation_item :
curve_or_surface _constraint_element;
SELF\representation_item_relationship.related_representation_item :
point;
END_ENTITY;
(*

Attribute definitions

SELF\representation.item_relationship.relating_representation.item: A curve or surface used as a
reference element in an explicit geometric constraint.

SELF\representation.item_relationship.related_representationitem: A point lying on or near the
reference curve or surface, indicating the approximate location where a constraint condition applies.

7.4.9 curvedistance.geometric.constraint

The curve_distance.geometric.constraint entity data type is a type @Xxplicit_geometric.constraint

that asserts a constraint on the distance between two curves in the undirected case, or between one curve
and up to four reference elements in the directed case. Reference elements, if present, are instances of
type point_curve_or _surface constraint_element which includes general points, curves and surfaces.
Depending on the presence or absence of reference elements, the possibilities are as follows:

— No reference element is given. In this undirected case the constraint cannot be instanced unless
the dimensional subtypmlgc with _dimensionis also instanced, the number of constrained curves
then being limited to two. This allows the minimum distance between two curves to be constrained;

— One or more reference elements are specified, up to a maximum of four. In this case a single
constrained curve is required to have equal minimum distances from all the reference elements.

NOTE 1 The specification of more than three reference elements in two dimensions, or more than four in three
dimensions, will generally give rise to an overconstrained situation.

EXAMPLE 1 This type of constraint may be used to constrain a line to lie at equal minimum distances from
three spherical surfaces whose centres are not collinear. A necessary condition for satisfaction of this constraint is
for the line to be perpendicular to the plane containing the centres of the three spheres

NOTE 2 In a two-dimensional application of this constraint all elements concerned must have dimension two.
However, if it is desired to constrain the distance between coplanar curves in a three-dimensional context, it will be
appropriate first to create an instancamdidence geometric constraint to ensure that all curves lie in the same
plane.
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Distances are measured between nearest points on the elements concerned. The distance between a
smooth unbounded curve and a smooth unbounded curve or surface will therefore be measured along
an appropriate normal to both elements. For bounded curves or surfaces the nearest point may lie on a
boundary of the element, in which case the distance will in general not be measured in a normal direction.
These facts have implications for geometric elements defined in a piecewise manner, as shown by the
following example.

EXAMPLE 2 If one element involved in the constraint is a smooth two-dimensional composite curve (i.e., with
tangent continuity between segments), distances will be measured along the common normal at all points of the
curve except at the end points of an open curve. On the other hand, if the segmantgado smoothly the nearest

point may be a junction point where a tangent discontinuity occurs and therefore no curve normal exists.

To resolve ambiguity in cases of multiple minimum distances between a constrained curve and a refer-
ence element, the position of a near-point may be specified for each reference element that is not itself a
point. This gives an approximate location of the nearest point on a curve or surface reference element,
as computed in the sending system.

EXPRESS specification

*
)
ENTITY curve_distance_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:2] OF curve;
SELF\explicit_constraint.reference_elements
SET[0:4] OF point_curve_or_surface_constraint_element;
near_points : SET[0:4] OF near_point_relationship;
WHERE
WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0) OR
(CEXPLICIT_GEOMETRIC_CONSTRAINT_SCHEMA.CDGC_WITH_DIMENSION’
IN TYPEOF(SELF))
AND (SIZEOF(SELF\explicit_constraint.constrained_elements) = 2));
WR2: SIZEOF(near_points) <=
SIZEOF(SELF\explicit_constraint.reference_elements);
WR3: SIZEOF(QUERY(g <* near_points | NOT
(q\representation_item_relationship.relating_representation_item
IN SELF\explicit_constraint.reference_elements))) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of one or two curves that are constrained.

SELF\explicit_constraint.reference elements: If not empty, the set of point, curve or surface instances
from which a single constrained curve is required to be equidistant.

near_points: A set ofnear_point_relationship instances each giving the approximate location on one
of the reference elements of the nearest point to the constrained element.
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Formal propositions

WRZ1: If no reference element is present the dimensional sulgigewith _dimension shall be in-
stanced, and the set of constrained curves shall have precisely two members.

WR2: The number of near-points specified shall be less than or equal to the number of reference ele-
ments.

WR3: The associated curve or surface element for each of the specified near-points shall correspond to
one of the reference elements of the constraint instance.

NOTE 3 The number of members o&ar_points may be less than the number of reference elements because

— The sending system may not specify a near-point for every reference element;

— Ifthe reference elementis itself a point, no near-pointis needed, and none can be defined because the attribute
relating _representation.item of an instance ohear_point_relationship must be a curve or surface.

7.4.10 cdgewith _dimension
The entity data typedgc with _dimensionis a type ofturve_distance geometric constraint as defined

in clause 7.4.9, asserting a value for the minimum distance between two curves or between a curve and
a set of up to three reference elementsligtancevalue attribute is provided for this purpose.

EXPRESS specification

*
)
ENTITY cdgc_with_dimension
SUBTYPE OF (curve_distance_geometric_constraint);
distance_value : non_negative_length_measure;
END_ENTITY;

(*

Attribute definitions

distancevalue: The current value of the specified distance.

NOTE The possibility of a zero value for the distance between the elements has been allowed, to permit the case
of contact between assembly constituents.

7.4.11 surfacedistance geometric constraint

Thesurface distance. geometric.constraint entity data type is a type ekplicit_geometric.constraint

that asserts a constraint on the distance between two surfaces in the undirected case, or between one
surface and up to three reference elements in the directed case. Reference elements, if present, are in-
stances of typpoint_curve_or_surface constraint_element which includes general points, curves and
surfaces. Depending on the presence or absence of reference elements, the possibilities are as follows:

— No reference element is given. In this undirected case the constraint cannot be instanced unless
the dimensional subtypedgcwith _dimensionis also instanced, the number of constrained sur-
faces then being limited to two. This allows the minimum distance between two surfaces to be
constrained;
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— One or more reference elements are specified, up to a maximum of four. In this case a single
constrained surface is required to have equal minimum distances from all the reference elements.

NOTE 1 This constraint is necessarily three-dimensional.

NOTE 2 The specification of more than four reference elements would generally give rise to an overconstrained
situation.

;EXAMPLE 1 A spherical surface may be constrained to be equidistant from four planes.

Distances are measured between nearest points on the elements concerned. The distance between a
smooth unbounded surface and a smooth unbounded curve or surface will therefore be be measured
along an appropriate normal to both elements. For bounded curves or surfaces the nearest point may lie
on a boundary of the element, in which case the distance will in general not be measured in a normal
direction. These facts have implications for geometric elements defined in a piecewise manner, as shown
by the following example.

EXAMPLE 2 If a constrained surface is a bounded composite surface with smoothly joining (i.e., tangent-
continuous) components, its distance from another element will be measured along the common normal at all
points of the surface except at points on its boundary. On the other hand, if the surface componesttpuio
smoothly the nearest point may occur at a point where a tangent discontinuity occurs and therefore no surface
normal exists.

To resolve ambiguity in cases of multiple minimum distances between a constrained surface and a refer-
ence element, the position of a near-point may be specified for each reference element that is not itself a
point. This gives an approximate location of the nearest point on a curve or surface reference element as
computed in the sending system.

EXPRESS specification

*
)
ENTITY surface_distance_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:2] OF surface;
SELF\explicit_constraint.reference_elements
SET[0:4] OF point_curve_or_surface_constraint_element;
near_points : SET[0:4] OF near_point_relationship;
WHERE
WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0) OR
(CEXPLICIT_GEOMETRIC_CONSTRAINT_SCHEMA.SDGC_WITH_DIMENSION’
IN TYPEOF(SELF))
AND (SIZEOF(SELF\explicit_constraint.constrained_elements) = 2));
WR2: SIZEOF(near_points) <=
SIZEOF(SELF\explicit_constraint.reference_elements);
WR3: SIZEOF(QUERY(g <* near_points | NOT
(q\representation_item_relationship.relating_representation_item
IN SELF\explicit_constraint.reference_elements))) = 0;
END_ENTITY;

(*
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Attribute definitions

SELF\explicit_constraint.constrained elements: The set of one or two surfaces that are constrained.

SELF\explicit_constraint.reference elements: If not empty, the set ajeometric constraint_element
entities from which a single constrained surface is required to be equidistant.

near_points: A set ofnear_point_relationship instances each giving the approximate location on one
of the reference elements of the nearest point to the constrained element.

Formal propositions

WRZ1: If no reference element is present the dimensional sulstgigewith _dimension shall be in-
stanced, and the set of constrained surfaces shall have precisely two members.

WR2: The number of near-points specified shall be less than or equal to the number of reference ele-
ments.

WR3: The associated curve or surface element for each of the specified near-points shall correspond to
one of the reference elements of the constraint instance.

NOTE 3 The number of members n&ar_points may be less than the number of reference elements because

— The sending system may not specify a near-point for every reference element;

— Ifthe reference elementis itself a point, no near-point is needed, and none can be defined because the attribute
relating representation.item of an instance ohear_point_relationship must be a curve or surface.

7.4.12 sdgowith _dimension
The entity data typedgcwith_dimension is a type ofsurface distance geometric.constraint (see

clause 7.4.11) asserting a value for the minimum distance between two surfaces, or between a surface
and a set of up to three reference elements. It providestance value attribute for this purpose.

EXPRESS specification

*
)
ENTITY sdgc_with_dimension
SUBTYPE OF (surface_distance_geometric_constraint);
distance_value : non_negative_length_measure;
END_ENTITY;

(*

Attribute definitions

distancevalue: The current value of the specified distance.

NOTE The possibility of a zero value for the distance between the elements has been allowed, to permit the case
of contact between assembly constituents.
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7.4.13 radiusgeometric_constraint
Theradius_geometric.constraint entity data type is a type @plicit_geometric.constraint asserting

that the radii of all members of a setrafdial_geometry constraint_elementinstances have the same
value. Itis an undirected constraint, having no reference element.

EXPRESS specification

*
)
ENTITY radius_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF radial_geometry constraint_element;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of constrainedadial_geometry_constraint_-
elementinstances.

Formal propositions

WR1: The number of reference elements shall be zero.

NOTE 1 Thetoroidal surface, another elementary surface defined in ISO 10303-42, is characterized by two
radius attributes, and hence is excluded from this constraint. The major or minor réatib@fal _surfaceinstances
may be constrained by binding parameters to them and using the facilities provided in clause 5.

NOTE 2 Ifitis desired to constrain a seti@dial_geometry_constraint_elementinstances all to have the same
radius value as the radius attribute of some other instance, this can be achieved by binding parameters to all the
attributes concerned and usiequal_parameter_group as defined in clause 5.4.3.

7.4.14 rgcwith _dimension

The rgc_with _dimension entity data type is a type ehdius_geometric.constraint asserting that the
members of a set ghdial_geometry constraint_elementinstances all have the same specified radius.

EXPRESS specification

*
)
ENTITY rgc_with_dimension
SUBTYPE OF (radius_geometric_constraint);
radius_value : positive_length_measure;
END_ENTITY;

(*
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Attribute definitions

radius_value: The current value of the specified radius.

7.4.15 curvelength_geometric_constraint

Thecurve_length_geometric constraint entity data type is a type efkplicit_geometric constraint as-
serting that the lengths of all members of a sédmfnded curve instances have the same value. Itis an
undirected constraint, having no reference element.

NOTE 1 While most constraints in this schema apply to unbounded geometry elements, this one initially appears
anomalous because it applies to bounded elements. However, it is in effect a constraint on the distances between
pairs of points, measured along a curve. Itis expressed in terms of the ISO 1023@R+#@ed curve entity data

type to avoid the need for definition of a similar entity data type in this schema.

The semantics of theurve_length_geometric_constraint are as follows:

a) for each constraindabunded.curve, depending on the specific subtype, the end points are either
implicit in the curve definition or are implicitly constrained to lie on an unbounded basis curve;

b) the distance between the two end points for éaemded. curve is measured along the curve;

c) The distances between end points for each member of thelsmirded curve elements shall be
constrained to be equal.

EXPRESS specification

*
)
ENTITY curve_length_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF bounded_curve;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set obounded.curve instances whose lengths
are constrained to be equal.

Formal propositions

WR1: The number of reference elements shall be zero;

NOTE 2 Conceptually, this constraint concerns distances between pairs of points, measured along a curve. How-
ever, the ISO 10303-42immed _curve entity data type, a subtype bbunded curve, permits the trimming points

to be defined in terms of eitheartesian_point or parameter_value entities. In the first case trmurve_length_-
geometric_constraint will operate as described above, by constraining the trimming points. In the second case the
trimming points may not exist explicitly in the current result model, and the constraint will require the determina-
tion of end-points in the parameter space of the curve that achieve the desired equality of length.
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7.4.16 clgcwith _dimension

Theclgc with _dimensionentity data type is a type ofirve_length_geometric constraint asserting that
the members of a set bbunded.curve instances all have the same specified length.

EXPRESS specification

*
)
ENTITY clgc_with_dimension
SUBTYPE OF (curve_length_geometric_constraint);
length_value : positive_length_measure;
END_ENTITY;

(*

Attribute definitions

length_value: The current value of the specified length.
7.4.17 paralleloffset geometric.constraint

The parallel_offset. geometric.constraint entity data type is a type @Xxplicit_geometric.constraint

asserting that the members of a set of curves or a set of surfaces are parallel offsets of each other. It
exists in an undirected form, which requires each pair of an arbitrarily large set of constrained elements
to possess the specified parallel offset relationship, and a directed form in which all constrained elements
are required to be parallel offsets of a reference element. This constraint is intended to ensure that explicit
computed representations of offset elements present in an exchanged model can be constrained to require
their recomputation in the receiving system if the details of their procedural descriptions are edited there.

NOTE 1 ThelSO 10303-42 entitiedfset curve_2d andoffset curve_3d are procedurally defined entities, spec-
ified in terms of a basis curve and an offset distance. Similarly, the ISO 10303-42 entity datffisgtesurface
is defined in terms of a basis surface and an offset distance.

NOTE 2 This constraint is appropriate for use in cases where the offset geometry cannot be represented in terms
of simple geometric elements, but must be approximated in terms of (for example) Bézier or B-spline curves or
surfaces. These cases include offsets of the following types of geometric entities defined in ISO 10303-42:

curves: conic curves other than the circle, Bézier and B-spline curves in either two or three dimensions;

surfaces: Bézier and B-spline surfaces.

Theparallel _offset. geometric.constraint can constrain a set of two-dimensional curves in a plane, a set
of three-dimensional curves or a set of surfaces, but no combinations of these three classes of elements
are permitted.

NOTE 3 As stated above, this constraint is intended primarily for use with computed approximations to offset
entities. Its use with elementary geometric elements whose offsets are of the same geometric type as themselves
is not appropriate. Specialized constraints are provided in this schema for handling these cases, for example
the parallelism constraints for lines and planes (see clauses 7.4.3 and 7.4.4). It was decided not to subsume
these constraints under the present more general one because parallelism of lines and planes, in particular, is a
fundamentally important logical condition. This is evident from the work of ISO TC213 on the definition of
symmetry classes with application to dimensioning and tolerancing [2].
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EXPRESS specification

*
)
ENTITY parallel_offset_geometric_constraint

SUBTYPE OF (explicit_geometric_constraint);

SELF\explicit_constraint.constrained_elements :

SET[1:?] OF curve_or_surface_constraint_element,

SELF\explicit_constraint.reference_elements
SET[0:1] OF curve_or_surface_constraint_element,

offset_type : parallel_offset_type;

WHERE
WR1: NOT(((offset_type = curve_2d_offset)
OR (offset_type = curve_3d_offset)) AND
(SIZEOF(QUERY( q <* (SELF\explicit_constraint.constrained_elements
+ SELF\explicit_constraint.reference_elements) |
'GEOMETRY_SCHEMA.SURFACE’ IN TYPEOF(q))) > 0));

WR2: NOT((offset_type = surface_offset) AND (SIZEOF(QUERY( q <*
(SELF\explicit_constraint.constrained_elements +
SELF\explicit_constraint.reference_elements) |
'"GEOMETRY_SCHEMA.CURVE' IN TYPEOF(q))) > 0));

END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of constrainedurve_or_surface constraint_-
elementinstances.

SELF\explicit_constraint.referenceelements: If present, the basis curve or surface with which the
constrained elements are required to have the parallel offset relationship.

offsettype: The nature of the offset relationship defined by the constraint.

Formal propositions

WRL1: If the offsettype attribute has the valueurve_2d_offset or curve_3d_offset, then no surfaces
shall participate in the constraint.

WR2: If the offset.type attribute has the valusurface offset, then no curves shall participate in the
constraint.

NOTE 4 In the case when the dimensional subtppgc with _dimensionis also instanced, the number of con-
strained elements has been limited to two because (i) the constraint has no significance if the number is more than
2 when there is no reference element, and (ii) when a reference element is specified there are two offsets with a
specified displacement, one on either side of it.

NOTES5 A parallel offset of a three-dimensional curve is defined procedurally in ISO 10303-42 in terms of a
reference direction. A point on the offset curve is offset from the corresponding point on the base curve by a
specified distance in the direction & x T, whereV is the reference direction arifl is the tangent vector at

the point on the base curve. If the offset elements are three-dimensional curves then the direction of offset is
not constrained by thparallel offset geometric constraint. However, that direction may be constrained in the
dimensional form of this constrainpogcwith _dimension defined in clause 7.4.18.
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NOTE 6 If it is desired to constrain a curve to be a parallel offset from a surface then a curve should first be
defined on the surface and used as the reference element in this constraint.

7.4.18 pogcowith _dimension

The pogcwith _dimension entity data type is a type giarallel_offset geometric.constraint asserting

that two elements are parallel offsets of each other at a specified distance. The offset distance is measured
in the curve normal direction for two-dimensional curves, in a specified reference direction for three-
dimensional curves and in the surface normal direction for surfaces. In all cases, either the positive or
the negative sense of the direction is allowed.

NOTE 1 The above implies that every curve has two possible offsets, one in the positive and one in the negative
direction. The choice that was made in the sending system is apparent from the current model.

This constraint also allows the offset direction to be constrained in the case of three-dimensional curves.

It may be used in either a directed form (with a reference element) or an undirected form (with no
reference element).

EXPRESS specification

*
)
ENTITY pogc_with_dimension
SUBTYPE OF (parallel_offset_geometric_constraint);
offset value : positive_length_measure;
offset_direction_constrained : BOOLEAN;
WHERE
WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) = 1)
OR (SIZEOF(SELF\explicit_constraint.constrained_elements) = 2);
WR2: (NOT (offset_direction_constrained = TRUE)
AND ((offset_type = curve_2d_offset)
OR (offset_type = surface_offset)));
END_ENTITY;

(*

Attribute definitions

offsetvalue: The current value of the constrained offset distance between parallel offset elements.

offset.direction_constrained: If TRUE, requires the offset direction for a three-dimensional curve offset
to be constrained, as well as the offset distance. If the attribudgL s, only the offset distance is
constrained.

Formal propositions

WRZ1: If no reference element is specified then the number of constrained elements shall be two.

WR2: The offset.direction_constrained attribute shall only have the valu®UE when the elements
related by the constraint are three-dimensional curves.
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NOTE 2 The offset direction for the case of three-dimensional curve offsets is not explicitly given in this con-
straint. Its value may be determined from the current result shape model or from the corresponding instance of the
procedural definition of the offset curve.

7.4.19 anglegeometric.constraint

The angle.geometric.constraint entity data type is a type @xplicit_geometric.constraint asserting
constraints on angles between instancelinefir_geometry.constraint_element(lines, planes, direc-

tions and vectors) as described below. It shall not be instantiated in undirected form, with no reference
element, except in the form of its dimensional subtygewith _dimension

NOTE 1 The undirected form with no reference element would require a skedr_geometry_elementin-
stances all to make the same angle with each other. This problem only has trivial solutions, and these are covered
by theperpendicular_geometric constraint defined in 7.4.21.

If a reference element is specified, then arbitrarily many constrained elements are required to make the
same angle with it.

The constraint is purely geometric, taking no account of the senses of directions involved in the definition
of the constrained elements. Angles between constrained elements lie in thé°rar@#, and are

defined as described below. In the description, the treatment of lines should be regarded as also applying
to directions and vectors:

two planes: The angle is that between the lines of intersection of the planes concerned with another
plane perpendicular to both of them. Equivalently, the angle is that between the directions of the
normals to the planes;

a line and a plane: The angle is measured in the plane that contains the line and the normal to the
plane;

two lines: The angle is that between the directions of the lines.

NOTE 2 Angular relationships between lines are usually specified when the lines are coplanar,dngléthe
geometric_constraint nevertheless permits a unique interpretation when they are not. In this case it applies to the
angle between the normal projections of the lines concerned onto a plane normal to their common perpendicular.

NOTE 3 Theinformation conveyed by this constraint, together with sense information associated with the current
result representations of the elements concerned, will allow the receiving system to reformulate the constraint, if
required, to take those senses into account. In that system, the angular range can therefore be exténded to
180°.

EXPRESS specification

*
)
ENTITY angle_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF linear_geometry_constraint_element;
SELF\explicit_constraint.reference_elements
SET[0:1] OF linear_geometry_constraint_element;
WHERE
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WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) = 1) OR
(CEXPLICIT_GEOMETRIC_CONSTRAINT_SCHEMA.AGC_WITH_DIMENSION’
IN TYPEOF(SELF)) AND
(SIZEOF(SELF\explicit_constraint.constrained_elements) = 2));
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of constrainetinear_geometry_constraint_-
elementinstances.

SELF\explicit_constraint.reference elements: If present, dinear_geometry_constraint_elementin-
stance with respect to which the constrained elements have their angles constrained.

Formal propositions

WRZ1: If no reference element is present then the dimensional suagpeith _dimension shall also
be instanced and the set of constrained elements shall have precisely two members.

NOTE This constraint is not designed to represent sequences of equal angular displacements about a point or
line. For this purpose it must be applied repeatedly to constrain successive pairs of elements in the sequence.

7.4.20 agowith _dimension

The agcwith _dimension entity data type is a type @ngle.geometric.constraint asserting a dimen-

sional value for an angular constraint relationship. If no reference element is present in the supertype,
the number of constrained elements is limited to two, and the attidimgfie value specifies the angle
between them. This is the undirected form of the constraint. In the directed form, when a reference
element is given, there may be arbitrarily many constrained elements, all required to make the same
specified angle with the reference element.

EXPRESS specification

*
)
ENTITY agc_with_dimension
SUBTYPE OF (angle_geometric_constraint);
angle_value : plane_angle_measure;
END_ENTITY;

(*

Attribute definitions

anglevalue: The current value of the angle.
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Informal propositions

IP1: The specified angle shall lie in the rarige-90°, or the equivalent if some system of angular units
other than degrees is used in a specialization of this schema.

7.4.21 perpendiculargeometric constraint

The perpendicular_geometric.constraint entity data type is a type @Xxplicit_geometric.constraint

asserting that instances lofear_geometry constraint_elementare perpendicular to each other. The
constraint may be directed or undirected. In the directed case, the constrained elements are required to
be perpendicular to one or two reference elements of the same type. In the undirected case there may
be either two or three constrained elements; if there are three they must all have either underlying line
geometry or underlying plane geometry, but not a mixture of the two.

EXPRESS specification

*
)
ENTITY perpendicular_geometric_constraint

SUBTYPE OF (explicit_geometric_constraint);

SELF\explicit_constraint.constrained_elements :

SET[1:?] OF linear_geometry_ constraint_element;

SELF\explicit_constraint.reference_elements
SET[0:2] OF linear_geometry_constraint_element;

WHERE

WR1: NOT ((SIZEOF(SELF\explicit_constraint.reference_elements) = 2) AND
NOT ((SIZEOF(QUERY(q <* SELF\explicit_constraint.constrained_elements +
SELF\explicit_constraint.reference_elements |
'"GEOMETRY_SCHEMAL.LINE' IN TYPEOF(q))) =
SIZEOF(SELF\explicit_constraint.reference_elements +
SELF\explicit_constraint.constrained_elements)) XOR
(SIZEOF(QUERY(q <* SELF\explicit_constraint.constrained_elements +
SELF\explicit_constraint.reference_elements |
'"GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(q))) =
SIZEOF(SELF\explicit_constraint.reference_elements +
SELF\explicit_constraint.constrained_elements))));

WR2: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0) OR
(SIZEOF(SELF\explicit_constraint.constrained_elements) IN [2,3]);

WR3: NOT ((SIZEOF(SELF\explicit_constraint.reference_elements) = 0) AND
(SIZEOF(SELF\explicit_constraint.constrained_elements) = 3)) AND NOT
((SIZEOF(QUERY(g <* SELF\explicit_constraint.constrained_elements |
'GEOMETRY_SCHEMA.LINE' IN TYPEOF(g))) = 3) XOR
(SIZEOF(QUERY(q <* SELF\explicit_constraint.constrained_elements |
'GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(q))) = 3));

END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of constrained instancesliolear_geometry. -
constraint_element

SELF\explicit_constraint.reference elements: If defined, the set of one or twimear_geometry.con-
straint_elementinstances to which the constrained elements are required to be perpendicular.
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Formal propositions

WRL1: If the set of reference elements contains two members, then the underlying geometry of all el-
ements involved in the constraint shall be either line geometry or plane geometry, but not a mixture of
both.

WR2: If no reference element is defined then the set of constrained elements shall have either two or
three members.

WR3: If no reference element is defined and the set of constrained elements has three members, then
the underlying geometry of all three elements shall be either line geometry or plane geometry, but not a
mixture of both.

NOTE 1 Perpendicular lines are not required to meet in a common point. The constraint will be satisfied if the
directions of the two or three lines are pairwise orthogonal, regardless of whether or not the lines intersect.

NOTE 2 When there is a single reference element there is no limit to the size of the set of constrained elements,
whose membership may include both lines and planes.

NOTE 3 If there are two reference elements but they are parallel to each other the effect is that of a single
reference element, except that the provisioMiR2 regarding the type of constrained elements will apply.

7.4.22 incidencegeometric.constraint

Theincidence geometric.constraint entity data type is a type ekplicit_geometric.constraint assert-

ing that one or morgeometric constraint_elementinstances lie on (or ai@cident o) one or more
referencegeometric constraint_elementinstances. The inverse case, where the reference elements are
included in one or more constrained elements, is also covered by the constraint. In the undirected case,
where no reference element is present, the number of constrained elements is restricted to two, one of
which is required to be incident on the other.

The term ‘incidence’, as defined for the purpose of this constraint, requires the inclusion of the entire
incident constrained element in the reference element, or in the inverse case the containment by the
incident constrained element of the entire reference element.

Incidence may be defined between points, curves and surfaces. Such special cases as collinearity of lines
are included.

EXAMPLE 1 Two intersecting lines are not incident on each other, though their point of intersection is incident
on both of them, and both lines are incident on the point.

EXAMPLE 2 The constrained elements might be a set of points, all required to lie on a reference element that
is a curve. Conversely, the set of points might be reference elements, and the curve constrained to pass through or
interpolate them.

EXAMPLE 3 A further use of thancidence geometric constraint is to represent the constraints associated

with a computed intersection curve. The intersecting surfaces may be used as reference elements and the curve
constrained to be incident on both of them. If either surface is subsequently edited the curve should be recomputed
appropriately.

NOTE 1 The number of constrained elements in the undirected form is restricted to two because complex rules
would have to be defined to identify valid cases of the incidence of three or more elements when no reference
element is present.
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EXPRESS specification

*
)
ENTITY incidence_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF geometric_constraint_element;
SELF\explicit_constraint.reference_elements
SET [0:?] OF geometric_constraint_element;
near_points : SET[0:?] OF near_point_relationship;
WHERE
WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0)
OR (SIZEOF(SELF\explicit_constraint.constrained_elements) = 2);
WR2: SIZEOF(near_points) <=
SIZEOF(SELF\explicit_constraint.reference_elements);
WR3: SIZEOF(QUERY(g <* near_points | NOT
(gq\representation_item_relationship.relating_representation_item
IN SELF\explicit_constraint.reference_elements))) = 0;
© END_ENTITY;
S

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of constrainedeometric constraint_ele-
ment instances.

SELF\explicit_constraint.reference elements: If not empty, the set ajeometric constraint_element
instances with which the constrained elements are required to be incident.

near_points: A set ofnear_point_relationship instances, each giving the approximate location on one
of the reference elements of a point of incidence on that element.

Formal propositions

WR1: If there are no reference elements, the number of constrained elements shall be precisely two.
WR2: The number of members akar_points shall not exceed the number of reference elements.

WR3: The associated curve or surface element for each of the specified near-points shall correspond to
one of the reference elements of the constraint instance.

NOTE 2 The number of members o&ar_points may be less than the number of reference elements because

— The sending system may not specify a near-point for every reference element;

— Ifthe reference element is itself a point, no near-point is needed, and none can be defined because the attribute
relating representationitem of an instance ohear_point_relationship must be a curve or surface.

NOTE 3 The use of this type of constraint is not necessary or appropriate when the incidence of points or curves
on parametrically defined curves or surfaces results from their being defined in the parameter space of those
curves or surfaces. Thus, for exampley@nt_on_curve, specified in terms of a parameter value of that curve, is
automatically incident on the curve. Hence the imposition of the correspomciigence geometric_constraint

would be redundant in this case.
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7.4.23 coaxialgeometric constraint

The coaxial.geometric constraint entity data type is a type ekplicit_.geometric.constraint asserting

that a set ofaxial_geometry.constraint_elementinstances share the same axis. The constrained set
may contain a mixture of points, lines, circles and axially symmetric surfaces and solids. Points are
constrained to lie on the axis, lines to be coincident with it and planes perpendicular to it. For a circular
element, the axis is taken to be the line through its centre and perpendicular to its plane of definition;
constrained circles are not required to be coplanar with each other. Any line through the centre of a
sphere or a spherical surface may be regarded as its axis.

The constraint may be either directed or undirected. In the directed case a single specified reference

element defines the axis of symmetry. The element tgpéa#, plane, sphericalsurface andsphere
are not permitted for use as reference elements because none of them defines a unigue axis.

EXPRESS specification

*
)
ENTITY coaxial_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF axial_geometry constraint_element;
SELF\explicit_constraint.reference_elements
SET[0:1] OF axial_geometry constraint_element;
WHERE
WR1: SIZEOF(QUERY(q <* SELF\explicit_constraint.reference_elements |
SIZEOF(TYPEOF(q) * [GEOMETRY_SCHEMA.POINT'GEOMETRY_SCHEMA.PLANE’,
'"GEOMETRY_SCHEMA.SPHERICAL_SURFACE'GEOMETRY_SCHEMA.SPHERE])
> 0)) = 0;
END_ENTITY;
(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A set of axial_geometry constraint_element in-
stances constrained to share the same axis.

SELF\explicit_constraint.reference elements: If present, the element defining the common axis of all
the constrained elements.

Formal propositions

WR1: The reference element shall not be a point, plane, spherical surface or sphere, because none of
those elements defines a unique axis of rotational symmetry.

7.4.24 tangentgeometric constraint

Thetangent geometric constraint entity data type is a type ekplicit_geometric constraint asserting

a tangency relationship between two or more instancesrgé_or_surface constraint_element In its
undirected form it requires two elements to be tangential to each other, and in its directed form it requires
one or more elements to be tangential to one or more reference elements.
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EXAMPLE 1 Two distinct lines may be constrained both to be tangential to a pair of circles.

Tangency of two elements at a point requires both elements to include that point, and to satisfy further
conditions there as follows:

tangency between two curvesThe directions of the tangent vectors of the two curves must exist
and be identical or opposite in direction;

tangency between a curve and a surfaceThe tangent vector of the curve must exist and lie in the
tangent plane of the surface; equivalently, it must be perpendicular to the surface normal direction
(it is assumed that the surface actually possesses a tangent plane at the point in question);

tangency between two surfacesThe tangent planes of the two surfaces must exist and coincide
at the point. Equivalently, their normal directions must be identical or opposite there.

The tangent.geometric.constraint does not specify a point of tangency, but it requires one to exist

for the constraint to be satisfied. Howeuveear-pointsmay be specified, each of which indicates the
approximate location of an intended tangency in a model. These may be used in determining chosen
solutions where multiple possibilities arise.

NOTE 1 Near-points play no part in the mathematical relationship defining the tangency. Their primary function
is to distinguish between multiple solutions of that relationship, when they arise.

NOTE 2 Cases arise in which a constrained element may have multiple tangencies with a reference element. An
example is provided by a constrained circle of radiRigind a reference ellipse with the same centre and minor
radiusR. These curves are tangential at two distinct points. Such special cases may be handled by the association
of multiple near-points with the same reference element.

An attributetangent contact specifies the type of tangential contact:

a) point contact (for example, between a plane and a sphere);
b) contact along a line or other curve (for example, between a cone and a plane);

c) contact over aregion of a surface (for example, between two bounded planes).

NOTE 3 This constraint does not capture the sense comparisons (aligned/opposed) of the tangent elements at
their points of tangency. However, this information is readily available from the current result shape model to
whose elements the constraint applies.

EXPRESS specification

*
)
ENTITY tangent_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:?] OF curve_or_surface_constraint_element,
SELF\explicit_constraint.reference_elements
SET[0:?] OF curve_or_surface_constraint_element,

near_points : SET[0:?] OF near_point_relationship;
tangent_contact . tangent_contact_type;
WHERE
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WR1: (SIZEOF(SELF\explicit_constraint.reference_elements) > 0) OR
(SIZEOF(SELF\explicit_constraint.constrained_elements) = 2);
WR2: NOT ((SELF\geometric_representation_item.dim = 2)
AND (tangent_contact = surface_contact));
WR3: SIZEOF(QUERY(g <* near_points | NOT
(q\representation_item_relationship.relating_representation_item
IN SELF\explicit_constraint.reference_elements))) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set ofcurve_or_surface.constraint_element
instances that are constrained.

SELF\explicit_constraint.reference elements: If not empty, the set afurve_or_surface_constraint_-
elementinstances to which the each member of the set of constrained elements is required to be tangen-
tial.

near_points: A set ofnear_point_relationship instances, each giving the approximate location on one
of the reference elements of one or more points of incidence on that element.

tangent.contact: An indicator of whether the tangencies are point contact, contact along a curve or
contact over a surface region.

Formal propositions

WR1: If no reference elements are defined then the number of distinct constrained elements shall be
two.

WR2: If the dimensionality of the constraint is 2 then thagent.contact attribute shall not have the
valuesurface contact

WR3: The associated curve or surface element for each of the specified near-points shall correspond to
one of the reference elements of the constraint instance.

NOTE 4 For this entity, the number of membersrafar_points may exceed the number of reference elements
because there may be multiple tangencies with a single reference element.

7.4.25 symmetrygeometric.constraint

Thesymmetry_geometric.constraint entity data type is a type ekplicit_geometric_constraint assert-

ing that two geometric elements are symmetrically disposed with respect to a specified mirror element.
The geometric elements are specified as instancgearhetric representationitem. In two dimen-

sions the mirror element shall be a line. In three dimensions the mirror element shall be either a line or a
plane, and the semantics of the constraint shall be as follows:

plane mirror element: The twogeometricrepresentation.item instances are constrained to be
mirror images of each other with respect to the plane;

line mirror element: Any plane through the mirror line cuts the constraigedmetric represen-
tation_item instances in two-dimensional point sets (curves together with isolated points) that are
constrained to be mirror images of each other with respect to the line.
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The intention of the constraint is that, following a model transfer, modification of either of the two
constrainedyeometricrepresentation.item instances shall cause a corresponding modification in the
other to maintain their mutual symmetry with respect to the reference element.

NOTE 1 To allow the specified semantics, this constraint has been defined as an undirected constraint with no
reference element. If the mirror element had been used as a reference element the implication would have been
that the constrained configuration could only be modified by editing that reference element.

NOTE 2 No requirement has been imposed that the constrained elements should be of the same subtype of
geometric_representationitem. This is because those elements may represent geometrical mirror images using
different representation techniques. Examples include

— symmetry of acurve instance and an instance @irve_replica defined in terms of a transformation;

— symmetry of a bounded line segment with a single-segment B-spline curve of degree 1.

Thus what is required is specifically that the point-sets represented by the two constrained elements shall be sym-
metric with respect to the mirror element. Even in cases where the constrained elements share the same subtype
of geometric representationitem there is no requirement that the parameterizations associated with the two ele-
ments have any relationship to each other.

NOTE 3 Mathematically, it is also possible to define symmetry abqdiat, but there seems to be little use for

this in product modelling. Symmetry of three-dimensional elements about a line is analogous to that of symmetry
of two-dimensional elements about a point, and it is anticipated that the use of the line form of reference element
will normally be restricted to constraining planar two-dimensional configurations.

EXPRESS specification

*
)
ENTITY symmetry_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[2:2] OF geometric_representation_item;
mirror_element : linear_geometry constraint_element;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;
WR2: SIZEOF(TYPEOF(mirror_element) *
[GEOMETRY_SCHEMA.DIRECTION'GEOMETRY_SCHEMA.VECTOR")) = 0;
WR3: NOT ((SELF\geometric_representation_item.dim = 2) AND
(GEOMETRY_SCHEMA.PLANE' IN TYPEOF(mirror_element)));
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: A pair of geometric representation.item instances
that are constrained to be symmetrical about the reference element.

mirror _element: The line or plane about which symmetry between the constrained elements shall be
maintained.
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Formal propositions

WR1: The constraint shall contain no reference element.
WR2: The mirror element shall not be a direction or a vector.

WR3: If the dimensionality of the constrainggometricrepresentationitem instances is two, the
mirror element shall be a line.

NOTE 4 There is a frequent requirement for constraining a point to lie midway between two other points, which
then lie symmetrically with respect to it. This inverse case can be handled usipgititedistance geometric -
constraint specified in clause 7.4.5.

7.4.26 swepipoint_curve_geometric.constraint

The sweptpoint_curve_geometric.constraint entity data type is a type adxplicit_.geometric.con-

straint asserting constraints on the swept edge curves of a computed explicit configuration corresponding
to any subtype of the ISO 10303-42 entity data tyweptface solid. The constraint asserts that these
edge curves are constrained

a) to pass through thesrtex_point instances of the sweface surfaceinstance;

b) to have the correct relation to the geometry of the directrix curve of the sweep motion, as specified
below.

If this constraint is applied, and if either the swigute surface or the geometry of the sweep motion is
edited following a model transfer, the intention is that the receiving system shall recompute the geometry
of the edge curves to maintain satisfaction of these relationships.

The directrix curves of the three subtypeswkptface solid defined in ISO 10303-42 are as follows:

— extruded_face solid: Animplicit line, parallel to thalirection specified by thextruded_direction
attribute;

— revolved. facesolid: An implicit circle, coaxial with theaxisl placementspecified by theaxis
attribute;

— surfacecurve_sweptfacesolid: An explicit curve specified by thelirectrix attribute.

Thus the swept curves shall be lines with the same direction in the first case, circles with the same axis
in the second case and parallel offsets of the directrix in the third case.

NOTE 1 Ofthe ISO 10303-42 entities that may be swept to generate surfaces or volumes, dabetherface
case gives rise to the sweeping of individual points. In all other cases it is only curves that are swept.

NOTE 2 In this constraint, as in the following one, thenstrained.elementsare explicit elements that result

from the evaluation of a procedural definition. The curves generated are constrained in terms of attributes of that
procedural definition, i.e. theweptface_solid instance, which plays the role of reference element in the constraint.
The constraint cannot be applied unless shept face_solid and the set of explicit curves it generates both exist

in the model at the time of transfer.
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EXPRESS specification

*

)

ENTITY swept_point_curve_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:?] OF curve;
SELF\explicit_constraint.reference_elements

SET[1:1] OF swept_face_solid;
END_ENTITY;
(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of curve instances swept out by the points
associated with the vertices of the swept face.

SELF\explicit_constraint.reference elements: A single sweptface solid instance that provides ref-
erence data for the swept curves.

Informal propositions

IP1: The curves constrained are restricted to those swept out by the points associated with the vertices
of the swept face.

7.4.27 sweptcurve_surface. geometric constraint

The swept.curve_surface.geometric.constraint entity data type is a type @Xxplicit_geometric.con-

straint asserting constraints on the swept surfaces of a computed explicit configuration corresponding to
any of the 1ISO 10303-42 entity data tymaseptsurface sweptfacesolid or sweptarea solid. The
constraint asserts that these surfaces are constrained

a) toinclude the one or more curves involved in the definition of the entity data type instance that is
swept;

b) to have the correct relation to the geometry of those curves and to the directrix curve of the sWeep
motion, as specified below. :

If this constraint is applied, and if either the swept instance or the geometry of the sweep motion is edited
following a model transfer, the intention is that the receiving system shall recompute the geometry of the
swept surfaces to maintain satisfaction of these relationships.

The directrix curves of the swept surface and swept volume subtypes defined in ISO 10303-42 are as
follows:

— surfaceof_linear_extrusion, extruded_face solid, extruded_area solid: An implicit line, parallel
to thedirection specified by thextruded_direction attribute;

— surface.of_revolution, revolved face solid, revolved.area solid: An implicit circle, coaxial with
theaxisl placementspecified by thexis attribute;
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— fixed_reference sweptsurface surface curve_sweptsurface surface curve_sweptfacesolid,
surface curve_sweptarea solid: An explicit curve specified by tha@irectrix attribute.

For linear extrusions, the swept surfaces shall be ruled surfaces with generators parallel to the specified
direction. For rotational sweeps, the swept surfaces shall be surfaces of revolution with the specified axis.

For the remaining cases the surface shall be explicit representations corresponding to the appropriate
subtype obweptsurfaceas defined in ISO 10303-42.

NOTE In this constraint, as in the preceding one, tomstrained elementsare explicit elements that result

from the evaluation of a procedural definition. The surfaces generated are constrained in terms of attributes of that
procedural definition, i.e. theweptsurface or_volume instance, which plays the role of reference elementin the
constraint. The constraint cannot be applied unlesstiept surface or _volume and the set of explicit surfaces

it generates both exist in the model at the time of transfer.

EXPRESS specification

*

)

ENTITY swept_curve_surface_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements : SET[1:?] OF surface;
SELF\explicit_constraint.reference_elements

SET[1:1] OF swept_surface_or_solid;
END_ENTITY;
(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of surface instances swept out by the curves
of the swept element.

SELF\explicit_constraint.reference elements: A single ISO 10303-42 swept surface or solid instance
that provides reference data for the swept surfaces.

Informal propositions

IP1: The surfaces constrained are restricted to those swept out by the swept curve, or the curves defining
the swept face or area.

7.4.28 curvesegmentset

The entity data typeurve_segmentsetis a type ofgeometric representation.item that defines a set of
compositecurve_segmentelements, for use in the constrainirve_smoothnessgeometric constraint
as specified in clause 7.4.29.

NOTE Subtyping this entity data type frogeometric_representationitem allows its use as a constrained ele-
ment in a subtype oéxplicit_geometric.constraint. It is not possible to constrain elements of tygamposite-
curve_segmentdirectly, because this type is not a subtypgebmetric.representation.item.
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EXPRESS specification

*
)
ENTITY curve_segment_set
SUBTYPE OF (geometric_representation_item);
segments : SET[1:?] OF composite_curve_segment;
END_ENTITY;

(*

Attribute definitions

segments: A set ofcompositecurve_segmentinstances.

7.4.29 curvesmoothnessgeometric.constraint

The curve_smoothnessgeometric.constraint entity data type is a type axplicit_geometric.con-
straint asserting specified degrees of smoothness at junctions between the indwdpasitecurve -
segmentinstances involved in @@mpositecurve instance.

ISO 10303-42 defines an enumerated tyypasition_codefor specifying this smoothness. Ttransi-
tion_codevalues in an exchanged model reflect the geometric continuity between curve segments at the
time of transfer, but do not require that continuity to be preserved in the receiving system if the model is
subsequently edited. Theirve_smoothnessgeometric.constraint provides the constraint needed for

this purpose. It simply collects together all ttampositecurve_segmentinstances having a particular
transition code value that is intended to be preserved under modification following a model transfer.

NOTE There is no requirement for all the constrained curve segments to belong to the same composite curve.
This constraint may be applied to any or all composite curve segmentsaprasentation that have the same
value oftransition _code

EXPRESS specification

*
)
ENTITY curve_smoothness_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :
SET[1:1] OF curve_segment_set;
smoothness : transition_code;
WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;
END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of instances @bmpositecurve_segment
whose continuity properties are constrained.

smoothness: The transition code value associated with the constrainetbositecurve_segmentin-
stances.
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Formal propositions

WR1: The number of reference elements shall be zero.

7.4.30 surfacepatch_set

The entity data typsurface patch_setis a type ofgeometric representation.item that defines a set of
surface patch elements, for use in the constragtrface smoothnessgeometric.constraint as speci-
fied in clause 7.4.31.

NOTE Subtyping this entity data type frogeometric_representationitem allows its use as a constrained ele-
ment in a subtype aéxplicit_geometric.constraint. It is not possible to constrain elements of typeface patch
directly, because this type is not a subtypgyebmetricrepresentationitem.

EXPRESS specification

*
)
ENTITY surface_patch_set
SUBTYPE OF (geometric_representation_item);
patches : SET[1:?] OF surface_patch;
END_ENTITY;

(*

Attribute definitions

patches: A set ofsurface patch instances.

7.4.31 surfacesmoothnessgeometric_constraint

The surface.smoothnessgeometric.constraint entity data type is a type @Xxplicit_geometric.con-
straint asserting specified degrees of smoothness at boundaries between the inslividoalpatch
instances involved in @ectangular_compositesurfaceinstance.

This constraint is the surface analogue ofdhe/e_smoothnessgeometric.constraint, which applies

to composite curves (see clause 7.4.29). The primary difference is that for composite surfaces there are
two transition codes, one for each parametric direction on the surface. As for composite curves, the
transmittedransition _codevalues reflect the state of geometric continuity of a composite surface at the
time of model transfer, but do not constrain the prescribed conditions to be maintained in the receiving
system if the model is subsequently edited. $hdace smoothnessgeometric.constraint provides

the constraint needed for this purpose. It collects together afiutiace patch instances that have
particular transition code values in their andv-parameter directions that are to be preserved under
modification following a model transfer.

NOTE There is no requirement for all the constrained surface patches to belong to the same composite surface.
This constraint may be applied to any or all surface patches liepaesentation that have the same value of
transition _code

20 ©1S0 2006 — All rights reseved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 10303-108:208(E)

EXPRESS specification

*

)

ENTITY surface_smoothness_geometric_constraint
SUBTYPE OF (explicit_geometric_constraint);
SELF\explicit_constraint.constrained_elements :

SET [1:1] OF surface_patch_set;
u_smoothness : transition_code;
v_smoothness : transition_code;

WHERE
WR1: SIZEOF(SELF\explicit_constraint.reference_elements) = 0;

END_ENTITY;

(*

Attribute definitions

SELF\explicit_constraint.constrained elements: The set of instances stirface patch whose conti-
nuity properties are constrained.

u_smoothness: The transition code value associated withdhgarametric direction of the constrained
surface patch instances.

v_smoothness:The transition code value associated withdhgarametric direction of the constrained
surface patch instances.

Formal propositions

WR1: The number of reference elements shall be zero.

EXPRESS specification

")

END_SCHEMA; -- explicit_geometric_constraint_schema
(*
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8 Sketch
8.1 Introduction

The following EXPRESS declaration begins the sketch schema and identifies the necessary external
references.

EXPRESS specification

*)
SCHEMA sketch_schema,;

REFERENCE FROM product_property _representation_schema -- 1SO 10303-41
(shape_representation);

REFERENCE FROM geometry schema,; -- 1ISO 10303-42

REFERENCE FROM topology schema -- ISO 10303-42
(face_surface);

REFERENCE FROM geometric_model_schema -- 1ISO 10303-42
(solid_model,

surface_model);

REFERENCE FROM representation_schema -- ISO 10303-43
(item_in_context,
mapped_item,
representation,
representation_item_relationship,
representation_map,
using_items,
using_representations);

REFERENCE FROM variational_representation_schema -- 1SO 10303-108
(auxiliary_geometric_representation_item,
variational_representation,
variational_representation_item);

(*

NOTE 1 The schemas referenced above, unless otherwise stated, can be found in the following Parts of ISO

10303:
product _property _representation _schema 1SO 10303-41
geometry _schema ISO 10303-42
topology _schema ISO 10303-42
geometric _model _schema ISO 10303-42
representation _schema ISO 10303-43
variational _representation _schema clause 6 of this part of ISO 10303

NOTE 2 See annex D, Figures D.15 — D.18, for a graphical presentation of this schema.
8.2 Fundamental concepts and assumptions

This schema provides for the representation of sketches, which are planar constructions used as the basis
of many high-level geometric operations in CAD systems.
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NOTE 1 A sketch is sometimes alternatively referred to asddile in the CAD modelling context.

NOTE 2 Itis important to note that, for the purposes of this part of ISO 10303, a sketch is regarded as an actual
or potential constructional element of a three-dimensional model, not an informal drawing.

A distinction is made betweareutralsketches, defined in general two-dimensional coordinate systems,
andpositionedsketches, defined explicitly in terms of three-dimensional geometric elements in the space
of the model they participate in. A means is provided for linking the definition of a positioned sketch
with that of a neutral sketch to which it may be related by a mapping or transformation.

Because a positioned sketch participates directly in a CAD model, the entity dgt@s$jtned sketch

defined in this schema is specified as a subtyggometric representation.item (see 1ISO 10303-42).

A neutral sketch, on the other hand, is not part of the CAD model, because it is not defined in the same
space. It may however play an indirect role in a CAD model if a mapped replica of it is used to generate

a positioned sketch. A neutral sketch has an independent existence, may be re-used multiple times and
may be stored in a library. Neutral sketches are therefore modelled as instaneesralf sketch -
representation, defined as a subtype of the ISO 10303-43 entity datarggresentation

In general, constraint relationships may apply to the elements of a sketch, and in the positioned sketch
case further constraints may also be specified between those elements and reference elements in the form
of imported pointorimported curvesThese are referred to collectivelyiagported geometrybecause

they are implicitly defined in terms of ‘external’ elements that do not lie in the plane of the sketch.
Representations are provided in this schema for several types of imported points and curves.

EXAMPLE One form of imported curve is defined by projecting an external curve in a specified direction onto
the plane of a positioned sketch.

NOTE 3 Two-dimensional sketches may be used in the early stages of assembly design, constituent parts being
represented by their outline shapes. Three-dimensional assembly constraints may then later be derived from the
two-dimensional sketch constraints.

Provision is also made for the representation of partial sketches (‘subsketches’), as portions of complete
sketches that may have some special significance in a design.

8.3 Sketch type definitions
8.3.1 surfaceor_solid_-model

The surface.or_solid_-model type allows a selection between the ISO 10303-42 entity data sypes
face.model andsolid_model.

NOTE This type is used in the definition of thmplicit _.modeLintersection_curve andimplicit _silhouette -
curve entity data types defined in clauses 8.4.7 and 8.4.8.

EXPRESS specification

*

)

TYPE surface_or_solid_model = SELECT
(surface_model,
solid_model);

END_TYPE;

(*
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8.3.2 planar_curve_select

Theplanar_curve_selecttype allows a selection between various 1ISO 10303-42 possibilities for explicit
representations of planar three-dimensional curves.

NOTE 1 Such a curve may be used as the basis for an instarmesitfoned sketchas defined in clause 8.4.10.

NOTE 2 Lines and conics are planar by definition. In CAD practice, any more complex type of planar three-
dimensional curve will normally be defined on a pre-existing plane, either directly or by transformation of a neutral
sketch onto that plane. For that reason the following ISO 10303-42 curve types, not in general associated with
planes, are omitted from th&eLECT list:

— polyline;

— b_spline_curve;

— compositecurve.

If it is desired to use a three-dimensional planar curve of one of these types as the basis of a positioned sketch

it will be appropriate to represent it by an instancesafface_curve with a planar basis surface, whose attribute
curve_3d references the required instancepafyline, b_spline_curve or compositecurve.

NOTE 3 The ISO 10303-42 entity data typarve_replica has also been excluded from tBeLECT list because
it is an implicit representation in terms of a base curve and a transformation.

NOTE 4 The ISO 10303-42 entity data typéfset.curve_3d has additionally been excluded from tBeLECT
list because it is also implicitly defined, and the definition is such that no general test for planarity is possible.

EXPRESS specification

*
)
TYPE planar_curve_select = SELECT
(line,
conic,
trimmed_curve,
pcurve,
surface_curve);
WHERE
WR1: SELF\geometric_representation_item.dim = 3;
WR2: check_curve_planarity(SELF);
END_TYPE;

(*

Formal propositions

WR1: The curve shall be three-dimensional.

WR2: The curve shall be planar.

NOTE 5 IftheseLECT value istrimmed _curve its validity can only be checked by WR2 if the underlying basis
curve is of one of the other folBELECT types. It is difficult or impossible to provide a formal check for other
cases, but these are not likely to be important in practice.
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8.3.3 sketchelementselect

The sketch.elementselecttype allows a selection between those types of element that may be used to
define the geometry of a sketch. The two basic element types provided h@@@irdrand curve as
defined in ISO 10303-42, but tleeLECT list may be extended in other parts of ISO 10303 to include
additional types of geometric sketch element that cannot be defined as subtypies of curve.

EXAMPLE [SO 10303-42 requires any instanceanirve or its subtypes to have an associated parameterization.
It may be convenient to define sketch elements that have the geometric properties of curves but have no associated
parameterization.

EXPRESS specification

*
)
TYPE sketch_element_select = EXTENSIBLE SELECT
(point,
curve);
WHERE
WR1: 'GEOMETRY_SCHEMA.GEOMETRIC_REPRESENTATION_ITEM' IN TYPEOF(SELF);
END_TYPE;

(*

Formal propositions

WR1: Membership of theeLECT list defined in any extension of this type shall be restricted to subtypes
of geometricrepresentationitem as defined in 1ISO 10303-42.

8.3.4 sketchbasis select
The sketch basis selecttype allows a selection between those subtypegometric representation -
item that may serve as the basis for the definition of an instaresitfoned.sketch(see clause 8.4.10).

They are all entities that may be used in the creation of the swept surface and solid entities defined in
ISO 10303-42.

EXPRESS specification

*

)

TYPE sketch_basis_select = SELECT
(planar_curve_select,
curve_bounded_surface,
face_surface);

END_TYPE;

(*
8.3.5 sketchtype_select

The sketch.type_selecttype allows a selection between the three primary forms of sketch or partial
sketch definition provided in this schema, tieutral_sketch.representation the positioned. sketch
and thesubsketch
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EXPRESS specification

*

)

TYPE sketch_type select = SELECT
(neutral_sketch_representation,
positioned_sketch,
subsketch);

END_TYPE;

(*
8.3.6 curvesor_area
The typecurves or_area has two enumerated values, which determine whether a neutral sketch is to be

interpreted as a set of general curves or as the area enclosed by a set of closed curves. This type is used
in the definition oneutral_sketch.representation (see clause 8.4.9).

EXPRESS specification

“)

TYPE curves_or_area = ENUMERATION OF
(curves, area);

END_TYPE;

(*

Enumerated item definitions

curves: The neutral sketch shall be interpreted as a set of general two-dimensional curves;

area: The neutral sketch shall be interpreted as the area bounded by a set of closed two-dimensional
curves.

8.4 Sketch entity definitions
8.4.1 implicit_point_on_plane

The entity data typénplicit _point_on_plane is a type ofpoint, and also ofiuxiliary _geometric.rep-
resentationitem. It is the abstract supertype of a class of implicitly defined points lying in the plane of

a positioned sketch (see clause 8.4.10) for use as reference elements in constraints. It has an attribute
computed.representation of typecartesian point, that provides an explicit representation of the point

as computed from the implicit representation in the originating system.

NOTE 1 This entity data type has not been defined as a subtypeinf_on_surface as defined in ISO 10303-
42, becaus@oint_on_surface requires the point to be defined explicitly in the parameter space of the surface
concerned.

NOTE 2 The attributeomputed representationmay be used to distinguish between multiple possibilities aris-
ing from the implicit definition, for example to identify a specific point of intersection with the sketch plane of a
curve that has multiple intersections with it.
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EXPRESS specification

*
)
ENTITY implicit_point_on_plane
ABSTRACT SUPERTYPE OF (ONEOF
(implicit_planar_intersection_point,
implicit_planar_projection_point))
SUBTYPE OF (point, auxiliary_geometric_representation_item);
using_sketch  : positioned_sketch;
computed_representation
. cartesian_point;
DERIVE
plane_of point :
plane := get plane_of_implicit_geometry(using_sketch);
WHERE
WR1: (plane_of point\elementary_surface.position.location =
computed_representation) XOR
(dot_product(plane_of_point\elementary_surface.position.p[3],
get_relative_direction_2points
(plane_of_point\elementary_surface.pasition.location,
computed_representation)) = 0);

WR2: SIZEOF(TYPEOF(computed_representation) *
[[SKETCH_SCHEMA.IMPLICIT_POINT_ON_PLANE’,
'"GEOMETRY_SCHEMA.POINT_REPLICA]) = 0;

END_ENTITY;

(*

Attribute definitions

using sketch: Thepositioned sketchinstance whose plane contains the implicitly defined point.

computed.representation: An explicit representation of the point, computed from the implicit repre-
sentation.

plane_of_point: The plane of th@ositioned sketchinstance that contains timaplicit _point_on_plane.

Formal propositions

WR1: Either thecomputed point calculated from the implicit representation shall coincide with the
defining point of the specified plane, or it shall lie in that plane.

WR2: The computed representation of the implicitly defined point shall not be ofrtygieit _point_-
on_plane or point_replica.

NOTE 3 WRL1 tests whether the relative position vector of one point with respect to the other lies in the sketch
plane by establishing whether it is perpendicular to the plane normal. This must be the case if the computed point
lies in the plane but does not coincide with the point defining that plane.

NOTE 4 WR2 s intended to ensure that the computed representation of the point specifies its position explicitly,
either in terms of its coordinates in model space or in an appropriate parametric coordinate system.
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8.4.2 implicit_planar_intersection_point
The entity data typ@émplicit _planar_intersection_point is a type ofimplicit _point_on_plane. It pro-

vides an implicit representation for a point generated by the intersection of a three-dimensional curve
with the plane of ositioned.sketchinstance.

EXPRESS specification

*

)

ENTITY implicit_planar_intersection_point
SUBTYPE OF (implicit_point_on_plane);
external_curve : curve;

END_ENTITY;

(*

Attribute definitions

external_curve: The external curve whose intersection with the sketch plane defines the point.

Informal propositions

IP1: The curve intersects the plane of the sketch.

IP2: The curve does not lie in the plane of the sketch.
8.4.3 implicit_planar_projection_point
The entity data typémplicit _planar_projection_point is a type ofimplicit _point_on_plane. It pro-

vides an implicit representation for a point generated by the parallel projection of an external point in a
specified direction onto the plane gbpasitioned sketchinstance.

EXPRESS specification

)
ENTITY implicit_planar_projection_point
SUBTYPE OF (implicit_point_on_plane);

external_point . point;
projection_direction : direction;
END_ENTITY;

(*

Attribute definitions

external_point: The external point whose projection onto the sketch plane defines the implicit point.

projection_direction: The direction of projection of the external point onto the sketch plane.
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Informal propositions

IP1: If the external point lies in the sketch plane, the imported projected point shall be geometrically
identical with it.

IP2: If the external point does not lie in the sketch plane, the direction of projection shall be such that
the external point is projected onto the sketch plane.

8.4.4 implicit_planar_curve

The entity data typemplicit _planar_curve is a type ofcurve, and also ofwuxiliary _geometric_repre-
sentation.item. It is the abstract supertype of a class of implicitly defined curves lying in the plane of

a positioned sketch (see clause 8.4.10) for use as reference elements in constraints. It has an attribute
computed.representation also of typecurve, that specifies an explicit approximation to the curve,
computed in the originating system from the primary implicit definition.

NOTE 1 None of the various ISO 10303-42 entities for defining curves on surfaces was appropriate as a super-
type for this entity data type, which may represent a curve that is either bounded or unbounded, and either simple
or composite.

NOTE 2 The attributeomputed representationmay be used to distinguish between multiple possibilities aris-,

ing from the implicit definition, for example to identify one of several curves of intersection of a solid model with
the sketch plane. :

EXPRESS specification

*
)
ENTITY implicit_planar_curve
ABSTRACT SUPERTYPE OF (ONEOF
(implicit_intersection_curve,
implicit_projected_curve,
implicit_model_intersection_curve,
implicit_silhouette_curve))
SUBTYPE OF (curve, auxiliary_geometric_representation_item);

using_sketch . positioned_sketch;
computed_representation . curve;
DERIVE

curve_plane : plane
:= get_plane_of_implicit_geometry(using_sketch);
WHERE
WR1: SIZEOF(TYPEOF(computed_representation) *
[[SKETCH_SCHEMA.IMPLICIT_PLANAR_CURVE/,
'GEOMETRY_SCHEMA.CURVE_REPLICA']) = 0;
END_ENTITY;

(*

Attribute definitions

using_sketch: Thepositioned.sketchinstance in which the imported implicit curve is used.
computed.representation: A computed explicit representation of the imported curve.

curve_plane: The plane of the sketch with which the imported curve is associated.
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Formal propositions

WR1: The computed representation shall not be of typaicit _planar_curve or curve_replica.

NOTE 3 WRL1 ensures that the computed curve has an explicit representation.
8.4.5 implicit_intersection_curve
The entity data typémplicit _intersection.curve is a type ofimplicit _planar_curve. It provides an

implicit representation for an imported intersection curve in the plangositioned sketchinstance.
The curve is defined by intersection of a specified surface with the plane of the sketch.

EXPRESS specification

*

)

ENTITY implicit_intersection_curve
SUBTYPE of (implicit_planar_curve);
external_surface : surface;

END_ENTITY;

(*

Attribute definitions

external_surface: Thesurfaceelement used to define the intersection curve.

Informal propositions

IP1: The intersection of the sketch plane with the specified model is non-null.

IP2: The external surface is not a plane parallel to or identical with the sketch plane.

NOTE Theintersection curve entity data type from ISO 10303-42 was not used for this purpose because not
all the attributes of its supertypes are relevant in the context of a sketch.

8.4.6 implicit_projected_curve
The entity data typamplicit _projected_curve is a type ofmplicit _planar_curve. It provides an implicit

representation for an imported curve generated by parallel projection of an external curve onto the plane
of apositioned.sketchinstance. :

EXPRESS specification

)
ENTITY implicit_projected_curve
SUBTYPE of (implicit_planar_curve);

external_curve . curve;
projection_direction : direction;
END_ENTITY;

(*
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Attribute definitions

external_curve: The externaturve element used to define the projected curve.

projection_direction: The direction of projection of the external curve onto the sketch plane.

Informal propositions

IP1: If the external curve lies in the sketch plane the imported projected curve shall be identical to it.

IP2: If the external curve does not lie in the sketch plane then the direction of projection shall be such
that the curve is projected onto the sketch plane.

8.4.7 implicit_.modeLintersection_curve

The entity data typamplicit _.modelintersection_curve is a type ofimplicit _planar_curve. It provides
an implicit representation for an imported curve defined by the intersection of the plgmesifaned -
sketchinstance with a surface model or a solid model.

NOTE The explicit computed version of the intersection curve (corresponding to the attcitmmeuted repre-
sentation of theimplicit _planar_curve supertype) will generally be a composite curve.

EXPRESS specification

*

)

ENTITY implicit_model_intersection_curve
SUBTYPE of (implicit_planar_curve);
intersected_model : surface_or_solid_model;

END_ENTITY;

(*

Attribute definitions

intersectedmodel: Thesurface or_solid.modelinstance used as the basis for generating the intersec-
tion curve.

Informal propositions

IP1: The intersection of the sketch plane with the specified model is non-null.

8.4.8 implicit_silhouette curve

The entity data typenplicit _silhouette_curve is a type ofimplicit _planar_curve. It provides an implicit
representation for an imported silhouette curve in the plangos$iioned sketchinstance. The curve

is generated by parallel projection of the visual profile of a solid or surface model, viewed in a specified
direction, onto the plane of the sketch.

NOTE The explicit computed version of the silhouette curve (corresponding to the attdbatputed.repre-
sentation of theimplicit _planar _curve supertype) will generally be a composite curve.
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EXPRESS specification

*

)

ENTITY implicit_silhouette_curve
SUBTYPE of (implicit_planar_curve);
silhouetted_model : surface_or_solid_model;
view_direction . direction;

END_ENTITY;

(*

Attribute definitions

silhouetted. model: Thesurface or_solid_-modelused as the basis for generating the silhouette curve.

view_direction: The direction of projection of the surface or solid model profile onto the sketch plane.

Informal propositions

IP1: The position of the specified model and the view direction are consistent with the existence of a
non-null silhouette curve on the sketch plane.

8.4.9 neutralsketch.representation

The neutral _sketch.representation entity data type is a type ahaperepresentation It represents

a planar configuration of geometry defined in a neutral 2D coordinate space. Such sketches are often
stored in a libraries for reuse in a variety of circumstances. A neutral sketch may be interpreted either as
a set of general curves or as the area bounded by a set of non-intersecting closed curves. The two cases
are distinguished by the value of the attribogaitral_sketch.semantics In the general curve case, no
specific structural relationships are defined between the elements of the sketch.

NOTE A neutral sketch often represents an initial element in the generation of a new model or a new feature of
an existing model. It can be repositioned in 3D model space by means of a transformation. Such a repositioned
sketch may be used in the generation of a swept surface or solid of extrusion or revolution, or as a cross-sectional
curve in the generation of an interpolated ‘skinned’ or lofted free-form surface.

An instance ofneutral_sketch.representation may participate as the current result in an instance of

variational _representation(see clause 6.3.3). This permits the association of parameters and constraints
with the geometric elements of the sketch.

EXPRESS specification

*
)
ENTITY neutral_sketch_representation
SUBTYPE OF (shape_representation);
neutral_sketch_semantics : curves_or_area;
SELF\representation.items : SET[1:?] OF sketch_element_select;
WHERE
WR1: SIZEOF(QUERY(q <* SELF\representation.items | g.dim <> 2)) = 0;
END_ENTITY;

(*
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Attribute definitions

neutral_sketch.semantics: A two-valued attribute determining whether the sketch is to be interpreted
as a set of general curves or as the area bounded by a set of closed curves.

SELF\representation.items: A set of geometric elements that compose the geometry of the sketch.

Formal propositions

WR1: The dimensionality of every item involved in the geometry of the neutral sketch shall be 2.

Informal propositions

IP1: If the sketch defines an area, then its geometry shall consist entirely of closed curves that have no
intersections with each other.

IP2: If the sketch defines an area and the geometry of that area is defined by more than one curve then
one of the defining curves shall be an outer boundary curve enclosing all the others.

8.4.10 positionedsketch

The entity data typeositioned sketchis a type ofgeometric representationitem. It provides a rep-
resentation for a planar geometric configuration that may be subjected to a sweep operation or used as a
section curve in the construction of a skinned or lofted surface. In a CAD system, such a configuration
may be created directly in three dimensional model space or may be derived from a neutral sketch by
the application of a transformation. Explicit geometric representations have therefore been provided for
both neutral and positioned sketches.

NOTE 1 Conversely, it is also possible for a positioned sketch to be created in three dimensions and then for
a neutral two-dimensional sketch representation to be derived from it. The same sketch may then be re-used in
multiple locations and orientations in a model.

ISO 10303-42 defines the following entities resulting from the performance of sweep operations:

sweptfacesolid: the result of sweeping an instancdadfe surface
sweptarea solid: the result of sweeping an instancecafve_bounded surface

sweptsurface: the result of sweeping an instancecafve.

For this reason, the three entity data typesve, curve_bounded surface and face surface are all
permitted as the basis of a positioned sketch.

NOTE 2 Inthe first and second cases ISO 10303-42 requires the swept entities to be planar. For the purposes of
this schema a curve forming the basis of a positioned sketch is also required to be planar — a 3D curve would be
inconsistent with the notion of a linear mapping between a 2D neutral sketch and a 3D positioned sketch.

ISO 10303-42 also defines the entity data typetionedspine, a representation of the shape of a three
dimensional object defined in terms o$pine curveand a humber of planar cross-sections positioned
and oriented at points on that curve. A surface or a solid may be defined, depending on whether the
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cross-sectional curves are open or closed. Instangessidfoned.sketch based on planar curves are
suitable for the representation of the cross-sectional curves of an instaectiafiedspine

If a mapping relationship exists betweepasitioned sketchinstance and aeutral_sketch.represen-
tation instance it may be captured by the useegfositioned neutral_sketch (see clause 8.4.11) and
implicit _explicit_neutral_sketch._relationship (see clause 8.4.12).

Auxiliary geometric elements may be defined in the plane of a positioned sketch, to act as reference
elements for constraints on geometric elements of the sketch itself. Such auxiliary elements may include
instances not only of the implicitly defined types of points and curves defined in this schema, but also
more general types of points and curves used as reference elements.

The variational capabilities defined in earlier schemas of this part of ISO 10303 (including, in particular,
parameterization and constraints) may be applied to the elements of a positioned sketch. In that case any
representation in which the positioned sketch patrticipates shall necessarilyatiatienal _represen- :
tation in its type list.

EXPRESS specification

*
)
ENTITY positioned_sketch
SUBTYPE OF (geometric_representation_item);
sketch_basis . sketch_basis_select;
auxiliary_elements
SET[0:?] OF auxiliary_geometric_representation_item;
WHERE
WR1: NOT ((GEOMETRY_SCHEMA.CURVE_BOUNDED_SURFACE’ IN
TYPEOF(sketch_basis)) AND NOT (GEOMETRY_SCHEMA.PLANE’ IN
TYPEOF(sketch_basis.basis_surface)));
WR2: NOT ((TOPOLOGY_SCHEMA.FACE_SURFACE’' IN TYPEOF(sketch_basis)) AND
NOT (GEOMETRY_SCHEMA.PLANE' IN TYPEOF(sketch_basis.face_geometry)));
WR3: SIZEOF(QUERY(gq <* auxiliary_elements | (SIZEOF(TYPEOF(q) *
[GEOMETRY_SCHEMA.POINT'GEOMETRY_SCHEMA.CURVE’]) = 0))) = 0;
WR4: SIZEOF(QUERY(gq <* auxiliary_elements |
g\geometric_representation_item.dim <> 3)) = 0;
END_ENTITY;
(*

Attribute definitions

sketch.basis: The instance oplanar_curve_select curve_bounded.surface or face surface that de-
fines the geometry of the positioned sketch.

auxiliary _elements: Imported or other auxiliary geometric elements with respect to which geometric
elements of the sketch may be constrained.

Formal propositions

WR1: If the basis of the sketch is of typeirve_bounded.surfacethen the underlying surface shall be
planar.
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WR2: If the basis of the sketch is of tyfi@ce surfacethen the face geometry shall be planar.
WR3: All members of the satuxiliary _elementsshall be curves or points.

WR4: All members of the saduxiliary _elementsshall have dimension 3.

Informal propositions

IP1: All points and curves in the satixiliary _elementsthat are not instances of subtypesnoplicit _-
point_on_plane or implicit _planar_curve shall lie in the plane of the positioned sketch.

8.4.11 repositionedneutral_sketch

The entity data typeepositioned.neutral_sketchis a type ofmapped.item, and also ofyjeometric -
representation.item. It provides (through the attributes of itsapped.item supertype) details of the
transformation applied to a two-dimensionaltral _sketch.representationinstance to reposition it in
three-dimensional model space. This entity data type only defines the sketch geometry implicitly, in
terms of the neutral sketch geometry and the transformation applied; it is provided primarily to capture
details of the transformation.

NOTE 1 The transformation has the effect of raising the dimensionality of the geometric elements of the original
neutral sketch from two to three.

NOTE 2 The manner in which the transformation is specified also allows determination of the inverse transfor-
mation giving the mapping from the positioned form of the sketch to the neutral form, though in this case the
dimensionality of the geometric elements will be decreased from three to two.

NOTE 3 Normally the geometry of a positioned sketch will also be captured explicitly by an instarpe of
sitioned sketch The entity data typémplicit _explicit_positioned sketch relationship (see clause 8.4.12) has
been provided to establish a link between the implicit and explicit formulations of the same positioned sketch.

j: EXPRESS specification

*
)
ENTITY repositioned_neutral_sketch
SUBTYPE OF (mapped_item, geometric_representation_item);
DERIVE
map : representation_map := SELF\mapped_item.mapping_source;
WHERE
WR1 : 'SKETCH_SCHEMA.NEUTRAL_SKETCH_REPRESENTATION’
IN TYPEOF(map.mapped_representation);
WR2 : 'GEOMETRY_SCHEMA.AXIS2_PLACEMENT 2D’ IN
TYPEOF(map.mapping_origin);
WR3 : 'GEOMETRY_SCHEMA.AXIS2_PLACEMENT 3D’ IN
TYPEOF(SELF\mapped_item.mapping_target);
END_ENTITY;

(*

Attribute definitions

map: The source information for the repositioning (see below).
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SELF\mapped.item.mapping_source: An ISO 10303-43epresentationmap whose attributes are

mapped.representation: therepresentationwhose geometry is being mapped, in this casela
tral _sketch.representation

mapping_origin: a representation.item from thatrepresentation, in this case amxis2.place-
ment 2d.

SELF\mapped.item.mapping_target: This axis2 placement3d defines the location and orientation

in three dimensional space of ttepositioned neutral_sketch The two-dimensionat- andy-axes of

the neutral sketch are aligned with the corresponding axes of the three-dimensional coordinate system of
the positioned sketch.

Informal propositions

IP1: Themapping_origin shall be the two-dimensional axis system ofritepped.representation

IP2: If the instance oheutral_sketch.representation that is repositioned participates as the current

result in an instance ofariational _representationbecause it has associated parameters and constraints
(see clause 6), those parameters and constraints shall be considered to be reformulated so as to apply
to the geometric elements of the transformed sketch in a manner consistent with their application to the
corresponding elements in the original neutral sketch.

IP3: Conversely, if the instance ofeutral_sketch.representation has been derived from an original
instance opositioned sketch having variational data associated with its elements then it shall play the
role of current result in an instance wdriational _representation and the relationships between the
transformed and untransformed variational data shall be similarly consistent.

8.4.12 implicit_explicit_positioned sketch relationship

The entity data typémplicit _explicit_positioned sketch.relationship is a type ofrepresentation. -
item_relationship, defining the relationship between implicit and explicit representations of a positioned
sketch. These are, respectively, instances of tygmssitioned neutral_sketchandpositioned.sketch

both are subtypes ofpresentation.item.

EXPRESS specification

*
)
ENTITY implicit_explicit_positioned_sketch_relationship
SUBTYPE OF (representation_item_relationship);
SELF\representation_item_relationship.relating_representation_item
. repositioned_neutral_sketch;
SELF\representation_item_relationship.related_representation_item
. positioned_sketch;
WHERE
WR1: SIZEOF(QUERY(g <* using_representations(
SELF\representation_item_relationship.related_representation_item) |
item_in_context(
SELF\representation_item_relationship.relating_representation_item,
g.context_of items))) > O;
END_ENTITY;

(*
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Attribute definitions

SELF\representation.item_relationship.relating_representation.item: An implicit, transformation-
based, definition of a positioned sketch.

SELF\representation.item_relationship.related_representationitem: The explicit definition of the
same positioned sketch.

Formal propositions

WR1: The implicit and explicit representations of the positioned sketch shall share at least one common
representation context.

8.4.13 subsketch

The entity data typsubsketchis a type ofgeometric representationitem, defining a partial sketch in
terms of a subset of the geometric elements composing a full sketch.

NOTE 1 The geometric elements of a subsketch may be partial geometric elements of the owning sketch, as in
the case when the subsketch references just one base curve of an instanogpositecurve occurring in the
owning sketch.

NOTE 2 The ISO 10303-42 concept géometric.representation.context, with its associated dimensionality
attribute, ensures that all elements of a subsketch necessarily share the dimensionality of their owning sketch.
This will be 2 in the case of an instance oéutral _sketch representationand 3 in the case of an instance of
positioned sketch If the referenced owning sketch is itself an instanceabsketchthen this principle applies
recursively.

NOTE 3 Any variational elements associated with the definition of the full sketch shall apply also in the context
of the subsketch insofar as they specify relationships between elements that occur in the subsketch.

EXPRESS specification

)
ENTITY subsketch
SUBTYPE OF (geometric_representation_item);
subsketch_elements : SET[1:?] OF sketch_element_select;
owning_sketch . sketch_type_select;
WHERE
WR1: ((SKETCH_SCHEMA.NEUTRAL_SKETCH_REPRESENTATION’
IN TYPEOF(owning_sketch)) AND (SIZEOF(QUERY(q <*
subsketch_elements | NOT (owning_sketch IN
using_representations(q)))) = 0))
XOR
((SIZEOF(TYPEOF(owning_sketch) *
[[SKETCH_SCHEMA.POSITIONED_SKETCH','SKETCH_SCHEMA.SUBSKETCH) = 1)
AND
(SIZEOF(QUERY(q <* subsketch_elements |
NOT (owning_sketch IN using_items(q,[])))) = 0));
END_ENTITY;

(*
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Attribute definitions

subsketchelements: The set of geometric elements composing the subsketch.

owning_sketch: The sketch of which the subsketch forms a part.

Formal propositions

WR1: All geometric elements belonging to the subsketch shall be used, directly or indirectly, by the
owning sketch.

8.4.14 rigid_subsketch

The entity data typeigid _subsketchis a type ofsubsketchwith specific semantics. The elements of

an instance ofigid _subsketchare required to remain invariant in shape and in their relationships with
respect to each other when the sketch to which they belong is edited, while the location and orientation
of the subsketch as a whole may change subject to constraint relationships with other elements not
belonging to the subsketch. The intended effect is that the group of elements behaves as a rigid body.

EXPRESS specification

*

)

ENTITY rigid_subsketch
SUBTYPE OF (subsketch);

END_ENTITY;

(*

Informal propositions

IP1: The elements composing an instancegifl _subsketchshall transform as a rigid ensemble when
the sketch of which they form a part is modified.

8.5 Sketch function definitions
8.5.1 getrelative_direction_2points

Thegetrelative_direction_2points function calculates the relative direction of one cartesian point with
respect to another. The output direction is not normalized.

NOTE This function does not provide geometric founding for tlrection returned. The caller of the functionis
responsible for ensuring that, where appropriate, it is used@pgesentationwith ageometric representation -
context.

EXPRESS specification

*
)
FUNCTION get_relative_direction_2points
(cpl, cp2 : cartesian_point) : direction;
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LOCAL

dl, d2, d3, magnitude : REAL;

result . direction = ?;
END_LOCAL;

-- check that input points are three-dimensional

IF ((cpl.dim <> 3) OR (cp2.dim <> 3)) THEN
RETURN(result);
ELSE

-- construct components of vector and compute its magnitude

BEGIN
di cp2.coordinates[1] - cpl.coordinates[1];
d2 := cp2.coordinates[2] - cpl.coordinates[2];
d3 cp2.coordinates[3] - cpl.coordinates[3];
magnitude := sqrt(d1*dl + d2*d2 + d3*d3);
IF (magnitude = 0) THEN
return(result); -- direction is indeterminate in this case
END_IF;
result := dummy_gri || direction([d1, d2, d3]);
END;
END_IF;
RETURN(result);

END_FUNCTION,;
(*

Argument definitions

cpl: The firstcartesian point.

cp2: The secondartesian.point, whose relative direction from the first is to be determined.
8.5.2 checkcurve_planarity

The check curve_planarity function checks whether a given three-dimensional curve is planar. Those
types of curve that are provided $E.ECT types byplanar_curve_select(see clause 8.3.2) but are not
examined by this function are automatically planar by virtue of their mode of definition.

EXPRESS specification

*
)
FUNCTION check_curve_planarity (checked_curve: curve) : BOOLEAN;
LOCAL
crv . curve := checked_curve;
i,j : INTEGER;
result : LOGICAL := UNKNOWN;
END_LOCAL,;
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-- Determine whether the curve lies on a plane, according to its type

IF (SIZEOF(GEOMETRY_SCHEMA.CONIC'GEOMETRY_SCHEMA.LINET *
TYPEOF(crv)) > 0)
THEN result := TRUE;
ELSE
IF ((GEOMETRY_SCHEMA.TRIMMED_CURVE' IN TYPEOF(crv))
AND check_curve_planarity(crv.basis_curve))
THEN result := TRUE;
ELSE
IF ((GEOMETRY_SCHEMA.PCURVE' IN TYPEOF(crv))
AND (GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(crv.basis_surface)))
THEN result := TRUE;
ELSE
IF (GEOMETRY_SCHEMA.SURFACE_CURVE' IN TYPEOF(crv))
THEN
BEGIN
REPEAT j := 1 TO HIINDEX(crv.basis_surface);
IF (GEOMETRY_SCHEMA.PLANE' IN TYPEOF(crv.basis_surfacelj]))
THEN result := TRUE;
END_IF;
END_REPEAT,;
END;
END_IF;
END_IF;
END_IF;
END_IF;

RETURN(result);
END_FUNCTION;
(*

Argument definitions

checkedcurve: The curve whose planarity is to be established.

8.5.3 getplane_of_implicit _geometry

The get plane_of_implicit _geometry function determines the plane associated with an instanioe- of
plicit _point_on_plane or implicit _planar_curve.

NOTE 1 Both these entity data types define the geometric element concerned in terms of a specified interaction
between the plane of the positioned sketch in which it lies and some external element. The identity of the plane
is therefore obtained from the definition of the owning positioned sketch, and more specifically from the relevant
attribute of the entity instance on which the sketch is based. This may be ofagpsurface, curve_bounded -

surface or planar_curve_select In the first two cases the underlying surface is constrained to be planar by a
WHERE rule in the definition ofpositioned sketch (see clause 8.4.10).

NOTE 2 If the geometry of a sketch consists of a single line segment then this function returns an indeterminate
result because the geometry does not define a unique plane.
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EXPRESS specification

*)
FUNCTION get plane_of _implicit_geometry
(ps : positioned_sketch) : plane;

LOCAL
sb . sketch_basis_select := ps.sketch_basis;
result : plane = ?;

END_LOCAL;

determine plane of implicit geometry from the underlying entity data

type of its owning instance of positioned_sketch_representation. If

the sketch basis is of type planar_curve_select then the planarity

of the curve is guaranteed by a WHERE rule on the SELECT type of that
-- hame.

IF (TOPOLOGY_SCHEMA.FACE_SURFACE' IN TYPEOF(sb)) THEN
result := sb.face_geometry;
ELSE
IF (GEOMETRY_SCHEMA.CURVE_BOUNDED_SURFACE' IN TYPEOF(sb)) THEN
result := sb.basis_surface;
ELSE
IF (SKETCH_SCHEMA.PLANAR_CURVE_SELECT' IN TYPEOF(sb)) THEN
BEGIN

IF (GEOMETRY_SCHEMA.CONIC’ IN TYPEOF(sh))
THEN result := dummy_gri || surface() ||
elementary_surface(sb.position) || plane();
END_IF;

IF (GEOMETRY_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(sbh))
THEN
BEGIN
result := get_plane_of_implicit_geometry(
dummy _gri || positioned_sketch(sb.basis_curve,[]));
END;
END_IF;

IF (GEOMETRY_SCHEMA.PCURVE' IN TYPEOF(sb))
THEN result := sb.basis_surface;
END_IF;

IF (GEOMETRY_SCHEMA.SURFACE_CURVE' IN TYPEOF(sb)) THEN
BEGIN
IF ((SIZEOF(sb.basis_surface) = 1) -- case of one basis surface
AND (GEOMETRY_SCHEMA.PLANE’' IN TYPEOF(sh.basis_surface[1])))
THEN result := sb.basis_surface[1];
ELSE -- case of two basis surfaces
IF ('GEOMETRY_SCHEMA.PLANE’ IN TYPEOF(sb.basis_surface[1]))
AND (GEOMETRY_SCHEMA.PLANE' IN TYPEOF(sb.basis_surface[2])))
THEN result := ?;
-- both basis surfaces are planes, their intersection curve
-- is a line, and no unique plane is defined
ELSE -- only one of the two basis surfaces is a plane
IF (GEOMETRY_SCHEMA.PLANE’' IN TYPEOF(sbh.basis_surface[1]))
THEN result := sbh.basis_surface[1];
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ELSE result := sb.basis_surface[2];
END_IF;
END_IF;
END_IF;
END;
END_IF;
END;
END_IF;
END_IF;
END_IF;

RETURN(result);
END_FUNCTION;
(*

Argument definitions

ps: Thepositioned sketchwhose associated plane is to be determined.

EXPRESS specification

)
END_SCHEMA; -- sketch_schema
(*
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Annex A
(normative)

Short names of entities

Table A.1 provides the short names of entities specified in this part of ISO 10303. Requirements on the
use of short names are found in the implementation methods included in ISO 10303.

Table A.1 — Short names of entities

\ Entity data type names | Short names|

agcwith _dimension AGWTDM
angle.geometric_constraint ANGMCN
auxiliary _geometricrepresentation.item AGRI
bound_modelLparameter BNMDPR
bound_parameter_environment BNPREN
cdgcwith_dimension CDWTDM
clgc_with _dimension CLWTDM
coaxialLgeometric.constraint CXGMCN
curve_distance.geometric_constraint CDGC
curve_length_geometric.constraint CLGC
curve_segmentset CRSGST
curve_smoothnessgeometric.constraint CSGC
defined constraint DFNCNS
equalparameter_constraint EQPRCN
explicit_constraint EXPCNS
explicit_geometric.constraint EXGMCN
fixed_elementgeometric.constraint FEGC
fixed_instance attribute _set FIAS
free_form _assignment FRFRAS
free_form _constraint FRFRCN
free_form _relation FRFRRL
generatedfinite_numeric_space GFNS
implicit _explicit_positioned.sketch.relationship IEPSR
implicit _intersection_curve IMINCR
implicit _modelintersection.curve IMIC
implicit _planar_curve IMPLCR
implicit _planar_intersection_point IPIP
implicit _planar_projection_point IPPP
implicit _point_on_plane IPOP
implicit _projected_curve IMPRCR
implicit _silhouette curve IMSLCR
incidence.geometric.constraint INGMCN
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114

Table A.1 — (continued)

Entity data type names

| Short names|

instance attribute _reference INATRF
model parameter MDLPRM
near_point_relationship NRPNRL
neutral_sketch.representation NTSKRP
parallel_geometric_constraint PRGMCN
parallel_offset geometric constraint POGC
pdgc_with _dimension PDWTDM
perpendicular_geometric.constraint PRG2
pgc.with _dimension PGWTDM
pogcwith _dimension PGWO
point_distance. geometric constraint PDGC
positioned sketch PSTSKT
radius_geometric_constraint RDGMCN
repositioned.neutral_sketch RPNTSK
rgc_with _dimension RGWTDM
rigid _subsketch RGDSBS
sdgcwith _dimension SDWTDM
simultaneousconstraint_group SMCNGR
skew line_distance. geometric.constraint SLDGC
subsketch SBSKTC
surface distance geometric constraint SDGC
surface patch_set SRPTST
surface.smoothnessyeometric_constraint SSGC
sweptcurve_surface.geometric.constraint SCSGC
swept point_curve_geometric.constraint SPCGC
symmetry_geometric.constraint SYGMCN
tangent.geometric_constraint TNGMCN
unbound_modelparameter UNMDPR
unbound_modelparameter_semantics UMPS
unbound_parameter_environment UNPREN
variational _current _representation.relationship VCRR
variational _representation VRTRPR
variational _representation.item VRRPIT
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Annex B
(normative)

Information object registration

B.1 Document identification

To provide for unambiguous identification of an information object in an open system, the object identi-
fier

{ iso standard 10303 part(108) version(1) }

is assigned to this part of ISO 10303. The meaning of this value is defined in ISO/IEC 8824-1, and is
described in ISO 10303-1.

B.2 Schema identification
B.2.1 parameterizationschema identification

To provide for unambiguous identification of the parameterization-schema in an open information sys-
tem, the object identifier

{ iso standard 10303 part(108) version(1) schema(l)
parameterization-schema(1) }

is assigned to thparameterization.schema(see clause 4). The meaning of this value is defined in
ISO/IEC 8824-1, and is described in ISO 10303-1.

B.2.2 explicit. constraint_schema identification

To provide for unambiguous identification of the explicit-constraint-schema in an open information sys-
tem, the object identifier

{ iso standard 10303 part(108) version(1) schema(l)
explicit-constraint-schema(2) }

is assigned to thexplicit_constraint. schema(see clause 5). The meaning of this value is defined in
ISO/IEC 8824-1, and is described in ISO 10303-1.

B.2.3 variational_representation.schema identification

To provide for unambiguous identification of the variational-representation-schema in an open informa-
tion system, the object identifier

{ iso standard 10303 part(108) version(1) schema(l)
variational-representation-schema(3) }

is assigned to thegariational _representationschema(see clause 6). The meaning of this value is
defined in ISO/IEC 8824-1, and is described in ISO 10303-1.
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B.2.4 explicitgeometric_constraint_schema identification

To provide for unambiguous identification of the explicit-geometric-constraint-schema in an open infor-
mation system, the object identifier

{ iso standard 10303 part(108) version(1) schema(l)
explicit-geometric-constraint-schema(4) }

is assigned to thexplicit_geometric constraint_ schema(see clause 7). The meaning of this value is
defined in ISO/IEC 8824-1, and is described in ISO 10303-1.

B.2.5 sketchschema identification

To provide for unambiguous identification of the sketch-schema in an open information system, the
object identifier

{ iso standard 10303 part(108) version(1l) schema(l)
sketch-schema(5) }

is assigned to theketch.schema(see clause 8). The meaning of this value is defined in ISO/IEC 8824-1,
and is described in ISO 10303-1.
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Annex C
(informative)

Computer interpretable listings

This annex references a listing of the EXPRESS entity data type names and corresponding short names
as specified in this part of ISO 10303. It also references a listing of each EXPRESS schema specified
in this part of ISO 10303, without comments or other explanatory text. These listings are available in
computer-interpretable form, and can be found at the following URLS:

Short names:
http://www.tc184-sc4.org/Short Names/
EXPRESS:
http://www.tc184-sc4.org/EXPRESS/

If there is difficulty accessing these sites contact ISO Central Secretariat or contact the ISO TC184/SC4
Secretariat directly atc4sec@tc184-sc4.org

NOTE The information provided in computer-interpretable form at the above URLs is informative. The infor-
mation that is contained in the body of this part of ISO 10303 is normative.
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Annex D
(informative)

EXPRESS-G diagrams

The diagrams in this annex correspond to the EXPRESS schemas specified in this part of ISO 10303.
The diagrams use the EXPRESS-G graphical notation for the EXPRESS language. EXPRESS-G is
defined in annex D of ISO 10303-11.
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Figure D.9 — EXPRESS-G diagram of the
explicit_geometric constraint_schema (5 of 10)

©I1S0 2006 — All rights reseved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Not for Resale

127



ISO 10303-108:208(E)

(RT) constrained_

eements §[1:2] I :

skew_line_distance_ —d o el ,

6,4 (1) geometric_constraint| g y_! |
(RT) reference_ L :

dements§[0:]] T TTTTTTTTTTToTo

distance value

I I
| |
geometry_schema.curve
(RT) constrained_ : !

elements §[1:2] L e |
6,5(1) curve_distance cdge_with
geometric_constraint dimension
near_points
(RT) reference_ i
eements §0:4] S04
distance
value
_ O ___O
2,2 point_curve_ 10,1 near_ non_negative

or_surface point_relationship

|
I
length_measure |
I

|
|
- |
congtraint_element |

(RT) reference_ near_points
elements §0:4] S0:4]

surface_distance sdgc_with_
6.6(1) geometric_constraint dimension

(RT) constrained
elements §[1:2] R |

| |

|

q geometry_schema_wrface)
| |

|

Figure D.10 — EXPRESS-G diagram of the
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explicit_geometric constraint_schema (10 of 10)

132 ©1S0 2006 — All rights reseved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



product_property

representation_schema.
shape_representation

neutral_sketch_semantics

ISO 10303-108:208(E)

3, 1 sketch
element_select

(RT) items §1:7]

|' _____________ )
I - |
neutral_sketch ' ;ipe:nezenmtm'oga I
1,1(2) () representation | itemapp _ :
e
I/~ representation_schema. : repositioned
representation_item_ neutral sketch
: relationship : -
L | O
7 map
(RT) relating_

representation_item

implicit_explicit_

positioned_sketch
relationship

(RT) related
representation_item

I
' epresentattion_schemaI
A\ _representation_map /|
I

auxiliary

elements

|
|
I/variational _representation : S0:7
schema.variational _
| \._representation_item /'

geometry_schema.
geometric_repre-
sentation_item

positioned_sketch

2,1 sketch basis
select

C

Yo

sketch_
basis

Figure D.15 — EXPRESS-G diagram of the sketclschema (1 of 4)
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Annex E
(informative)

Technical discussions

E.1l Role of parameterization and constraints in procedural and hybrid
representations

Modern CAD systems generate product models containing parameterization and geometric constraints.
Such models can easily be edited for a variety of purposes, for example design optimization. Parameteri-
zation, the association of variables with dimensional or other values in the model, provides an indication
of what it is permissible to change. Constraints, often specified as relationships between geometric or
topological elements, provide invariant characteristics in the model, usually in the interests of main-
taining product functionality during modification. The combination of the two capabilities allows the
designer to explore options and to respond to feedback from downstream applications, such as manufac-
turing or maintenance. Further, it provides flexibility for cooperative and concurrent engineering.

Parameterization and constraints may be implemented in CAD systems in either of two ways:

a) The first method is by associating explicitly represented parameters with dimensions in a model of
the boundary representation or similar type, and defining constraints as relationships between sets
of elements of that model. The model elements concerned will typically be instances of geometric
entities such as are specified in ISO 10303-42. This part of ISO 10303 provides the appropriate
capabilities for capturing explicit parameterization (see clause 4) and general explicit constraints
(see clauses 5 and 7).

b) The second method is based on constructional historyprbleeduralor history-basednodelling
approach represents a shape by the sequence of operations used in generating it. In such a model,
parameters arise as input variables of constructional operations. The shape model may therefore be
edited by changing the values of those inputs and re-running the constructional history. Constraints
may be implicit in constructional procedures; for example, a procedure may be provided for gen-
erating a plane parallel to another plane, in which case parallelism results automatically whenever
that procedure is invoked. A model defined purely in terms of its constructional history does not
have explicit geometric elements, since such elements are not called into existence until the spec-
ified procedures are actually performed. ISO 10303-55 (‘Procedural and hybrid representation’)
provides the capability for capturing and exchanging procedural models.

Most major CAD systems use a combination of the two approaches described above. Generally, the
primary model is basically of the procedural type, but a secondary explicit model is also generated, which
is used during a design session to display a picture of the modelled product, allowing the user to interact
with the system by picking model elements such as edges or faces from the screen for modification or
for use in further constructional operations (see the paper by Rappoport [5]). The explicit model is also
used internally by the system for analysis purposes (for example, in the calculation of mass properties)
and in the performance of internal geometric calculations that occur during the modelling process.

To generate an explicit model from a procedural model it is necessary to perform the specified sequence
of constructional operations. Most modern CAD systems use their native procedural representations to
drive a solid modeler of the boundary representation type in building the explicit model. When a model is
edited in a procedural system, the explicit model is usually discarded and a new one created by re-running
the modified constructional history.
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This part of ISO 10303 provides for the capture and transfer of explicitly represented parameters and
constraints as used in the first of the two modelling approaches described earlier in this clause. However,
it also provides important capabilities in the transfer of procedural or hybrid models, as described below.
Particular application areas include

Two-dimensional sketches:These are often represented in terms of explicit geometric elements
and used as the input to procedures for extrusion or rotation that implicitly define three-dimensional
shapes in history-based models. Explicit dimensional or other constraints may be imposed between
elements of such a sketch;

Assembly models composed of explicitly represented constituent modelBor this application

the constituent models are treated as rigid, and constraints imposed between geometric elements
of different constituents are used in the relative positioning and orientation of those constituents
with respect to each other.

Inter-feature relationships: Dimensional or other types of explicit constraints may also be used

in the positioning and orientation of features in a part model with respect to one another. The
necessary relationships will often be defined between datum elements (reference points, lines or
planes) associated with those features.

The first two of these applications are concerned with explicit models, although explicit sketches with
parameterization and constraints are often used as inputs to constructional operations in hybrid models.
However, the third application provides an example of how explicit inter-feature relationships may be
defined in a shape model that is basically of the procedural type. This may be achieved through a
different use of the use of the hybrid approach, as illustrated in the following example. For simplicity,
the example is expressed in terms of a Boolean operation between CSG primitives rather than in terms
of an inter-feature relationship in the more general CAD sense, but the method is equally applicable in
that case. The key lies in the use of a hybrid model that is basically procedural but also contains explicit
elements supporting definitions of the constructional operations used.

EXAMPLE Consider a solid defined by the Boolean union of two cylinders of finite length. It requires three
operations for its procedural definition, the creation operations for the two cylinders plus the union operation. Now
suppose that the ISO 10303-42 entitght _circular _cylinder is used for the creation of the cylinders (see ISO
10303-55 for the underlying mechanism and for further examples). Apart from a label giving it a name, the cylin-
der entity has three attributes. The first, of types1 placement defines the axis of the cylinder, requiring a point

and a direction for its definition. The second and third attributes are ofpigséive length_measure they define

the height and radius of the cylinder, and their values will in effect be supplied as input arguments to the creation
procedures. The associated points and lines, however, are explicitly represented supporting information that is ref-
erenced by the creation operations, and it is therefore possible to impose, for example, an explicit perpendicularity
constraint between the directions of the axial lines of the two cylinders.

Parameterization and constraints, together with the construction history of a model, constitute what is
known asdesign intent The association of some or all of this information with a model allows it to

be edited in a manner more or less consistent with the original mode of model creation. If a model is
exchanged between systems without such information it is difficult or impossible to edit it effectively in
the receiving system, because details of the original construction process are totally absent. On the other
hand, if design intent information is available in the transmitted model, ease of editing can in principle
be preserved after the transfer.

CAD systems generally allow the explicit model they create to be saved in a file or to a database, even
though their primary native model representation may be procedural in nature. The file format used may
conform to one of the early ISO 10303 application protocols such as ISO 10303-203 [1], in which case
the model exchanged is the secondary explicit model which contains no design intent. The use of this
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part of ISO 10303 by an application protocol allows the enhancement of such a model by the addition
of explicit parameterization and constraint information, providing partial design intent. However, as
mentioned above, the full transfer of design intent requires the use of this part of ISO 10303 together
with 1ISO 10303-55, which permits the exchange of procedural and hybrid models. The example above
shows that these two resources work together effectively in the context of hybrid models.

To summarize, the purpose of this part of ISO 10303 is to enable the exchange of a significant part
of the design intent information referred to above, by providing the means to associate parameters and
constraints with elements of explicit models, or with explicit elements of hybrid models. Whereas use
of the earlier integrated generic resources of ISO 10303 (those having part numbers in the range 41 —
47) allows only the transfer of a static representation of a model, this resource provides the means to
capture and transfer a subset of the information that is used to govdrehng@ourof the model in the
sending system. If this information can lead to the automatic provision of the same or similar behaviour
under editing operations in a receiving system, great benefit will result for applications using the model
subsequent to the transfer.

E.2 Justification of representational choices made in this part of ISO 10303

This clause briefly outlines the reasons for the use of certain specific modelling techniques in this part of
ISO 10303.

E.2.1 Non-binary constraints

The supertype entitgxplicit_constraint, defined in clause 5.4.1, represents a general explicit constraint

as a relationship between two sets of elements, one of them possibly empty. The sets are those of
constrained elementsandreference elements respectively. This formulation permits the capture, by
appropriate specialization, of various specific types of constraints, including the following important
cases:

— adirected or undirected dimensional constraint between two geometric elements (example: asser-
tion of the value of the angle between two planes);

— an undirected constraint applying to many elements (example: assertion that members of a set of
ten lines are all mutually parallel);

— adirected constraint with a single reference element (example: assertion that members of a set of
surfaces of revolution are all coaxial with a specified cylinder);

— a directed constraint with many reference elements (example: assertion that a constrained curve
interpolates a set of reference points);

— a hybrid, partially directed constraint between values of two setsool parameter instances
(example: see clause 5.4.6).

At an early stage in the development of this part of ISO 10303, consideration was given to the use of
the ISO 10303-43 entity data typepresentation.item_relationship for modelling explicit constraints.

This captures binary relationships between instancespoésentation.item. Its use for the purposes
described above would require either

a) any constraint involving more than two elements to be broken down into a set of binary constraints,
or

b) any constraint involving more than two elements to be defined as a binary relationship between two
setsof elements (such sets would need to be typed@esentation.item to permit this approach).
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A problem with the first approach is that it could potentially lead to large sizes for exchanged neutral
representations. A single undirected constraint requiring ten lines to be parallel to each other is logically
equivalent to 45 separate binary constraints between all possible pairs of lines. It would be necessary
to introduce new entity data types to capture the fact that such sets of separate constraints are logically
related. Furthermore, not all constrained situations can be expressed in terms of binary relations between
the elements involved.

EXAMPLE A mathematical relation between several variables, which can be captured using the methodology
of clause 5 as #&ee_form_relationship constraint between instances mbdel_parameter subtypes, cannot in
general be decomposed into binary relations between pairs of parameters.

The second approach has the difficulty that the set of reference elements may be empty, in which case
the constraint is a unary one on a set of constrained elements rather than a binary relation between two
sets of elements. Cleangpresentation.item_relationship could not be used in this case, and it would

be necessary to define a separate class of unary constraints. If this were done, most constraints defined
in this part of ISO 10303 would then need to be defined in both unary and binary forms, which would
greatly increase the length and complexity of the document.

For the reasons given above, it was decided not taemesentationitem_relationship for the rep-
resentation of explicit constraints. The modelling approach adopted for these entities in this part of
ISO 10303 combines the virtues of flexibility with comparative simplicity. It has the additional advan-
tage of minimising the number of instances of constraint entities in neutral representations of exchanged
models.

E.2.2 The modelling of variational representations

As defined in clause 6 of this part of ISO 10303, a variational representation consists of a non-variational
representation together with a collection of variational items. The variational information may be used to
govern the behaviour of a transferred model when it is edited in a receiving system. The only restriction
on the nature of the non-variational ‘current result’ representation, the result of evaluating the variational
model for the current values of all its parameters, is that it shall not itself have a variational nature. This
is enforced bywHERE rules on the entity data typariational _current_representation.relationship
defined in clause 6.3.4, which permit no instancegaoiational _representation.item to occur in the
current result.

It is therefore possible to use an instancey non-variational type of representation as the current
result of a variational representation. This includes all those types of representation defined in parts of
ISO 10303 issued prior to the publication of this part of the standard. To base a variational representation
on a specific non-variational representation it is only necessary to create an instaacational _-
representation having the same set of representation items as the current result, supplemented by all
the instances ofariational _representation.item that apply directly or indirectly to the elements of the
current result. The two instances of representation must then be linked via an insteadational _-
current_representation.relationship.

This mechanism was chosen as being simple, flexible, and upwardly compatible with pre-existing parts
of ISO 10303.
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E.3 Application-related sketches with specific geometric forms

Some applications, for example building and construction, frequently require the modelling of extrusions
with specific geometric forms.

EXAMPLE Steel reinforcing rods typically have circular cross-sections, and many structural beams have cross-
sections in the form of ahor aT.

In order to allow the convenient modelling of such extrusions, application protocols may define sketches
that have these or other particular forms. A suitable means for achieving this is suggested in what follows.

The entityneutral_sketch.representation (see clause 8.4.9) has a derived attrilsketch.geometry

that references a set of instanceskdtch elementselect points and curves defining the geometry of

the sketch. If it is desired to define a neutral sketch representation having the form of a circle, it is
only necessary to create a subtypaeiditral_sketch.representationwith a WHERE rule restricting the

content of that set to a single circle. For more complex 2D shapes such as |- or T-profiles it will first
be necessary to create entities defining these shapes in terms of their salient dimensions, after which the
same procedure can be used.

A similar approach may be used for specialized formgositioned.sketch (see clause 8.4.10). In this
case appropriate subtypesafrve_boundedsurface can be specified to define the geometry of the
planar shape to be extruded.
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Annex F
(informative)

Examples

F.1 Examples of the intended usage of the ISO 10303-108 mechanism for linking
parameters with attributes of entity instances

The basic principle for the referencing of attributes and the bindimgoolel parameter instances to

them was illustrated in clause 4.2.2. It is recommended that the earlier example be studied before reading
the following additional examples, because it provides some of the necessary preliminary understand-
ing. The further illustrations show the use of free-form constraints for the specification of mathematical
relationships between instancesvaidel parameter subtypes.

Fl1.1 Example 1

In this and the following example, entity data types from the 1ISO 10303 integrated generic resources are
treated as though they are instantiable elements of an application protocol. This first example illustrates
the modelling of a reciprocal constraint requiring the radius of circle C6 to be 2.5 times that of circle
C5 (and conversely, the radius of C5 to be 0.4 times that of C6). Thusrimatbl parameter instances

required are constrained elements (see clause 4.2.1), since if the value of one is changed in the receiving
system the other is required to adjust correspondingly.

In the example, all entity data types occurring are defined in this part of ISO 10303 unless otherwise
mentioned. The ISO 10303-21 transfer file must first contain definitions of the circle instances. The

necessary entity data types are specified in ISO 10303-42. The current values of the radii of the circles
are 10.0 and 25.0 respectively:

#200 = AXIS2_PLACEMENT 3D(.....);
#210 = AXIS2_PLACEMENT 3D(.....);

H
a
o
(@]
|

= CIRCLE('C5’, #200, 10.0);
CIRCLE('C6’, #210, 25.0);

F+
a1
=
o
1

Next, the file must include two instanceshmfund_modelparameter, each with domain specified by
an instance dfinite _real_interval (all entities defining such domains are taken from ISO 10303-50):

#520 = FINITE_REAL_INTERVAL(8.0, .CLOSED., 15.0, .CLOSED.);
#530 = BOUND_MODEL_PARAMETER('P1’, #520, *, 'C5 RADIUS’, *);
#540 = FINITE_REAL_INTERVAL(20.0, .CLOSED., 30.0, .CLOSED.);
#550 = BOUND_MODEL_PARAMETER(P2’, #550, *, 'C6 RADIUS’, *);

Now the binding must be established between thesebtwmd_modelparameter instances and the

radius attributes of the two circles. The mechanism for achieving this is defined in ISO 13584-20, and
the relations between the entities defined there and their subtypes as defined in this part of ISO 10303
are depicted in an EXPRESS-G diagram in clause F.1.3 following the examples. For each binding, an
instance okenvironment (subtyped in this part of ISO 10303 bsund_parameter_environment and
unbound_parameter_environment) must exist. Theenvironment entity data type has two attributes,

as follows:
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syntactic_representation: a reference to a mathematical variable (in the present case an instance
of bound_modelLparameter);

semantics: a reference to an instance of the ISO 13584-20 entity datavimble_semantics
which is intended to indicate the significance of the variable in its modelling context.

In this part of ISO 10303 a subtype wdriable_semanticscalledinstance attribute _referenceis pro-

vided. This simply declares the specific attribute (by name) and the specific entity data type instance (by
reference) that thmodelparameter is to be associated with. The next fragment of the exchange file
creates this association:

#560 = INSTANCE_ATTRIBUTE_REFERENCE
(GEOMETRY_SCHEMA.CIRCLE.RADIUS’, #500);
#570 = BOUND_PARAMETER_ENVIRONMENT#530, #560);
#580 = INSTANCE_ATTRIBUTE_REFERENCE
(GEOMETRY_SCHEMA.CIRCLE.RADIUS’, #510);
#590 = BOUND_PARAMETER_ENVIRONMENT (#550, #580);

Note that theadius attribute is specified in fully qualified form, as required by an informal proposition
applying to thénstance attribute _referenceentity data type.

The parameter bindings having been established, an instafree éérm _relation is now required, to

model the mathematical relationship between the values bbilned_model parameter instances. The
constraint instance #500 below, in which both parameters occur as constrained elements. The first two
attribute values of this instance correspond to name and textual description attributes inherited from the
supertypesepresentationitem andexplicit_constraint respectively. These are followed by the set of
(two) constrained elements, the (empty) set of reference elements and a referencerstthaing._-
expression represented b#610. This and the two following instances build a relationship asserting
that the value of paramet#b50 is 2.5 times that of the parame#530 :

#600 = FREE_FORM_RELATION(FFRY’, 'RADIUS-RELATION,
(#530, #550), (), #610);

#610 = COMPARISON_EQUAL((#550, #620)):;

#620 = MULT_EXPRESSION((#630, #530));

#630 = REAL_LITERAL(2.5);

Instancest610 —#630 are of entities defined in thexpressionsschemaof ISO 13584-20. The mod-
elled relationship is true in the model as transmitted; the existence of the constraint is intended to ensure
that the relationship can be maintained if the model is edited in the receiving system.

NOTE 1 The first attribute value in instancé860 and#580 corresponds to the attributgtribute _name,

declared in theénstance attribute _referenceentity data type defined in clause 4.4.6. In the present context this
value must be interpreted as artelligent string i.e., an EXPRESS string with semantics. This has obvious
implications for implementers; analysis of the string by reference to the schemas in current use is necessary to
enable the appropriate references to be established in the model. However, that appears to be unavoidable for the
transfer of models containing specific relationships between parameters and instance attributes, regardless of the
precise details of how the relationships are represented in the underlying EXPRESS schema.

NOTE 2 It will be necessary for the label referred to above to allow references to attributes of underlying entities.

EXAMPLE The string GEOMETRYSCHEMA.TRIMMEIZURVE.BASIS_.CURVE.RADIUS’ could be used
as theattribute _.namevalue in constraining the radius of a circular arc expressed as an 1ISO 103@3ied _-
curve instance.
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NOTE 3 It will similarly be necessary to provide for references to individual members of aggregate-valued at-
tributes.

F.1.2 Example 2

The second example shows the usardfound_model parameter. The details are much the same as in

the previous example, but it is necessary to use a different subtype of ISO 13&8vr@@ment for an

unbound parameter. The example modelled here was used in clause 4.2.1 to illustrate a situation where
an unbound parameter may be used. To recapitulate, it is desired to constrain thé hedjradius-

of an instance of ISO 10303-4@)ht _circular _cylinder to satisfyh = t* + 1, r = 3t — 2, wheret is a
parameter that does not represent any physical quantity in the model. In this case the model parameters
corresponding té andr are required to be bound to attributes oftighat _circular _cylinder instance,

but that corresponding tdas unbound.

The circular cylinder is represented by the 1ISO 10303-42 entity data type instances

#340
#350

AXIS1_PLACEMENT(...);
RIGHT_CIRCULAR_CYLINDER('CYLY’, #340, 10.0, 7.0);

Here the current values of the radius and height are specified as 10.0 and 7.0 respectivatyntao
modelparameter instances are next defined and bound to the relevant attribui#85®f as shown in
the previous example:

#360 = FINITE_REAL_INTERVAL(2.0, .CLOSED., 20.0, .CLOSED.);

#370 = BOUND_MODEL_PARAMETER('H’, #360, *, 'CYL_HT’, *);

#380 = INSTANCE_ATTRIBUTE_REFERENCE
(GEOMETRIC_MODEL_SCHEMA.RIGHT_CIRCULAR_CYLINDER.HEIGHT’,
#350);

#390 = BOUND_PARAMETER_ENVIRONMENT(#370, #380);

#400 = FINITE_REAL_INTERVAL(1.0, .CLOSED., 12.0, .CLOSED.);

#410 = BOUND_MODEL_PARAMETER(R’, #360, *, 'CYL_RAD’, *);

#420 = INSTANCE_ATTRIBUTE_REFERENCE
(GEOMETRIC_MODEL_SCHEMA.RIGHT_CIRCULAR_CYLINDER.RADIUS’,
#350);

BOUND_PARAMETER_ENVIRONMENT(#410, #420);

#430

Next theunbound_model parameter corresponding te is defined, andinbound_parameter_seman-
ticsis instanced rather thamstance attribute _reference It may be noted thatnbound_parameter_se-
mantics has no attributes, and that the insta#d60 therefore conveys no information, but its presence
is required by the structures defined in ISO 13584-20.

#440 = REAL_INTERVAL_FROM_MIN(2.0, .CLOSED.);

#450 = MODEL_PARAMETER(T’, #440, *, 'FREE_PARAM’, 3.0);
#460 = UNBOUND_PARAMETER_SEMANTICS;

#470 = UNBOUND_PARAMETER_ENVIRONMENT(#450, #460);

Note that, whereas in an instancebofind_model parameter the value of the parameter is represented
by an asterisk (denoting a derived value), in an instancaladund_modelLparameter it is given ex-
plicitly (as 3.0 in the present case).
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Finally, the relationships between the parameters are established by meanfsad _famon _assignment
instances, in both of which the parametdb0 corresponding to plays the role of a reference element:

#480 = FREE_FORM_ASSIGNMENT(FFAL’, "HEIGHT-VALUE,
(#370), (#450), #490);

#490 = PLUS_EXPRESSION((#500, #510));

#500 = MULT_EXPRESSION((#450, #450));

#510 = REAL_LITERAL(L.0);

#520 = FREE_FORM_ASSIGNMENT(FFA2’, 'RADIUS-VALUE’,
(#410), (#450), #530);

#530 = MINUS_EXPRESSION((#540, #550));

#540 = MULT_EXPRESSION((#560, #450));

#550 = REAL_LITERAL(2.0);

#560 = REAL_LITERAL(3.0);

F.1.3 Relationship between ISO 10303-108 and ISO 13584-20

Figure F.1 on the following page illustrates the primary relationships between the entities defined in
this part of ISO 10303 for binding parameters to attribute values and the supertypes of those entities as
defined in 1ISO 13584-20. The presence of an intervening subtyaths_variable as defined in ISO
10303-50, is also shown.
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Figure F.1 — Key relationships between ISO 10303-108
parameterization_.schema and 1SO 13548 generiexpressionsschema
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F.2 Example of a two-dimensional sketch

Clause 8 defines representations for sketches, sometimes known as profiles — two-dimensional geomet-
ric configurations often used in the generation of surfaces or volumes. Figure F.2 below illustrates a
simple sketch, in this case a closed figure composed of line and circular arc segments, as listed below:

[1: line segment from (1,0) to (4,0)
l2: line segment from (1,4) to (8,4)
I3: line segment from (0,1) to (0,3)
l4: line segment from (4,0) to (8,4)
c1: circular arc with center (1,1), start point (1,0), end point (0,1)
co: circular arc with center (1,3), start point (0,3), end point (1,4)

The annotations are present purely to aid in the following discussion, and should not be regarded as
integral to the sketch.

(1!4) l2 (8!4)
e '
(0,3) .
I3 A Iy
(0,1) .
\
€ @9

Figure F.2 — A simple sketch composed of line segments and circular arcs

Some constraints which could be applied to this profile include

a) [y andl, are parallel and 4 units apart

b) the (oriented) angle betwegnandl, is 45°
c) I3 is perpendicular té

d) the initial point ofl; is fixed at (1,0)

The entity data typepgc_with _dimension angle. geometric.constraint, perpendicular_geometric -
constraint andfixed_elementgeometric.constraint, as defined in clause 7 of this part of ISO 10303,

can be used to represent these constraint relationships, the first three of which will be specified between
the basis curves of the curve segments. Such constraints may only be present if the sketch belongs to
an instance ofariational _representation The intention in associating constraints with the geometric
model is to ensure that the relationships can be maintained if the sketch is edited following a transfer
between systems. It may be desired, for instance, to change the distance beamdénor the radii of

the rounded corners.
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Clause 8 of this part of ISO 10303 provides several possibilities for the representation of sketches. These
are listed below, with remarks applicable to the various specific cases:

neutral_sketch.representation: The geometry of the sketch is defined by a set of geometric el-
ements. Any curves involved will generally be bounded, and constraints on them will have to be
applied between the corresponding unbounded basis curves. No topological connectivity is defined
between the elements in the set, and in the variational case coincidence between the end points of
bounded curves will need to be enforced through the use d@ficldence.geometric.constraint

specified in clause 7.4.22 of this part of ISO 10303. In addition to the constraints on parallelism,
perpendicularity etc. mentioned previously, the tangency relationships occurring between line and
circular arc elements in the sketch must be captured by instantzegyeht geometric constraint

as defined in clause 7.4.24.

positioned.sketch based on a planar facesurface: In this case the topology of the sketch is ex-
plicitly recorded in terms of the edges and vertices of the associated face. The topological relation-
ships will not be affected by geometric changes made to the sketch following a model exchange,
and will therefore have effects analogous to those of explicit geometric constraints — elements that
are connected in the sending system should remain connected under modification in the receiving
system. However, face surfaceinstance does not record continuity of the face boundary at ver-
tices where edges join. If it is desired, for example, that two edges that are tangential at a vertex in
the originating system should remain tangential if the sketch geometry is modified, than instances
of tangent.geometric.constraint should be imposed to ensure this.

positioned. sketch based on a planar curvebounded surface: The geometry of the sketch con-

sists of one or more closed curves, one of them possibly being the outer boundary of the bounded
surface region defined. The closed curves may be, for example, instarpas\a defined on

the plane concerned, and the underlying basis curves may be di_ggme_curve or compos-
ite_curve. A composite curve would be appropriate for the representation of the illustrated sketch.
In this case the segments of the curve will be connected at their end-points — this is enforced by
the ISO 10303-42 definition. Also, each curve segment will have an attribute defining the order
of continuity at its end point with the following curve segment (this may be simple positional con-
tinuity, tangent continuity or curvature continuity). If the sketch is edited in a receiving system
the segments must remain connected, by definition, since what results will be another composite
curve. The topology is not modelled explicitly, but is implicit in the definition of this type of curve.
However, there is no guarantee that the order of continuity at the junction points will be preserved;
the attributes that define this in the sending system do not have the necessary semantics to ensure
its preservation. The constraitirve_smoothnessgeometric.constraint defined in clause 7 can

be used to enforce preservation of order of continuity between segments if the sketch is edited fol-
lowing a transfer. This will ensure, for example, that the centres of the corner arcs will adjust their
positions to ensure continued tangency of the arcs with their adjacent line segments.

positioned. sketch based on a planar curve:There are several possible types of curves that may

be used in this case. As indicated in the previous examples, the types of explicit constraints that
will need to be imposed to make the sketch editable in the receiving system will depend upon the
presence or absence of implicit constraints in whatever form of curve definition is used.

F.3 Usage of ISO 10303-108 for the representation of incompletely defined models

Some purely procedural approaches to CAD modelling allow the definition of families of geometric
shapes through the use of ‘shape macros'.
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EXAMPLE 1 Consider a bolt with a hexagonal head and a threaded shank. At a very basic level, any bolt in the
family of such bolts can be defined in terms of a few dimensional parameter values:

— shank length;

— shank diameter;

— length of threaded portion of shank;
— head thickness;

— distance between parallel flats of the hexagon.

Assignment of values to all of these quantities results in the specification of a particular size and shape of bolt.
However, the underlying definition of the family specifies no detailed geometry; it merely provides a set of place-
holders into which values must be inserted. A procedure for determining the geometry of a bolt defined by those
values may be provided. It is also possible to define a subfamily of bolts by giving values to some of the parame-
ters but leaving others undefined — the dimensions of the head and the diameter of the shank may be specified, for
example, leaving the lengths of the shank and its threaded portion indeterminate.

One modelling methodology that lends itself to this kind of approach is constructive solid geometry (CSG) with
parameterization of the dimensions of volumetric primitives.

NOTE In some applications, (e.g., in catalogues of standard parts), the conceptual model takes the form of a
printed diagram, with a table of available dimensional values. In such cases there is no generative procedure.

The capabilities defined in this part of ISO 10303 do not by themselves permit the definition of pure
shape macros of the kind illustrated in the example above. However, they do allow a closely related
capability, based on the use of the concept of/ttr@ational _representationas defined in clause 6. The
primary difference in the two approaches is that the one basedriational _representation requires

the provision of an explicit model of one member of the family of bolts. This ‘current result’ model can
be embedded in a wrapper of variational information that may, for example,

— associate instances lobund_model parameter with the salient dimensions occurring in the cur-
rent result;

— impose constraints on geometric elements of the current result, so that if it is modified the function-
ality of the bolt is retained.

Domains of validity can be associated with the dimensional parameters; one possibility would be to allow
only certain discrete values of each of those dimensions, to limit the number of valid members of the
family. The constraints imposed could require the shank axis to be perpendicular to the head, the flats
of the hexagon to occur in parallel pairs and to be equidistant from the shank axis, the angles between
adjacent flats to b&20°, and so on.

Whereas the shape macro approach generates aadhaitéo, based on an underlying conceptualization

of the class of shapes concerned, the variational approach starts with an explicitly defined shape and
defines permissible variations of it. The latter methodology allows the modelling of incompletely defined
shapes to the extent that such shapes are derivable from the shape defined by the current model through
variation of parameter values within their admissible domains, subject to any constraints that may be
imposed between its elements.
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EXAMPLE 2 The shape of a washer may be modelled in boundary representation terms by two planar faces,
each having the shape of an annulus, connected by inner and outer cylindrical faces. The facilities provided in this
part of ISO 10303 may be used to constrain the cylinders to be coaxial and the planar faces to be both mutually
parallel and also perpendicular to the axis of the cylinders. Those facilities additionally allow a parameter to be
associated with the distance between the planar faces, and two further parameters to be associated with the inner
and outer radii of the washer. The current model of the washer may then be regarded as a representative example of
the class of circular washers. In this sense it provides, together with its associated variational information, not only
a detailed definition of the shape of one particular washer, but also an incomplete definition of all washers in the
larger class. That class contains all washers having the same type of surface geometry and topological connectivity
as the current result, subject to the same constraints on their geometric elements and conforming to the specified
domains of parameter validity. Thus a variational representation of a washer whose current result has thickness
2mm, internal radius 2mm and external radius 5mm may be regarded as an incomplete definition of a washer with
thickness 3mm, inner radius 4mm and outer radius 10mm. The second may be obtained from the first by variation
of parameter values.
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