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Foreword 

The International Organization for Standardization (ISO) is a worldwide federation of national 
standards bodies (IS0 member bodies). The work of preparing International Standards is nor- 
mally carried out through IS0 technical committees. Ealch member body interested in a subject 
for which a technical committee has been established has the right to be represented on that 
committee. International organizations, government al and non-government al, in liaison with 
ISO, also take part in the work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by technical committees are circulated to the member 
bodies for voting. Publication as an International Standard requires approval by at least 7’5% 
of the member bodies casting a vote. 

International Standard IS0 10303-42 was prepared by Technical Committee ISO/TC 184, In- 
dustrial automation systems and integration, Subcommittee SC4, Industrial data and global 
manufacturing programming languages. 

IS0 10303 consists of the following parts under the general title Industrial automation systems 
and integration - Product data representation and exchange: 

- Part 1, Overview and fundamental principles; 

- Part 11, Description methods: The EXPRESS language reference manual; 

- Part 21, Implementation methods: Clear text encoding of the exchange structure; 

- Part 22, Implementation methods: Standard data access interface specification; 

- Part 31, Conformance testing methodology and framework: General concepts; 

- Part 32, Conformance testing methodology and framework: Requirements on testing 
laboratories and clients; 

- Part 41, Integrated generic resources: Fundamentals of product description and support; 

- Part 42, Integrated generic resources: Geometric and topological representation; 

- Part 43, Integrated generic resources: Representation structures; 

- 

- 

Part 44, Integrated generic resources: Product structure configuration; 

Part 45, Integrated generic resources: Materials; 

- Part 46, Integrated generi c resources: Visual presen tation; 

- Part 47, Integrated generic resources: Shape variation tolerances; 

Part 49, Integrated generic resources: Process structure and properties; 

Xi 
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- Part 101, Integrated application resources: Draughting; 

- Part 104, Integrated application resources: Finite element analysis; 

- Part 105, Integrated application resources: Kinematics; 

- Part 201, Application protocol: Explicit draughting; 

- Part 202, Application protocol: Associative draughting; 

- Part 203, Application protocol: Configuration controlled design; 

- Part 207, Application protocol: Sheet metal die planning and design; 

- Part 210, Application protocol: Printed circuit assembly product design data; 

- Part 213, Application protocol: Numerical control process plans for machined parts. 

The structure of this International Standard is described in IS0 10303-l. The numbering of the 
parts of this International Standard reflects its structure: 

- Part 11 specifies the description methods; 

- Parts 21 and 22 specify the implementation methods; 

- Parts 31 and 32 specify the conformance testing methodology and framework; 

- Parts 41 to 49 specify the integrated generic resources; 

- Parts 101 to 105 specify the integrated application resources; 

- Parts 201 to 213 specify the application protocols. 

Should further parts be published, they will follow the same numbering pattern. 

Annexes A and B form an integral part of this part of IS0 10303. Annexes C, D, E are for 
information only. 

Diskette 

Users should note that this part of IS0 10303 comprises a diskette: 
- the short names of entities given in annex A are also included on the diskette; 
- the EXPRESS listings (annex C) are provided on the diskette only; 

a method to enable users to report errors in the documentation is given. Full details are 
provided in the file. 

x11 
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Introduction 

IS0 10303 is an International Standard for the computer-interpretable representation and ex- 
change of product data. The objective is to provide a neutral mechanism capable of describing 
product data throughout the life cycle of a product independent from any particular system. 
The nature of this description makes it suitable not only for neutral file exchange, but also as a 
basis for implementing and sharing product databases and archiving. 

This International Standard is organized as a series of parts, each published separately. The 
parts of IS0 10303 fall into one of the following series: description methods, integrated resources, 
application protocols, abstract test suites, implementation methods, and conformance testing. 
The series are described in IS0 10303-l. This part of IS0 10303 is a member of the integrated 
resources series. Major subdivisions of this International Standard are: 

- Geometry 

- Topology 

Geometric models 

This part of IS0 10303 specifies the integrated resources used for geometric and topological 
representation. Their primary application is for explicit representation of the shape or geometric 
form of a product model. The shape representation presented here has been designed to facilitate 
stable and efficient communication when mapped to a physical file. 

The geometry in clause 4 is exclusively the geometry of parametric curves and surfaces. It 
includes the curve and surface entities and other entities, functions and data types necessary for 
their definition. A common scheme has been used for the definition of both two-dimensional and 
three-dimensional geometry. All geometry is defined in a coordinate system which is established 
as part of the context of the item which it represents. These concepts are fully defined in IS0 
10303 Part 43. 

The topology in clause 5 is concerned with connectivity relationships between 
with the precise geometric form of objects. This clause contains the basic 

objects rather than 
topological entities 

and specialised subtypes of these. In some cases the subtypes have geometric associations. 
Also included are functions, particularly constraint functions, and data types necessary for the 
definitions of the topological entities. 

The geometric models in clause 6 provide basic resources for the communication of data describ- 
ing the precise size and shape of three-dimensional solid objects. The geometric shape models 
provide a complete representation of the shape which in many cases includes both geometric 
and topological data. Included here are the two classical types of solid model, constructive solid 
geometry (CSG) and boundary representation (B-rep). Other entities, providing a rather less 
complete description of the geometry of a product, and with less consistency constraints, are 
also included. 

. . . 
x111 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


This page intentionally left blank 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e
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Industrial automation systems and integration - 
Product data representation and exchange - 
Part 42 : 
Integrated generic resources: 
Geometric and topological representation 

1 Scope 

This part of IS0 10303 specifies the resource constructs for the explicit geometric and topological 
representation of the shape of a product. The scope is determined by the requirements for the 
explicit representation of an ideal product model; tolerances and implicit forms of representation 
in terms of features are out of scope. The geometry in clause 4 a,nd the topology in clause 5 are 
available for use independently and are also extensively used by the various forms of geometric 
shape model in clause 6. In addition, this part of IS0 10303 specifies specialisations of the 
concepts of representation where the elements of representation are geometric. 

1.1 Geometry 

The following are within the scope of the geometry schema: 

- definition of points, vectors, parametric curves and parametric surfaces; 

- definition of transformation operators; 

- points defined directly by their coordinate values or in terms of the parameters of an 
existing curve or surface; 

- definition of conic curves and elementary surfaces; 

- definition of curves defined on a parametric surface; 

- definition of general parametric spline curves and surfaces; 

- definition of point, curve and surface replicas; 

- definition of offset curves and surfaces; 

- definition of intersection curves. 

The following are outside the scope of this part of IS0 10303: 
- all other forms of procedurally defined curves and surfaces; 
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- curves and surfaces which do not have a parametric form of representation; 

- any form of explicit representation of a ruled surface. 

NOTE - For a ruled surface the geometry is critically dependent upon the parametrisation of 
the boundary curves and the method of associating pairs of points on the two curves. A ruled 
surface with B-spline boundary curves can however be exactly represented by the B-spline surface 
entity. 

1.2 Topology 

The following are within the scope of the topology schema: 
- definition of the fundamental topological entities vertex, edge, and face, each with a 

specialised subtype to enable it to be associated with the geometry of a point, curve, or 
surface, respectively; 

- collections of the basic entities to form topological structures of path, loop and shell 
and constraints to ensure the integrity of these structures; 

- orientation of topological entities. 

1.3 Geometric Shape Models 

The following are within the scope of the geometric model schema: 

- data describing the precise geometric form of three-dimensional solid objects; 

- constructive solid geometry (CSG) models; 

- definition of CSG primitives and half-spaces; 

- creation of solid models by sweeping operations; 

- manifold boundary representation (B-rep) models; 

- constraints to ensure the integrity of B-rep models; 

- surface models; 

wireframe models; 

- geometric Sets; 

- creation of a replica of a solid model in a new location. 

The following are outside the scope of this part of IS0 10303: 

- non-manifold boundary representation models; 

2 
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- spatial occupancy forms of solid models (such as octree models); 

- assemblies and mechanisms. 

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute 
provisions of this part of IS0 10303.. At the time of publication, the editions indicated were 
valid. All standards are subject to revision, and parties to agreements based on this part of 
IS0 10303. are encouraged to investigate the possibility of applying the most recent editions of 
the standards indicated below. Members of IEC and IS0 maintain registers of currently valid 
International Standards. 

ISO/IEC 8824-l. l -U Information Technology - Open Sysyems Interconnection - Abstract Syn- 
tax Notation One (ASN. 1) - Part 1: Specification of Basic Notation. 

IS0 10303-1:1994, Industrial automation systems and integration - Product data representation 
and exchange - Part 1: Overview and fundamental principles. 

IS0 10303~ll:MM, Industrial au.tomation systems and integration - Product data representa- 
tion and exchange - Part 11: Description methods: The EXPRESSLanguage Reference Manual. 

IS0 lO303--41:1g$M, Industrial automation systems and integration - Product data representa- 
tion and exchange - Part 41 : Integrated generic resources: Fundamentals of product description 
and support. 

IS0 10303-43:1994, Industrial automation systems and integration - Product data representa- 
tion and exchange - Part 43 : Integrated generic resources: Representation structures. 

3 Definitions, symbols and abbreviations 

3.1 Definitions 

For the purposes of this part of IS0 10303, the following definitions apply. 

3.1.1 arcwise connected: an entity is arcwise connected if any two arbitrary points in its 
domain can be connected by a curve that lies entirely within the domain. 

3.1.2 axi-symmetric: an entity is axi-symmetric if it has an axis of symmetry such that the 
object is invariant under all rotations about this axis. 

‘)To be published. 
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3.1.3 bounds: the topological entities of lower dimensionality which mark the limits of a top- 
ological entity. The bounds of a face are loops, and the bounds of an edge are vertices. 

Xl.4 boundary: the set of mathematical points x in a domain X contained in R” for which 
there is an open ball U in Rm containing x such that the intersection UnX is homeomorphic to an 
open set in the closed d -dimensional half-space R,, ’ for some d 5 m, where the homeomorphism 
carries C-E into the origin in R$. 

NOTES 

1 - RfS. is defined to be the set of all mathematical points (21, . . . . Q) in Rd with x1 > 0. - 

2 - For this purpose, the word “open” has its usual mathematical meaning. It does not relate to 
“open surface” as defined elsewhere in this part of IS0 10303. 

3.1.5 boundary representation solid model (Brep): a type of geometric model in which 
the size and shape of the solid is defined in terms of the faces, edges and vertices which make 
up its boundary. 

3.1.6 closed curve: a curve such that both end points are the same. 

3.1.7 closed surface: a connected Smanifold that divides space into exact&y IJWO connected 
components, one of which is finite. 

3.1.8 completion of a topological entity: a set consisting~ of’ the entity in question together 
with all ithe faces, edges and vertices referenced, directly or indirectly, in the d&nHtion of the 
bounds of that entity. 

3.1.9 iconnected: equi valent to arcwise connected. 

3.1.10 .connected component: a maximal connected subset of a domain. 

3.1.11 constructive solid geometry (CSG): a type of geometric modelling in which a solid 
is defined as the result of a sequence of regularised Boolean operations operating on solid models. 

3.1.12 .coordinate space: a reference system that associates aI unique set of n parametesrs 
with each point in an n-dimensional space. 

3.1.13 .curve: a set of mathematical points which is the image, in two- or three-dimensional 
space, of a continuous function defined over a connected subset of the real line (RI), and which 
is not a single point. 

3.1.14 cycle: a chain of alternating vertices and edges in a graph such that the first and last 
vertices >are the same. 
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3.1.15 d-manifold with boundary: a domain which is the union of its d-dimensional interior 
and its boundary. 

3.1.16 dimensionality: the number of independent coordinates in the parameter space of a 
geometric entity. The dimensionality of topological entities which need not have domains is 
specified in the entity definitions. The dimensionality of a list or set is the maximum of the 
dimensionalities of the elements of that list or set. 

3.1.17 domain: the mathematical point set in model space corresponding to an entity. 

3.1.18 euler equations: Equations used to verify the topological consistency of objects. Var- 
ious equalities relating topological properties of entities are derived from the invariance of a 
number known as the Euler characteristic. Typically, these are used as quick checks on the 
integrity of the topological structure. A violation of an Euler condition signals an “impossible” 
object. Two special cases are important in this document. The Euler equation for graphs is 
discussed in 5.2.3. Euler conditions for surfaces are discussed in 5.4.23 and 5.4.25. 

3.1.19 extent: the measure of the content of the domain of an entity, measured in units ap- 
propriate to the dimensionality of the entity. Thus, length, area and volume are used for 
dimensionalities 1, 2, and 3, respectively. Where necessary, the symbol Z will be used to denote 
extent. 

3.1.20 finite: an entity is finite (sometimes called bounded) if there is a finite upper bound on 
the distance between any two points in its domain. 

3.1.21 genus of a graph: the integer-valued invariant defined algorithmically by the graph 
traversal algorithm described in the note in 5.2.3. 

3.1.22 genus of a surface: the number of handles 
a surface homeomorphic to the surface in question. 

that must be added to a sphere to produce 

3.1.23 geometrically founded: a property of geometric-representation-items asserting 
their relationship to a coordinate space in which the coordinate values of points and directions 
on which they depend for position and orientation are measured. 

3.1.24 geometrically related: the relationship between two geometric-representation-- 
items in the same context by which the concepts of distance and direction between them are 
defined. 

3.1.25 geometric coordinate system: the underlying global rectangular Cartesian coordi- 
nate sy stem to which all geometry refers. 

3.1.26 graph: a set of vertices and edges. The graphs discussed in this document are generally 
called pseudographs in the technical literature because they allow self-loops and also multiple 
edges connecting the same two vertices. 
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3.1.27 handle: the structure distinguishing a torus from a sphere, which can be viewed as a 
cylindrical tube connecting two holes in a surface. 

3.1.28 homeomorphic: domains X and Y are homeomorphic if there is a continuous function 
f from X to Y which is a one-to-one correspondence, so that the inverse function f-r exists, 
and if f-r is also continuous. 

3.1.29 inside: domain X is inside domain Y if both domains are contained in the same Eu- 
clidean space, R", and Y separates Rm into exactly two connected components, one of which 
is finite, and X is contained in the finite component. 

3.1.30 interior: the d-dimensional interior of a d-dimensional domain X contained in Rm is 
the set of mathematical points z in X for which there is an open ball U in Rm containing x 
such that the intersection U n X is homeomorphic to an open ball in Rd. 

3.1.31 list: an ordered homogeneous collection with possibly duplicate members. A list is 
represented by an enclosing pair of brackets, i.e. [A]. 

3.1.32 model space: a space with dimensionality 2 or 3 in which the geometry of a physical 
object is defined. 

3.1.33 open curve: a curve which has two distinct end points. 

3.1.34 open surface: 
either i t is not finite, or 

a 
it 

surface which is a manifold with 
does not divide sp iace int 0 exactly 

boun 
two 

dary, but is not closed. 
connected components. 

Ie . ‘7 

3.1.35 orientable: a surface is orientable if a consistent, continuously varying choice can be 
made of the sense of the normal vectors to the surface. 

NOTE - This does not require a continuously varying choice of the vnlues of the normal vectors; 
the surface may have tangent plane discontinuities. 

3.1.36 overlap: two entities overlap when they have shells, faces, edges, or vertices in common. 

3.1.37 parameter range: the range of valid parameter values for a curve or surface. 

3.1.38 

defined 
parameter space: the one-dimensional space associated with a curve via its uniquely 
parametrisation or the two-dimensional space associated with a surface. 

3.1.39 placement coordinate system: a rectangular Cartesian coordinate system associated 
with the placement of a geometric entity in space, used to describe the interpretation of the 
attributes and to associate a unique parametrisation with curve and surface entities. 

3.1.40 self-intersect: a curve or surface self-intersects if there is a mathematical point in its 
domain which is the image of at least two points in the object’s parameter range, and one of 
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those two points lies in the interior of the parameter range. A vertex, edge or face self-intersects 
if its domain does. 

NOTE - A curve or surface is not considered to be self-intersecting just because it is closed. 

Xl.41 self-loop: an edge that has the same vertex at both ends. 

3.1.42 set: an unordered collection in which no two members are equal. 

3.1.43 space dimensionality: the number of parameters required to define the location of a 
point in the coordinate space. 

X1.44 surface: a set of mathematical points which is the image of a continuous function defined 
over a connected subset of the plane ( R2). 

3.1.45 topological sense: the sense of a topological entity as derived from the order of its 
attributes. 

EXAMPLES 

l- The topological sense of an edge is from the edge start vertex to the edge end vertex. 

2- The topological sense of a path follows the edges in their listed order. 

3.2 Symbols 

For the purposes of this part of IS0 10303, the following symbols and definitions apply. 

3.2.1 Geometry and mathematical symbology 

The mathematical symbol convention used in the geometry schema is given in table 1. 

3.2.2 Topology symbols 

An attempt has been made to define precisely the constraints that shall be met by the topological 
entities. In many cases these are defined symbolically. This subclause describes the notation 
used for this purpose. It should be noted that the definitions given here are independent of 
EXPRESS definitions and usage. 

The topological constructs are vertex, edge, path, loop, face (and subface) and shell. These 
will be referred to .by the following symbols V, E, P, L, F and S, respectively. 

Some of these entities take particular forms and a superscript is used to distinguish between 
these forms if necessary. 

EXAMPLE 3 - A loop may be a vertexloop, an edgeloop or a poly_loop. These forms are 
denoted as L” , L”, LP. 
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Table 1 - Geometry mathematical symbology 

Symbol Definition 
F 

a Scalar quantity 
A 1 Vector quantity 
() Vector normalisation 
a 1 Normalised vector (e.g. a = (A) = A/IAI) 1 

x 1 Vector (cross) product 
[[scalar product 
I A + B I A is transformed to B I 

X(u) 1 Parametric curve 
C(x) y, z) Analytic curve * \ 

I CT(U,~)) I Parametric surface I 
S(x) y, z) Analytic surface 

C, Partial differential of C with respect to x 
ou I Partial derivative of o(u) v) with respect to u I 
S, Partial derivative of S with respect to x 

/I I Absolute value, or magnitude or determinant ) 
[ R”IG-dimensional real space 

Table 2 lists the symbols used in the topology schema. 

An undirected edge is an entity of type edge which is not of the subtype oriented-edge. In some 
instances of the entity definitions, a topological attribute may take the form of a (topological 
+ logical) pair, this is generally represented by the oriented subtype. A subscript is used to 
distinguish between the topological and the (topological + logical) pairing. For example, E and 
El or So and Se. 

Several topological entities use an Orientation Flag to indicate whether the direction of a refer- 
enced entity agrees with or is opposed to the direction of the referencing entity. If the Flag is 
TRUE, the direction of the referenced entity is correct but if the Flag is FALSE, the direction 
of the referenced entity should be (conceptually) reversed. It can happen that there are several 
Orientation Flags in the chain of entities from the high-level referencing entity to the low-level 
referenced entity. The direction of a low-level entity with respect to a high-level entity is ob- 
tained by evaluating the not exclusive or (0) of the chain of Orientation Flags. For example, a 
Face references a Loop + Loopflag, a Loop references aln Edge + Edgeflag and an Edge references 
a Curve + Curveflag. The Face’s “FaceCurveflag” is given by 

FaceCurveflag = Loopflag @ Edgeflag @ Curveflag 

where not exclusive or is interpreted as true if the two flags have the same value and is defined 
by the truth table: 

T@T = T 

T@F = F=F@T 
F@F = T. 
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Table 2 - Topology Symbol Definitions 

Symbol Definition 
-a 

V 
V 
E 
f , 
El 
Cl 
G e 

P 
P 
GP 
L 
c 
Li 
6 
L e 

L” 
L V 

GZ 
F 
F 

Hf 
s 

s 

s 
C 

S 0 

S V 

S W 

H 
S 

Vertex 
Yumber of unique vertices 
Undirected edge 
Number of unique undirected edges 
Oriented edge 
Number of unique oriented edges 
Edge genus 
Path 
Number of unique paths 
Path genus 
Loop 
Number of unique loops 
Face bound 
Number of unique face bounds 
Edge loop 
Poly loop 
Vertex loop 
Loop genus 
Face 
Number of unique faces 
Face genus 
Shell 
Number of unique shells 
Closed shell 
Open shell 
Vertex shell 
Wire shell 
Shell genus 
Extent . 
Set of entities of type A 
List of entities of type A 
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Thus 

3.3 Abbreviations 

For the purposes of this part of IS0 10303, the following abbreviations apply. 

B-rep: boundary representation solid model; .I /‘, 

CSG: constructive solid geometry. 

10 
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4 Geometry 

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

EXPRESS specification: 

*> 
SCHEMA geometry-schema; 

REFERENCE FROM representation-schema 
(representation, 
functionally-defined-transformation, 
representation-item, 
representation-context, 
definitional-representation, 
itemjnrcontext, 
using-representations); 

REFERENCE FROM measure schema 
(length-measure, r 
positive-length-measure, 
plane-angle-measure, 
plane-angle-unit, 
positive-plane-angle-measure, 
parameter-value, 
global-unit-assigned-context); 

REFERENCE FROM topology-schema 
(edg e-curve, 
face-surface, 
poly-loop, 
vertex-point); 

REFERENCE FROM geometric-model-schema 
(solid-model, 
boolean-result, 
sphere, 
right-circular-cone, 
right-circular-cylinder, 
torus, 
block, 
right-angular-wedge, 
half-space-solid, 
shell-based-surface-model, 
face-based-surface-model, 
shell-basedrwireframe_model, 
edgerbasedrwireframe_model, 
geometric-set); 

(* 
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NOTES 

representationschema IS0 10303-43 

1 - The schemas referenced above can be found in: 
measureschema IS0 10303-41 
topologyschema clause 5 of this part of IS0 10303 
geometricrnodelschema clause 6 of this part of IS0 10303 

2 - The references t o topologyschema and 
the defin ition of the geometricrepresentat 

to geometric-model schema are required only for 
ionitem supertype. 

3 - See annex D, figures D.l to D.12, for a graphical presentation of this schema. 

4.1 Introduction 

The subject of the geometryschema is the geometry of parametric curves and surfaces. The 
representation-schema (see IS0 10303-43) and the geometric-representation-context de- 
fined in this Part of IS0 1O3O3, provide the context in which the geometry is defined. This enables 
a distinction to be made between those items which are geometrically related and those existing 
in independent coordinate spaces. In particular, each geometric-representationitem has a 
geometric-representation-context which includes as an attribute the Euclidean dimension of 
its coordinate space. The coordinate system for this space is referred to as the geometric coordi- 
nate system in this clause. Units associated with length-measures and plane-angle-measures 
are assumed to be assigned globally within this context. A global rule (compatible-dimension) 
ensures that all geometric-representation-items in the same geometricsepresentation- 
context have the same space dimensionality. The space dimensionality dim is an inherited 
derived attribute of all subtypes of geometric-representationitem. 

4.2 Fundamental concepts and assumptions 

4.2.1 Space dimensionality 

All geometry shall be defined in a right-handed rectangular Cartesian coordinate system with 
the same units on each axis. A common scheme has been used for the definition of both 
two-dimensional and three-dimensional geometry. Points and directions exist in both a two- 
dimensional and a three-dimensional form; these forms are distinguished solely by the presence, 
or absence, of a third coordinate value. Complex geometric entities are all defined using points 
and directions from which their space dimensionality can be deduced. 

4.2.2 Geometric relationships 

All geometric-representationitems which are included as items in a representation hav- 
ing a geometric-representation-context are geometrically related. Any such geometric= 
representation-item is said to be geometrically founded in the context of that represen- 
tation. No geometric relationship, such as distance between points, is assumed to exist for 
geometric-representation-items occurring as items in different representations. 
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4.2.3 Parametrisation of analytic curves and surfaces 

Each curve or surface specified here has a defined parametrisation. In some instances the 
definitions are in parametric terms. In others, the conic curves and elementary surfaces, the 
definitions are in geometric terms. 

In this latter case a placement coordinate system is used to define the parametrisation. The 
geometric definitions contain some, but not all, of the data required for this. The relevant data 
to define this placement coordina,te system is contained in the axis2-placement associated with 
the individual curve and surface entities. 

4.2.4 Curves 

The curve entities defined in 4.4 include lines, elementary tonics, a general parametric poly- 
nominal curve, and some referentially or procedurally defined curves. All the curves have a well 
defined parametrisation which makes it possible to trim a curve or identify points on the curve 
by parameter value. For the conic curves, a method of representation is used which separates 
their geometric form from their orientation and position in space. In each case, the position and 
orientation information is conveyed by an axis2-placement. The general purpose parametric 
curve is represented by the bspline-curve entity. This was selected as the most stable form of 
representation for the communication of all types of polynomial and rational parametric curves. 
With appropriate attribute values and subtypes, a b-spline-curve entity is capable of repre- 
senting single span or spline curves of explicit polynomial, rational, Bezier or B-spline type. A 
composite-curve entity, which includes the facility to communicate continuity information at 
the curve-to-curve transition points, is provided for the construction of more complex curves. 

The offset-curve and curve-on-surface types are curves defined with reference to other ge- 
ometry. Separate offset-curve entities exist for 2D and 3D applications. The curve on surface 
entities include an intersection-curve which represents the intersection of two surfaces. Such 
a curve may be represented in 3D space or in the 2D parameter space of either of the surfaces. 

4.2.5 Surfaces 

The surface entities support the requirements of simple boundary representation (B-rep) solid 
modelling system and enable the communication of general polynomial and rational paramet- 
ric surfaces. The simple surfaces are the planar, spherical, cylindrical, conical and toroidal 
surfaces, a surface-of-revolution and a surface-of-linear-extrusion. As with curves, all 
surfaces have an associated standard parametrisation. In many cases the surfaces, as defined, 
are unbounded; it is assumed that they will be bounded either explicitly or implicitly. Explicit 
bounding is achieved with the rectangular-trimmed-surface or curve-bounded-surface 
entities; implicit bounding requires the association of additional topological information to define 
a face. 

The b-spline-surface entity and its subtypes provide the most general capability for the com- 
munication of all types of polynomial and rational biparametric surfaces. This entity uses control 
points as the most stable form of representation for the surface geometry. The offset-surface 
entity is intended for the communication of a surface obtained as a simple normal offset from 
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a given surface. capability to connect together a rectangular mesh of distinct surface patches: 
specifying the degree of continuity from patch to patch. 

4.2.6 Preferred form 

Some of the geometric entities provide the potential capability of defining an item of geome- 
try in more than one way. Such multiple representations are accommodated by requiring the 
nomination of a ‘preferred form’ or ‘master representation’. This is the form which is used to 
determine the parametrisation. 

NOTE - The master-representation attribute acknowledges the impracticality of ensuring that 
multiple forms are indeed identical and allows the indication of a preferred form. This would probably 
be determined by the creator of the data. All characteristics, such as parametrisation, domain, and 
results of evaluation, for an entity having multiple representations, are derived from the master 
representation. Any use of the other representations is a compromise for practical considerations. 

4.3 geometry-schema type definitions 

4.3.1 dimension-count 

A dimension-count is a positive integer used to define the coordinate space dimensionality of 
a geometric-representation-context. 

EXPRESS sDecification: 

*> 
TYPE dimension-count = INTEGER; 
WHERE 

WRl: SELF > 0; 
END-TYPE; 
(* 

Formal propositions: 

WRl: A dimension-count shall be positive. 

4.3.2 transition-code 

This type conveys the continuity properties of a composite curve or surface. The continuity 
referred to is geometric, not parametric continuity. 

EXPRESS SDecification: 

*> 
TYPE transition-code = ENUMERATION OF 

(discontinuous, 
continuous, 
cant,same-gradient, 
cant-same-gradient-same-curvature); 

END-TYPE; 
(* 
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Enumerated item definitions: - 

discontinuous: The segments, or patches, do not join. This is permitted only at the boundary 
of the curve or surface to indicate that it is not closed. 

continuous: The segments, or patches, join, but no condition on their tangents is implied. 

cant -same-gradient: The segments, or patches, join, and their tangent vectors, or tangent 
planes, are parallel and have the same direction at the joint; equality of derivatives is not 
required. 

cant -same-gradient -same-curvature: For a curve, the segments join, their tangent vectors 
are parallel and in the same direction, and their curvatures are equal at the joint; equality of 
derivatives is not required. For a surface this implies that the principal curvatures are the same 
and thalt the principal directions are coincident along the common boundary. 

4.3.3 preferred-surface-curve-representation 

This type is used to indicate the preferred form of representation for a surface curve, which is 
either a curve in geometric space or in the parametric space of the underlying surfaces. 

IXPRiF:SS specification: 

*> 
TYPE preferred-surface-curve-representation = ENUMERATION OF 

(curve_3d, 
pcurve-sl? 
pcurve-s2); 

END-TYPE; 
(* 

Enumerated item definitions: 

curveJd: The curve in three-dimensional space is preferred. 

pcurvesk The first pcurve is preferred. 

pcurves2: The second pcurve is preferred. 

4.3.4 b-spline-curve-form 

This type is used to indicate a particular geometric form represented by the B-spline curve. 

EXPRESS specification: 

*> 
TYPE b-spline-curve form = ENUMERATION OF 

(polyline-form, - 
circular-arc, 
elliptic-arc, 
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parabolic-arc, 
hyperbolic-arc, 
unspecified); 

END-TYPE; 
(* 

Enumerated item definitions: 

polyline-form: A connected sequence of line segments represented by degree 1 B-spline basis 
functions. 

circular-arc: An arc of a circle, or a complete circle represented by a B-spline curve. 

elliptic-arc: An arc of an ellipse, or a complete ellipse, represented by a B-spline curve. 

parabolic-arc: An arc of finite length of a parabola represented by a B-spline curve. 

hyperbolic-arc: An arc of finite length of one branch of a hyperbola represented by a B-spline 
curve. 

unspecified: A B-spline curve for which no particular form is specified. 

4.3.5 b-splinesurface-form 

This type is used to indicate that the B-spline surface represents a part of a surface o.f some 
specific form. 

EXPRESS specification: 

*> 
TYPE b-spline-surface-form = ENUMERATION OF 

(plane-surf, 
cylindrical-surf, 
conical-surf, 
spherical-surf, 
toroidal-surf, 
surf-of-revolution, 
ruled-surf, 
generalisedrcone, 
quadric-surf, 
surf-of-linear-extrusion, 
unspecified); 

END-TYPE; 
(* 

Enumerated item definitions: 

plane-surf: A bounded portion of a plane represented by a B-spline surface of degree 1 in each 
parameter. 

cylindrical-surf: A bounded portion of a cylindrical surface. 
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conical-surf: A bounded portion of the surface of a right circular cone. 

spherical-surfi A bounded portion of a sphere, or a complete sphere, represented by a B-spline 
surface. 

toroidal-surf: A torus, or portion of a torus, represented by a B-spline surface. 

surf-of-revolution: A bounded portion of a surface of revolution. 

ruled-surf: A surface constructed from two parametric curves by joining with straight lines 
corresponding points with the same parameter value on each of the curves. 

generalised-cone: A special case of a ruled surface in which the second curve degenerates to 
a single point; when represented by a B-spline surface all the control points along one edge will 
be coincident. 

quadric-surf: A bounded portion of one of the class of surfaces of degree 2 in the variables x, 
y and z. 

surf-of.-linear-extrusion: A bounded portion of a surface of linear extrusion represented by 
a B-spline surface of degree 1 in one of the parameters. 

unspecified: A surface for which no particular form is specified. 

4.3.6 knot-type 

This type indicates that the B-spline knots shall have a particularly simple form enabling the 
knots themselves to be defaulted. 

For details of the interpretation of these types see the B-spline curve entity definition (4.429). 

EXPRESS sr>ecification: 

*> 
TYPE knot-type = ENUMERATION OF 

(uniform-knots, 
unspecified, 
quasi-uniform-knots, 
piecewise-bezier-knots); 

END-TYPE; 
(* 

Enumerated item definitions: 

uniform-knots: The form of knots appropriate for a uniform B-spline curve. 

unspecified: The type of knots is not specified. This includes the case of non uniform knots. 

quasi-uniform-knots: The form of knots appropriate for a quasi-uniform B-spline curve. 
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piecewise-bezier-knots: The form of knots appropriate for a piecewise Bbier curve. 

4.3.7 extent-enumeration 

This type is used to describe the quantitive extent of an object. 

EXPRESS specification: 

*> 
TYPE extent-enumeration = ENUMERATION OF 

(invalid, 
zero, 
finite-non-zero, 
infinite); 

END-TYPE; 
(* 

Enumerated item definitions: 

invalid: The concept of extent is not valid for the quantity being measured. 

zero: The extent is zero. 

finite-non-zero: The extent is finite (bounded) but not zero. 

infinite: The extent is not finite. 

4.3.8 trimming-preference 

This type is used to indicate the preferred way of trimming a parametric curve where the 
trimming is multiply defined. 

EXPRESS specification: 

*> 
TYPE trimming-preference = ENUMERATION OF 

(Cartesian, parameter, 
unspecified); 

END-TYPE; 
(* 

Enumerated item definitions: 

Cartesian: Indicates that trimming by Cartesian point is preferred. 

parameter: Indicates a preference for the parameter value. 

unspecified: Indicates that no preference is communicated. 
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4.3.9 axisZplacement 

This select type collects together both versions of the axis2 placement as used in two-dimensional 
or in three-dimensional Cartesian space. This enables entities requiring this information to 
reference them without specifying the space dimensionality. 
EXPRESS specification: 

*> 
TYPE axis2-placement = SELECT 

(axis2-placement_2d, 
axis2-placement-3d); 

END-TYPE; 
(* 

4.3.10 curve-on-surface 

A curve-on-surface is a curve on a parametric surface. It may be any of the following 
- a pcurve or 

- a surface-curve, including the specialised subtypes of intersection-curve and 
seam-curve, or 

- a composite-curve-on-surface. 

The curve-on-surface select type collects these curves together for reference purposes. 

EXPRESS specification: 

*> 
TYPE curve-on-surface = SELECT 

(P curve, 
surface-curve, 
composite-curve-on-surface); 

END-TYPE; 
(* 

4.3.11 pcurve-or-surface 

This select type enables a surface curve to identify as an attribute the associated surface or 
pcurve. 

EXPRESS specification: 

*> 
TYPE pcurve-or-surface = SELECT 

(P curve, 
surface); 

END-TYPE; 
(* 
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4.3.12 trimmingselect 

This select type identifies the two possible ways of trimming a parametric curve, by a Cartesian 
point on the curve, or by a REAL number defining a parameter value within the parametric 
range of the curve. 

EXPRESS specification: 

*> 
TYPE trimming-select = SELECT 

(Cartesian-point, 
parameter-value); 

END TYPE; - 
(* 

4.3.13 vector-or-direction 

This type is used to identify the types of entity which can participate in vector computations. 

EXPRESS SDecification: 

*> 
TYPE vector-or-direction = SELECT 

(vector, 
direction); 

END-TYPE; 
(* 

4.4 geometry-schema entity definitions 

This subclause contains all the explicit geometric entities. Except for entities defined in a 
parameter space, all geometry is defined in a right-handed Cartesian coordinate system (the 
geometric coordinate system). The space dimensionality of this coordinate system is established 
by the context of the geometric-representation-item. The curve and surface definitions are 
all given essentially in terms of points and/or vectors and/or scalar (length) values. 

4.4.1 geometricrepresentation-context 

A geometric-representation-context is a representation-context in which geometric- 
representation-items are geometrically founded. 

A geometric-representation-context is a distinct coordinate space, spatially unrelated to 
other coordinate spaces except as those coordinate spaces are specifically related by an ap- 
propriate transformation. (See 3.1 for definitions of geometrically founded and coordinate 
space.) 
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EXPRESS specification: 

*I 
ENTITY geometric-representation-context 

SUBTYPE OF (representation-context); 
coordinate-space-dimension : dimension-count; 

END-ENTITY; 
(* 

Attribute definitions: 

coordinate-space-dimension: The integer dimension-count of the coordinate space which 
is the geometric-representation-context. 

NOTE - Any constraints on the allowed range of coordinate-space-dimension are outside the 
scope of this part of IS0 10303. 

4.4.2 geometricrepresentation-item 

A geometric-representationitem is a representation-item that has the additional mean- 
ing of having geometric position or orientation or both. This meaning is present by virtue 
of: 

- being a Cartesian-point or a direction; 

- referencing directly a Cartesian-point or a direction; 

- referencing indirectly a Cartesian-point or a direction. 

NOTE 1 - An indirect reference to a Cartesian-point or direction means that a given geomet- 
ric-representationitem references the Cartesian-point or direction through one or more inter- 
vening attributes. In many cases this information is given in the form of an axisZ_placement. 

EXAMPLES 

4- Consider a circle. It gains its geometric position and orientation by virtue of a reference to 
axis2-placement that in turn references a cartesianqoint and several directions. 

5 - A manifoldsolidbrep is a geometricrepresentationitem that through several layers of 
topological-representationitems, references curves, surfaces and points. Through additional 
intervening entities curves and surfaces reference Cartesian-point and direction. 

NOTES 

type representationitem, need not be of subtype 
the manifoldsolidbrep from t he above example. 

One of the intervening levels of representationitem is a closedshell. This is a topologi- 
calrepresentationitem and does not require a geometricrepresentationcontext in its own 
right. When used as part of the definition of a manifoldsolidbrep that itself is a geomet- 
ric-representationitem, it is founded in a geometricrepresentationcontext. 

2 - The intervening entities, which are all of 
geometric-representation item. Consider 

3 - A geometricrepresentationitem inherits the need to be related to a representation-- 
context in a representation. The rule compatible-dimension ensures that the representa- 
tion-context is a geometricrepresentation-context. When in the context of geometry, this 
relationship causes the geometricrepresentationitem to be geometrically founded. 
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EXPRESS specification: 

0 c IS0 

*> 
ENTITY geometric-representation-item 

SUPERTYPE OF (ONEOF(point, direction, vector, placement, 
Cartesian-transformationroperator, curve, surface, 
edge-curve, face-surface, poly~loop, vertex-point, 
solid-model, boolean-result, sphere, right-circular-cone, 
right-circular-cylinder, torus, block, 
right-angular-wedge, half-space-solid, 
shell~based~surface~model, face-based-surface-model, 
shell-based-wireframe-model, edge-based-wireframe-model, 
geometric-set)) 

SUBTYPE OF (representation-item); 
DERIVE 

dim : dimension-count := dimension-of(SELF); 
WHERE 

WRI: SIZEOF (QUERY (using-rep <* using-representations (SELF) 1 
NOT ('GE~METRY_SCHEMA.GEOMETRIC~REPRESENTATI~N-~~NTE~T' IN 
TYPEOF (using-rep.context-of-items)))) = 0; 

END-ENTITY; 
(* 

Attribute definitions: 

dim: The coordinate dimension-count of the geometric-representation-item. 

NOTES 

4 - The dim attribute is derived from the coordinatespace-dimension of a geometricrepresentation-- 
context in which the geometricrepresentationitem is geometrically founded. 

5- A geometricrepresentationitem is geometrically founded in one or more geometric-- 
representation-contexts, all of which have the same coordinatespace-dimension. See the 
rule compatible-dimension in 4.5.1. 

Form al wor>ositions: 

WRl: The context of any representation referencing a geometric-representation-item shall 
be of the type geometric-representation-context. 

4.4.3 point 

A point is a location in some real Cartesian coordinate space Rm, for m = 1,2 or 3. 

EXPRESS specification: 

*> 
ENTITY point 

SUPERTYPE OF (ONEOF(cartesianpoint, point-on-curve, point-on-surface, 
point-replica, degeneraterpcurve)) 

' SUBTYPE OF (geometric-representation-item); 
END-ENTITY; 
(* 
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4.4.4 cartesian-point 

A Cartesian-point is a point defined by its coordinates in a rectangular Cartesian coordinate 
system, or in a parameter spaIce. The entity is defined in a one, two or three-dimensional space 
as determined by the number of coordinates in the list. 

NOTE - For the purposes of defining geometry in this part, of IS0 10303 only two or three- 
dimensional points are used. 

EXPRESS specification: 

*> 
ENTITY cartesianpoint 

SUBTYPE OF (point); 
coordinates : LIST [I:31 OF length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

coordinates[I]: The first coordinate of the point location. 

coordinates[Z]: The second coordinate of the point location; this will not exist in the case of 
a one-dimensional point. 

coordinates[Q The third coordinate of the point location; this will not exist in the case of a 
one or two-dimensional point. 

SELF\geometric-representationitem.dim: The dimensionality of the space in which the 
point is defined. This is an inherited derived attribute from the geometric representation item 
supertype and for a Cartesian point is determined by the number of coordinates in the list. 

4.4.5 point-on-curve 

A point_onxu.rve is a point which lies on a curve. The point is determined by evaluating 
the curve at a specific parameter value. The coordinate space dimensionality of the point is 
that of the basis-curve. 

EXPRESS specification: 

*> 
ENTITY point-on-curve 

SUBTYPE OF (point); 
basis-curve : curve; 
point,paramet er : parameter-value ; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-curve: The curve to which point-parameter relates. 

point -parameter: The parameter value of the point location. 
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SELF\geometric.xepresentation-item.dim: The dimensionality of the space in which the 
point-on-curve is defined. This is the same as that of the basis-curve. 

Informal propositions: 

II?l: The value of the point-parameter shall not be outside the parametric range of the curve. 

4.4.6 point-on-surface 

A point-on-surface is a point which lies on a parametric surface. The point is determined by 
evaluating the surface at a particular pair of parameter values. 

EXPRESS specification : 

*> 
ENTITY point-on-surface 

SUBTYPE OF (point); 
basis-surface : surface; 
point-parameter-u : parameter-value; 
point-parameter-v : parameter-value; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-surface : The surface to which the parameter values relate. 

point-parameter-u: The first parameter value of the point location. 

point-parameter-v: The second parameter value of the point location. 

SELF\geometric-representationitem.dim: The dimensionality of the coordinate space of 
the point-on-surface. This is the same as that of the basis-surface. 

Informal propositions: 

IPl: The parametric values specified for u and v shall not be outside the parametric range of 
the basis-surface. 

4.4.7 point-replica 

This defines a replica of an existing point (the parent) in a different location. The replica has 
the same coordinate space dimensionality as the parent point. 

EXPRESS specification: 

*> 
ENTITY point-replica 

SUBTYPE OF (point); 
' parent-pt : point; 

transformation : cartesianJransformation_operator; 
WHERE 

WRI: transformation.dim = parent-pt.dim; 
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WR2: acyclic-point-replica (SELF,parent-pt); 
END-ENTITY; 
(* 

Attribute definitions: 

parent-pt: The point to be replicated. 

transformation: The Cartesian transformation operator which defines the location of the point 
replica. 

Formal propositions: 

WRl: The coordinate space dimensionality of the transformation attribute shall be the same 
as that of the parent-pt. 

WR2: A point-replica shall not participate in its own definition. 

4.4.8 degenerate-pcurve 

A degenerate-pcurve is an entity with the structure of a pcurve, but which in three-dimensional 
model space collapses to a single point. It is thus a subtype of point, not of curve. 

NOTE - For example, the apex of a cone could be represented as a degenerate pcurve. 

EXPRESS specification: 

*> 
ENTITY degenerate-pcurve 

SUBTYPE OF (point); 
basis-surface: surface; 
reference-to-curve : definitional-representation; 

WHERE 
WRI: SIZEOF(reference-to_curve\representation.items) = 1; 
WRZ: 'GEOMETRY-SCHEMA.CURVE' IN TYPEOF 

(ref erence-to-curve\representation. items [I] ) ; 
WR3: reference-to-curve\representation. 

items[l]\geometric-representation_item.dim =2; 
END-ENTITY; 
(* 

Attribute definitions: 

basis-surface: The surface on which the basis-curve lies. 

reference-to-curve: The association of the pcurve and the parameter space curve which 
degenerates to the (equivalent) point. 

Formal propositions: 

WRl: The set of items in the definitional-representation entity corresponding to the ref- 
erence-to-curve shall have exactly one element. 

WR2: The unique item in the set shall be a curve. 
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WR3: The dimensionality of this parameter space curve shall be 2. 

Informal propositions: 

IPl: Regarded as a curve in model space, the degenerate-pcurve shall have zero arc length. 

4.4.9 evaluated-degenerate-pcurve 

This entity represents the result of evaluating a degenerate pcurve and associates it with a 
Cartesian point. 

EXPRESS specification: 

*> 
ENTITY evaluated-degenerate-pcurve 

SUBTYPE OF (degenerate-pcurve); 
equivalent-point : Cartesian-point; 

END-ENTITY; 
(* 

Attribute definitions: 

equivalent-point: The point in the geometric coordinate system represented by the degenerate 
pcurve. 

4.4.10 direction 

This entity defines a general direction vector in two or three dimensional space. The actual 
magnitudes of the components have no effect upon the direction being defined, only the ratios 
x:y:z or x:y are significant. 

NOTE - The components of this entity are not normalised. If a unit vector is required it should be 
normalised before use. 

EXPRESS specification: 

*> 
ENTITY direction 

SUBTYPE OF (geometric-representation-item); 
direction-ratios : LIST [2:3] OF REAL; 

WHERE 
WRl: SIZEOF(QUERY(tmp <* direction-ratios 1 tmp <> 0.0)) > 0; 

END-ENTITY; 
(* 

Attribute definitions: 

direction-ratios[l]: The component in the direction of the X axis. 

direction_ratios[2]: The component in the direction of the Y axis. 

direction-ratios[3]: The component in the direction of the Z axis; this will not be present in 
the case of a direction in two-dimensional coordinate space. 
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SELF\geometric-representationitem.dim: The coordinate space dimensionality of the di- 
rection. This is an inherited attribute of the geometric-representation-item supertype; for 
this entity it is determined by the number of direction-ratios in the list. 

Formal propositions: 

WRl: The magnitude of the direction vector shall be greater than zero. 

4.4Jl vector 

This entity defines a vector in terms of the direction and the magnitude of the vector. The value 
of the magnitude attribute defines the magnitude of the vector. 

NOTE - The magnitude of the vector must not be calculated from the components of the 
orientation attribute. This form of representation was selected to reduce problems with numerical 
instability. For example a vector of magnitude 2.0 mm and equally inclined to the coordinate axes 
could be represented with orientation attribute of (1 .O, 1 .O, 1 .O). 

EXPRESS specification: 

*I 
ENTITY vector 

SUBTYPE OF (geometric-representation-item); 
orientation : direction; 
magnitude : length-measure; 

WHERE 
WRl : magnitude >= 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

orientation: The direction of the vector. 

magnitude: The magnitude of the vector. All vectors of magnitude 0.0 are regarded as 
equal in value regardless of the orientation attribute. 

SELF\geometric-representationitem.dim: The dimensionality of the space in which the 
vector is defined. 

Formal propositions: 

WRl: The magnitude shall be positive or zero. 

4.4.12 placement 

A placement locates a geometric item with respect to the coordinate system of its geometric 
context. It locates the item to be defined and, in the case of the axis placement subtypes, gives 
its orientation. 

EXPRESS specification: 

*> 
ENTITY placement 
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SUPERTYPE OF (ONEOF(axisl~placement,axis2_placement_2d~axis2~placement~3d)) 
SUBTYPE OF (geomet,ric-representation-item); 
location : cartesianpoint; 

END-ENTITY; 
(* 

Attribute definitions: 

location: The geometric position of a reference point, such as the centre of a circle, of the item 
to be located. 

4.4.13 axisl-placement 

The direction and location in three-dimensional space of a single axis. An axisl-placement 
is defined in terms of a locating point (inherited from the placement supertype) and an axis 
direction; this is either the direction of axis or defaults to (0.0,O.OJ.O). The actual direction for 
the axis placement is given by the derived at tribute z. 

EXPRESS specification: 

*I 
ENTITY axisl-placement 

SUBTYPE OF (placement); 
axis : OPTIONAL direction; 

DERIVE 
Z : direction := NVL(normalise(axis), direction([O.O,O.O,l.O])); 

WHERE 
WRI: SELF\geometric-representation_item.dim = 3; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\,placement .location: A reference point on the axis. 

axis: The direction of the local Z axis. 

z: The normalised direction of the local Z axis. 

SELF\geometric-representationitem.dim: The space dimensionality of the 
axisl-placement, which is determined from its location, and is always equal to 3. 

Formal propositions: 

WRl: The coordinate space dimensionality shall be 3. 

4.4..14 axis2-placement2d 

The location and orientation in two-dimensional space of two mutually perpendicular axes. An 
axis2-placement-2d is defined in terms of a point, (inherited from the placement supertype), 
and an axis. It can be used to locate and orientate an object in two-dimensional space and to 

28 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


0 c IS0 

define a placement coordinate system. The entity incl 
placement coordinate system. A direction vector is 
placement coordinate system. The ref-direction de 
placement Y axis direction is derived from this. 

EXPRESS specification: 

IS0 10303=42:1994(E) 

udes a point which forms the origin of the 
required to complete the definition of the 
fines the placement X axis direction; the 

*> 
ENTITY axis2rplacement_2d 

SUBTYPE OF (placement); 
refrdirection : OPTIONAL direction; 

DERIVE 
P : LIST [2:2] OF direction := buildr2axes(ref_direction); 

WHERE 
WRI: SELF\geometric-representation_item.dim = 2; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\placement .location: The spatial position of the reference point which defines the origin 
of the associated placement coordinate system. 

ref-direction: The direction used to determine the direction of the local X axis. If 
ref-direction is omitted, this direction is taken from the geometric coordinate system. 

p: The axis set for the placement coordinate system. 

p[l] : The normalised direction of the placement X axis. This is (1.0,O.O) if ref-direction is 
omitted. 

p[2] : The normalised direction of the placement Y axis. This is a derived attribute and is 
orthogonal to p[l]. 

Formal propositions: 

WRl: The space dimensionality of the axis2-placement-2d shall be 2. 

4.4.15 axis2-placemenL3d 

The location and orientation in three-dimensional space of two mutually perpendicular axes. An 
axisz-placementJd is defined in terms of a point, (inherited from the placement supertype), 
and two (ideally orthogonal) axes. It can be used to locate and orientate a non axi-symmetric 
object in space and to define a placement coordinate system. The entity includes a point which 
forms the origin of the placement coordinate system. Two direction vectors are required to 
complete the definition of the placement coordinate system. The axis is the placement Z axis 
direction and the ref-direction is an approximation to the placement X axis direction. 

NOTE - Let z be the placement 2 axis direction and a be the approximate placement X axis 
direction. There are two methods, mathematically identical but numerically different, for calculating 
the placement X and Y axis directions. 
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A placement coordinate system refe 
ax is2-placement-3d data for conic 

a) The vector a is projected onto the plane defined by the origin point P and the vector z 
to give the placement X axis direction as x = (a - (a l z)z). The placement Y axis direction is 
then given by y = (z x x). 

b) The placement Y axis direction is calculated as y = (z x a) and then the placement X 
axis direction is given by x = (y x z). 

The first method is likely to be the more numerically stable of the two, and is used here. 

EXPRESS specification: 

rented 
curves 

by the parametric equations is derived from the 
and elementary surfaces. 

*> 
ENTITY axis2-placement-3d 

SUBTYPE OF (placement); 
: OPTIONAL direction; 

ref-direction : OPTIONAL direction; 
DERIVE 

P 
WHERE 

: LIST [3: 31 OF direction := build-axes(axis,ref-direction); 

WRI: SELF\placement.location.dim = 3; 
WR2: (NOT (EXISTS (axis))) OR (axis.dim = 3); 
WR3: (NOT (EXISTS (ref direction))) OR (ref-direction.dim = 3); 
WR4: (NOT (EXISTS (axis))) OR (NOT (EXISTS (ref-direction))) OR 

(cross-product(axis,ref-direction).magnitude > 0.0); 
END-ENTITY; 
(* 

Attribute definitions: 

SELF\placement .location: The spatial position of the reference point and origin of the as- 
sociated placement coordinate system. 

axis: The exact direction of the local Z axis. 

ref-direction: The direction used to determine the direction of the local X axis. If neces- 
sary an adjustment is made to maintain orthogonality to the axis direction. If axis and/or 
ref-direction is omitted, these directions are taken from the geometric coordinate system. 

p: The axes for the placement coordinate system. The directions of these axes are derived from 
the attributes, with appropriate default values if required. 

p[l]: The normalised direction of the local X axis. 

p[2]: The normalised direction of the local Y axis 

p[3]: The normalised direction of the local Z axis. 

NOTE - See figure 1 for interpretation of attributes. 
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Figure 1 - Axis2 placement 3D 

Formal propositions: 

WRl: The space dimensionality of the SELF\placement.location shall be 3. 

WR2: The space dimensionality of axis shall be 3. 

WR3: The space dimensionality of ref-direction shall be 3. 

WR4: The axis and the ref-direction shall not be parallel or anti-parallel. (This is required 
by the build-axes function.) 

4.4.16 Cartesian-transformation-operator 

A Cartesian-transformation-operator defines a geometric transformation composed of trans- 
lation, rotation, mirroring and uniform scaling. 

The list of normalised vectors u defines the columns of an orthogonal matrix T. These vectors 
are computed, by the base-axis function, from the direction attributes axis& axis2 and, in 
cartesian_transformation_operator_3d, axis3. If ITI = - 1, the transformation includes 
mirroring. The local origin point A, the scale value S and the matrix T together define a 
transformation. 

The transformation for a point with position vector P is defined by 

P-,A+STP 
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The transformation for a direction d is defined by 

d + Td 

The transformation for a vector with orientation d and magnitude k is defined by 

d ---) Td 

and 

For those entities whose attributes include an axis2_placement, the transformation is applied, 
after the derivation, to the derived attributes p defining the placement coordinate directions. 
For a transformed surface, the direction of the surface normal at any point is obtained by 
transforming the normal, at the corresponding point, to the original surface. For geometric 
entities with attributes (such as the radius of a circle) which have the dimensionality of length, 
the values will’ be multiplied by S. 

For curves on surface the p-curve.referenceAo-curve will be unaffected by any transforma- 
tion. 

The Cartesian-transformation-operator shall only be applied to geometry defined in a con- 
sistent system of units with the same units on each axis. With all attributes omitted, the trans- 
formation defaults to the identity transformation. The Cartesian-transformation-operator 
shall only be instantiated as one of its subtypes. 

NOTE - See figures 2(a-c) for demonstration of effect of transformation. 

EXPRESS specification: 

*> 
ENTITY Cartesian-transformation-operator 

SUPERTYPE OF(ONEOF(cartesian-transformation-operator-2d, 
Cartesian-transformation-operator-3d)) 

SUBTYPE OF (geometric-representation-item, 
functionally-defined-transformation); 

axis1 : OPTIONAL direction; 
axis2 : OPTIONAL direction; 
local-origin : cartesianpoint; 
scale : OPTIONAL REAL; 

DERIVE 
SC1 : REAL := NVL(scale, 1.0); 

WHERE 
WRl: scl > 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

axisl: The direction used to determine u[l], the derived X axis direction. 

axis% The direction used to determine u[2], the derived Y axis direction. 
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(rotation) 

shape before 
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Figure 2 - (a) C ar t esian transformation operator 3D 

local-origin: The required translation, specified as a Cartesian point. The actual translation 
included in the transformation is from the geometric origin to the local origin. 

scale: The scaling value specified for the transformation. 

scl: The derived scale S of the transformation, equal to scale if that exists, or 1.0 otherwise. 

Formal propositions: 

WRl: The derived scaling scl shall be greater than zero. 

4.4.17 Cartesian-transformation-operator-3d 

A Cartesian-transformation-operator-3d defines a geometric transformation in 
three-dimensional space composed of translation, rotation, mirroring and uniform scaling. 

The list of normalised vectors u defines the columns of an orthogonal matrix T. These vectors 
are computed from the direction attributes axisl, axis2 and axis3 by the base-axis function. If 
PI = - 1, the transformation includes mirroring. 
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Figure 2 - (b) C ar t esian transformation operator 3D 

EXPRESS specification: 

*> 
ENTITY Cartesian-transformation-operator-3d 

SUBTYPE OF (Cartesian-transformation-operator); 
axis3 : OPTIONAL direction; 

DERIVE 
U : LIST[3:3] OF direction 

:= base_axis(3,SELF\cartesian_transformation-operator.axisl, 
SELF\cartesian_transformation_operator.axis2,axis3); 

WHERE 
WRI: SELF\cartesian-transformation_operator.dim = 3; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\cartesian-transformation-operator.axisl: The direction used to determine u[l], the 
derived X axis direction. If necessary, u[l] is adjusted to make it orthogonal to u[3]. 

SELF\cartesian.Aransformation-operator.axis2: The direction used to determine u[2], the 
derived Y axis direction. If necessary, u[2] is adjusted to make it orthogonal to u[l] and u[3]. 

SELF\cartesian.Aransformation-operator.axis3: The exact direction of u[3], the derived 
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Figure 2 - (c) C ar t esian transformation operator 

Z axis direction” 

SELF\cartesian_transformation-operator.local-origin: The required translation, speci- 
fied as a cartesian point. The actual translation included in the transformation is from the 
geometric origin to the local origin. 

SELF\cartesian-transformation_operator.scale: The scaling value specified for the trans- 
formation. 

SELF\cartesian-transformation-operator.scl: The derived scale S of the transformation, 
equal to scale if that exists, or 1.0 otherwise. 

u: The list of mutually orthogonal, normalised vectors defining the transformation matrix T. 
They are derived from the explicit attributes axis3, axisl, and axis2 in that order. 

Formal propositions: 

WRl: The coordinate space dimensionality of this entity shall be 3. 
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4.4.18 Cartesian-transformation-operator-2d 

A Cartesian-transformation-operator-2d defines a geometric transformation in 
two-dimensional space composed of translation, rotation, mirroring and uniform scaling. 

The list of normalised vectors u defines the columns of an orthogonal matrix T. These vectors 
are computed from the direction attributes axisl, axis:! by the base-axis function. If ITi = -1, 
the transformation includes mirroring. 

EXPRESS st3ecification: 

*> 
ENTITY cartesian_transformation_operator_2d 

SUBTYPE OF (Cartesian-transformation-operator); 
DERIVE 

U : LIST[2:2] OF direction := 
base_axis(2,SELF\cartesian_transformation-operator.axisl, 

SELF\cartesian-transformation_operator.axis2,?); 
WHERE 

WRI: SELF\cartesian-transformation_operator.dim = 2; 
END-ENTITY; 
(* 

Attribute definitions: 

SELF\cartesian-transformation-operator.axisl: The direction used to determine u[l], the 
derived X axis direction. 

SELF\cartesian-transformation-operator.axis2: The direction used to determine u[2], the 
derived Y axis direction. 

SELF\cartesian-transformation-operator.local-origin: The required translation, speci- 
fied as a Cartesian point. The actual translation included in the transformation is from the 
geometric origin to the local origin. 

SELF\cartesian-transformation-operator.scale: The scaling value specified for the trans- 
formation. 

SELF\cartes ian-transformation-operator.scl: The derived scale S of the transformation, 
equal to scale if that exists, or 1.0 otherwise. 

u: The list of mutually orthogonal, normalised vectors defining the transformation matrix T. 

They are derived from the explicit attributes axis& and axis2 in that order. 

Formal propositions: 

WRI: The coordinate space dimensionality of this entity shall be 2. 
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4.4.19 curve 

A curve can be envisioned as the path of a point moving in its coordinate space. 

EXPRESS specification: 

*> 
ENTITY curve 

SUPERTYPE OF (ONEOF(line, conic, pcurve, surface-curve, 
offset_curve_2d, offset_curve_3d, curve-replica)) 

SUBTYPE OF (geometric-representation-item); 
END-ENTITY; 
(* 

Informal propositions: 

IPI: A curve shall be arcwise connected. 

IP2: A curve shall have an arc length greater than zero. 

4.4.20 line 

A line is an unbounded curve with constant tangent direction. A line is defined by a point and 
a direction. The positive direction of the line is in the direction of the dir vector. 

The curve is parametrised as follows: 

P - - Pnt 
V - - dir 

A( > U = P+uV 

and the parametric range is -oo < u < 00. 

EXPRESS specification: 

*> 
ENTITY line 

SUBTYPE OF (curve); 
pnt : Cartesian-point; 
dir : vector; 

WHERE 
WRI: dir.dim = pnt.dim; 

END-ENTITY; 
(* 

Attribute definitions: 

pnt: The location of the line. 

dir: The direction of the line; the magnitude and units of dir affect the parametrisation of the 
line. 

SELF\geometric-representation-item.dim: The dimensionality of the coordinate space for 
the line. This is an inherited attribute from the geometric representation item supertype. 
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Formal propositions: 

WRI: Pnt and dir shall both be 2D or both be 3D entities. 

4.4.21 conic 

A conic is a planar curve which could be produced by intersecting a plane with a cone. 

A conic curve is defined in terms of its intrinsic geometric properties rather than being described 
in terms of other geometry. 

A conic entity always has a placement coordinate system defined by axis2-placement; the 
parametric representation is defined in terms of this placement coordinate system. 

EXPRESS specification: 

*> 
ENTITY conic 

SUPERTYPE OF (ONEOF(circle, ellipse, hyperbola, parabola)) 
SUBTYPE OF (curve); 
position: axis2-placement; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location and orientation of the conic. Further details of the interpretation of 
this attribute are given for the individual subtypes. 

4.4.22 circle 

A circle is defined by a radius and the location and orientation of the circle. Interpretation of 
the data shall be as follows: 

C = position.location (centre) 
X = position.p[ l] 
Y = position.p[2] 
z = position.p[3] 
R - - radius 

and the circle is parametrised as 

A(u)= C + R((cosu)x+ (sinu)y) 

The parametrisation range is 0 < u < 360 degrees. - - 

In the placement coordinate system defined above, the circle is the equation C = 0, where 

C(x,y,z)= x2 + y2 - R2 

The positive sense of the circle at any point is in the tangent direction, T, to the curve at the 
point, where 

T = (-C,,C,,O). 
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ref-direction 

i axis 

Pm 

Figure 3 - Circle 

NOTE - A circular arc is defined by using the trimmed-curve entity in conjunction with the 
circle entity. 

EXPRESS specification: 

*> 
ENTITY circle 

SUBTYPE OF (conic); 
radius : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\conic.position.location: This inherited attribute defines the centre of the circle. 

radius: The radius of the circle, which shall be greater than zero. 

NOTE - See figure 3 for interpretation of attributes. 

4.4.23 ellipse 

An ellipse is a conic section defined by the lengths of the semi-major and semi-minor diameters 
and the position (center or mid point of the line joining the foci) and orientation of the curve. 
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axis 

ref-direction 

Figure 4 - Ellipse 

Interpretation of the data shall be as follows: 

C = position.location 
X = position.p[ 1] 

Y = position.p[2] 
z = position.p[3] 

RI = semi-axis-l 
R2 = semi-axis-2 

and the ellipse is parametrised as 

X(u) = C + (RI cos u)x + (Rz sin u)y 

The parametrisation range is 0 < u < 360 degrees. - - 
In the placement coordinate system defined above the ellipse is the equation C = 0, where 

c(x, y,~) = x2/R; + y2/R; - 1 

The positive sense of the ellipse at any point is in the tangent direction, T, to the curve at the 
point, where 

T = [-C,,C,,O). 

EXPRESS specification: 

*> 
ENTITY ellipse 
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SUBTYPE OF (conic); 
semi-axis-l : positive-length-measure; 
semi-axis-2 : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\conic.position: conic.position.location is the centre of the ellipse, 
and conic.position.p[l] the direction of the semi-axis-l. 

semi_axisA.: The first radius of the ellipse which shall be positive. 

semi_axis-2: The second radius of the ellipse which shall be positive. 

NOTE - See figure 4 for interpretation of attributes. 

4.4.24 hyperbola 

A hyperbola is a conic section defined by the lengths of the major and minor radii and the 
position (mid-point of the line joining two foci) and orientation of the curve. Interpretation of 
the data shall be as follows: 

C = position.location 
X = position.p[l] 
Y = position.p[2] 
z = position.p[3] 

RI = semi-axis 
R2 = semiimag-axis 

and the hyperbola is parametrised as 

x(21) = C + (RI cash u)x + (R2 sinh u)y 

The parametrisation range is -oo < u < 00. 

In the placement coordinate system defined above, the hyperbola is represented by the equation 
C = 0, where 

C(x, y,z) = x2/R; - y2/R; - 1 

The positive sense of the hyperbola at any point is in the tangent direction, T, to the curve at 
the point, where 

T = (-Cy,Cz, 0). 

The branch of the hyperbola represented is that pointed to by the x direction. 

EXPRESS specification: 

*> 
ENTITY hyperbola 

SUBTYPE OF (conic); 
semi-axis : positive-length-measure; 
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ref-direction --L 

Figure 5 - Hyperbola 

semi-imag-axis : positive-length-measure; 
END-ENTITY; 
(* 

Attribute definitions: 

SELF\conic.position: The location and orientation of the curve. 
conic.position.location is the centre of the hyperbola and conic.position.p[l] is in the di- 
rection of the semi-axis. The branch defined is on the side of position.p[l] positive. 

semiAxis: The length of the semi axis of the hyperbola. This is positive and is half the 
minimum distance between the two branches of the hyperbola. 

semiimagaxis: The length of the semi imaginary axis of the hyperbola which shall be positive. 

NOTE - See figure 5 for interpretation of attributes. 

Formal propositions: 

WRl: The length of the semi-axis shall be greater than zero. 

WR2: The length of the semiimagaxis shall be greater than zero. 
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4.4.25 parabola 

A parabola is a conic section defined by its focal length, position (apex), and orientation. 

Interpretation of the data shall be as follows: 

C = position.location 
x = position.p[ l] 

Y = position.p[2] 
z = position.p[3] 
F = focal-dist 

and the parabola is parametrised as 

x(u) = C + F(u2x t 27-y) 

The parametrisation range is -OQ < u < 00. 

In the placement coordinate system defined above, the parabola is represented by the equation 
c = 0, 
where 

C(x, y,z) = 4Fx - y2 

The positive sense of the curve at any point is in the tangent direction, T, to the curve at the 
point, where 

T = (-Cy,Cz, 0). 

EXPRESS snecification: 

*I 
ENTITY parabola 

SUBTYPE OF (conic); 
focal-dist : length-measure; 

WHERE 
WRI: focal-dist <> 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\conic.position: The location and orientation of the curve. conic.position.location 
is the apex of the parabola and conic.position.p[l] is the axis of symmetry. 

focal-dist: The distance of the focal point from the apex point. 

NOTE - See figure 6 for interpretation of attributes. 

Formal propositions: 

WRl: The focal distance shall not be zero. 
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1 

/ location 

ecti on 

Figure 6 - Parabola 

4.4.26 bounded-curve 

A bounded-curve is a curve of finite arc length with ident,ifiable end points.. 

EXPRESS specification: 

*I 
ENTITY bounded-curve 

SUPERTYPE OF (ONEOF(polyline, b-spline-curve, trimmed-curve, 
bounded-pcurve, bounded-surface-curve, composite-curve)) 

SUBTYPE OF (curve); 
END-ENTITY; 
(* 

Informal propositions: 

IPl: A bounded curve has finite arc length. 

IP2: A bounded curve has a start point and. an end point. 
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4.427 polyline 

A polyline is a bounded-curve of n - 1 linear segments, defined by a list of n points, 
Pl,PZ...P,. 

The ith segment of the curve is parametrised as follows: 

X(w) = P;(i - u> + P;+r(u + 1 - i), for1 < i < n - 1 - - 

where i - 1 < u < i and with parametric range of 0 < u < n - 1. - - - - 

EXPRESS specification: 

*> 
ENTITY polyline 

SUBTYPE OF (bounded-curve); 
points : LIST [2:?] OF Cartesian-point; 

END-ENTITY; 
(* 

Attribute definitions: 

points: The points defining the polyline. 

4.4.28 bspline-curve 

A B-spline curve is a piecewise parametric polynomial or rational curve described in terms of 
control points and basis functions. The B-spline curve has been selected as the most stable 
format to represent all types of polynomial or rational parametric curves. With appropriate 
attribute values it is capable of representing single span or spline curves of explicit polynomial, 
rational, Bezier or B-spline type. The b-spline-curve has three special subtypes where the 
knots and knot multiplicities can be derived to provide simple default capabilities. 

NOTES 

1 - Identifi 
siderations 

cati 
and 

on of B-spline curve default values and su btypes 
for efficiency ssues in performing comput ations. 

is important for p erformance con- 

2- A B-spline is rational if and only if the weights are not all identical; this can be represented 
by the rational-bspline_curve subtype. If it is polynomial, the weights may be defaulted to all 
being 1. 

3 - In the 
Bezier), th 

case 
e kno 

where the B-spline curve i s uniform, quasi-uniform or Bezi 
ts and knot multipli cities m ay be defaulted (i.e., non-existent 

by the attribute definitions). 

4 - When the knots are defaulted, a difference 
effective parameter range for the resulting curve 
subtypes. 

6- The defaulting of weights and knots are done independently of one another. 

of 1.0 between separate knots is assumed, and the 
starts from 0.0. These defaults are provided by the 

The knots and knot multiplicities shall not be defaulted in the non-uniform case. 

.er (including piecewise 
in the data as specified 
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7 - Definitions of the B-spline basis functions PJVf(u) can be found in [E-l, E-2, E-31. It should 
be noted that there is a difference in terminology between these references. 

Interpretation of the data is as follows: 

a> The curve, in the polynomial case, is given by: 

k 

X(U) = CP;Np(u). 
i=O 

b) In the rational case all weights shall be positive and the curve is given by: 

x( > c u = 
f-0 wiPiN;d(u) 
-i 

c i-0 wiN2’(u) ’ - 

where 
k+l = number of control points, 

P i = control points, 
Wi = weights, and 

d = degree. 

The knot array is an array of (k + d + 2) real numbers [u-d, . . . . ulc+l], such that for all indices 
j in [-d, k], uj <= uj+l. This array is obtained from the knots-data list by repeating each 
multiple knot according to the multiplicity. N$ the ith normalised B-spline basis function 
of degree d, is defined on the subset 
[ui-d 7 .=.y ui+r] of this array. 

4 Let L denote the number of distinct values amongst the d + k + 2 knots in the knot 
list; L will be referred to as the ‘upper index on knots’. Let mj denote the multiplicity (i.e., 
number of repetitions) of the jth distinct knot. Then: 

L 

x *i =d+k+2. 
i=l 

All knot multiplicities except the first and the last shall be in the range 1 . . . 
last may have a maximum value of d + 1. 

d; the first and 

In evaluating the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as a sequence 
u, u, u, in the knot array. 

The bspline-curve has three special subtypes where the knots and knot multiplicities are 
derived to provide simple default capabilities. 

NOTE- see figure 7 for further information on curve definition. 

EXPRESS specification: 

*> 
ENTITY b-spline-curve 

SUPERTYPE OF (ONEOF(uniform-curve, b-spline-curve-with-knots, 
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Oint 

Figure 7 - B-spline curve 

quasi-uniform-curve, bezier-curve) 
ANDOR rational-b-spline-curve) 

SUBTYPE OF (bounded-curve); 
degree : INTEGER; 
control-points-list : LIST [2:?] OF Cartesian-point; 
curve-form : b-spline-curve-form; 
closed-curve : LOGICAL; 
self-intersect : LOGICAL; 

DERIVE 
upper-index-on-control-points : INTEGER 

:= (SIZEOF(control-points-list) - 1); 
control-points : ARRAY [O:upper-index-on-control-points] 

OF Cartesian-point 
:= list-to~array(control_points_list,O, 

upper-index-on-control-points); 
WHERE 

WRI: ('GEOMETRY-SCHEMA.UNIFORM-CURVE' IN TYPEOF(self)) OR 
('GEOMETRY-SCHEMA.OUASIJJNIFORM-CURVE) IN TYPEOF(self)) OR 
('GEOMETRY-SCHEMA.BE~IER-CURVE) IN TYPEOF(self)) OR 
('GEOMETRY-SCHEMA.B_SPLINE_CURVE_WITH_KNOTS' IN TYPEOF(self)); 

END-ENTITY; 
(* 

Attribute definitions: 

degree: The algebraic degree of the basis functions. 

control-points-list: The list of control points for the curve. 

curve-form: Used to identify particular types of curve; it is for information only. (See 4.3.4 
for details). 
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closed-curve: Indication of whether the curve is closed; it is for information only. 

self-intersect: Flag to indicate whether the curve self intersects or not; it is for information 
only. 

SELF\geometric-representationitem.dim: The dimensionality of the coordinate space for 
the curve. 

upper-index-on-control-points: The upper index on the array of control points; the lower 
index is 0. This value is derived from the list of control points. 

control-points: The array of control points used to define the geometry of the curve. This is 
derived from the list of control points. 

NOTE - Where part of the data is described as ‘for information only this implies that if there is 
any discrepancy between this information and the properties derived from the curve itself, the curve 
data takes precedence. 

Formal propositions: 

WRl: Any instantiation of this entity shall include one of the subtypes 
b-spline-curve-with-knots, uniform-curve, quasi-uniform-curve or bezier-curve. 

4.4.29 b-splinexurve-withknots 

This is the subtype of b-spline-curve for which the knot values are explicitly given. This sub- 
type shall be used to represent non-uniform B-spline curves and may be used for other knot types. 

Let L denote the number of distinct values amongst the d + k + 2 knots in the knot list; L will 
be referred to as the ‘upper index on knots’. Let mj denote the multiplicity (i.e., number of 
repetitions) of the jth distinct knot. Then: 

L 

x *i =d+k+2. 
i=l 

All knot multiplicities except the first and the last shall be in the range 1 . . .d; the first and last 
may have a maximum value of d + 1. 

In evaluating the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as a sequence 
u, u, u, in the knot array. 

EXPRESS specification: 

*> 
ENTITY b-spline-curve-with-knots 
- SUBTYPE OF (b-spline-curve); 

knot-multiplicities : LIST [2:?3 OF INTEGER; 
knots : LIST [2:?] OF parameter-value; 
knot-spec : knot-type; 
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DERIVE 
upper-index-on-knots : INTEGER := SIZEOF(knots); 

WHERE 
WRI: constraints-param-b_spline(degree, upper-index-on-knots, 

upper-index-on-control-points, 
knot-multiplicities, knots); 

WR2: SIZEOF(knot_multiplicities) = upper-index-on-knots; 
END-ENTITY; 

(* 

Attribute definitions: 

knot-multiplicities: The multiplicities of the knots. This list defines the number of times each 
knot in the knots list is to be repeated in constructing the knot array. 

knots: The list of distinct knots used to define the B-spline basis functions. 

knot-spec: The description of the knot type. This is for information only. 

SELF\b-spline-curve.curveform: Used to identify particular types of curve; it is for infor- 
mation only. (See 4.3.4 for details). 

SELF\b-spline-curve.degree: The algebraic degree of the basis functions. 

SELF\b-spline-curve.closed-curve: Indication of whether the curve is closed; it is for infor- 
mation only. 

SELF\b-spline-curve.selfintersect: Flag to indicate whether the curve self intersects or 
not; it is for information only. 

dim: The dimensionality of the coordinate space for the curve. 

SELF\b_spline_curve.upperindex-ontrol-points: The upper index on the array of 
control points; the lower index is 0. This value is derived from the list of control points 

upper-index-on-knots: The upper index on the knot arrays; the lower index is 1. 

SELF\b-spline-curve.control_points: The array of control points used to define the geom- 
etry of the curve. This is derived from the list of control points. 

NOTE - Where part of the data is described as ‘for information only’ this implies that if there is 
any discrepancy between this information and the properties derived from the curve itself, the curve 
data takes precedence. 

Formal propositions: 

WRl: constraints-param-bspline returns TRUE if no inconsistencies in the parametrisa- 
tion of the B-spline are found. 

WR2: The number of elements in the knot multiplicities list shall be equal to the number of 
elements in the knots list. 
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4.4.30 uniform-curve 

This is a special subtype of b-spline-curve in which the knots are evenly spaced. Suitable 
default values for the knots and knot multiplicities are derived in this case. 

A B-spline is un;form if and only if all knots are of multiplicity 1 and they differ by a positive 
constant from the preceding knot. In this subtype the knot spacing is 1.0, starting at -d, where 
d is the degree. 

NOTE - If the B-spline curve is uniform and degree= 1, the B-spline is equivalent to a polyline. 

EXPRESS snecification: 

*> 
ENTITY unif arm-curve 

SUBTYPE OF (b-spline-curve); 
END-ENTITY; 
(* 

NOTE - The value k-up may be required for the upper index on the knot and knot multiplicity 
lists. This is computed from the degree and the number of control points. 
k-up = SELF\bspline-curve.upper-index-on-control-points + degree + 2. 
If required, the knots and knot multiplicities can be computed by the function calls: 
default-bsplineknots(SELF\b- pl s ine-curve.degree, k-upuniformknots), and 
default-bspline_knot-mult(SELF\bspline_curve.degree,k_up, uniform-knots). 

4.4.31 quasi-uniform-curve 

This is a special subtype of b-splinexurve in which the knots are evenly spaced, and except 
for the first and last, have multiplicity 1. Suitable default values for the knots and knot multi- 
plicities are derived in this case. 

A B-spline is quasi-uniform if and only if the knots are of multiplicity (degree+l) at the ends, 
of multiplicity 1 elsewhere, and they differ by a positive constant from the preceding knot. A 
quasi-uniform B-spline curve which has only two knots represents a Bezier curve. In this subtype 
the knot spacing is 1.0, starting at 0.0. 

EXPRESS specification: 

*> 
ENTITY quasi-uniform-curve 

SUBTYPE OF (b-spline-curve); 
END-ENTITY; 
(* 

NOTE - The value k-up may be required for the upper index on the knot and knot multiplicity 
, lists. This is computed from the degree and the number of control points. 

k-up = SELF\b pl s ine-curve.upper-index-on-control-points - degree + 2. 
If required, the knots and knot multiplicities can then be computed by the function calls: 
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default-bsplineknots(SELF\b- pl s ine-curve.degree,k.up, quasiuniformknots), and 
default_bspline_knot-mult(SELF\bspline-curve.degree,k-up, quasi-uniform-knots). 

4.4.32 bezierxurve 

This subtype represents in the most general case a piecewise B&ier curve. This is a special type 
of curve which can be represented as a subtype of b-spline-curve in which the knots are evenly 
spaced and have high multiplicities. Suitable default values for the knots and knot multiplicities 
are derived in this case. 

A B-spline curve is a piecewise BGzier curve if it is quasi-uniform except that the interior knots 
have multiplicity degree rather than having multiplicity one. In this subtype the knot spacing 
is 1.0, starting at 0.0. A piecewise B6zier curve which has only two knots, 0.0 and 1.0, each of 
multiplicity (degree+l), is a simple B&zier curve. 

NOTES 

1 - A simple Bezier curve can be defined as a B-spline curve with knots by the following data: 

degree (4 
upper index on control points (equal to d) 
control points (d + 1 Cartesian points) 
knot type (equal to quasi uniform knots) 
knot multiplicities (d+ l,d+ 1) 
knots (0.0, 1.0) 

No other data are needed, except for a rational Bezier curve. In this case the weights data ((d + 1) 
REALS) shall be given. 

2 - It should be noted that every piecewise Bezier curve has an equivalent representation as a 
B-spline curve. Because of problems with non-uniform knots not every B-spline curve can be repre- 
sented as a piecewise Bezier curve. 

To define a piecewise Bezier curve as a B-spline: 

- The first knot is 0.0 with multiplicity (d + 1). 

- The next knot is 1.0 with multiplicity d (we have now defined the knots for one segment, 
unless it is the last one). 

- The next knot is 2. 0 with multiplicity d ( we have now defined the knots for two 
again unless the second is the last one). 

segments, 

- Continue to the end of the last segment, call it the n-th segment, at the end of which a 
knot with value n, multiplicity (d + 1) is added. 
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EXAMPLES 

6 - A one-segment cubic Bezier curve would have knot sequence (OJ) with multiplicity sequence 
(4 4) 7 ’ 

7 - A two-segment cubic piecewise Bezier curve would have knot sequence (0,1,2) with multi- 
plicity sequence (4,3,4). 

3 - For the piecewise Bezier case, if d is the degree, Ic + 1 is the number of control points, m. is the 
number of knots with multiplicity d, and N is the total number of knots for the spline, then 

(d+2+k) = N 

= (d+ l)+md+ (d+ 1) 

thus,m = (k - d)/d 

Thus, the knot sequence is (0, 1, . . . m, (m + 1)) with multiplicities (d + 1, d, . . . d, d + 1). 

EXPRESS specification : 
*I 
ENTITY bezier-curve 

SUBTYPE OF (b-spline-curve); 
END-ENTITY; 
(* 

NOTE 4 - The value k-up may be required for the upper index on the knot and knot multiplicity 
lists. This is computed from the degree and the number of control points. 

k-up = 
SELF\b-spline-curve.upper-index_on_control-points 

SELF/b-spline-curve.degree 
-I- 1. 

If required, the knots and knot multiplicities can then be computed by the function calls: 
default-bsplineknots(SELF\b pl’ ,s me-curve.degree,k-up, piecewise-bezier-knots), and 
default-bsplineknot_mult( SELF\b pl’ -s me-curve.degree,kup, piecewise-bezier-knots). 

4.4.33 rational-b-splinexurve 

A rational-b-spline-curve is a piecewise parametric rational curve described in terms of con- 
trol points and basis functions. This subtype is instantiated with one of the other subtypes of 
b-spline-curve which explicitly or implicitly provide the knot values used to define the basis 
functions. 

All weights shall be positive and the curve is given by: 

x( > u = 

where 

c f=o WiPi N;d( u) 

c f-0 w;N,d(u) l 
- 

k-t-1 = number of control points, 
P i = control points, 
wi = weights, and 
d = degree. 
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EXPRESS sgecification: 

*> 
ENTITY rational b - - spline-curve 

SUBTYPE OF (b-spline-curve); 
weights-data : LIST [2:?] OF REAL; 

DERIVE 
weights : ARRAY [O:upper-index-on-control-points] OF REAL 

:= list-to-array(weights_data,O, 
upper-index-on-control-points); 

WHERE 
WRl: SIZEOF(weights-data) = SIZEOF(SELF\b-spline_curve.control_pointsJist); 
WR2: curve-weights-positive(SELF); 

END-ENTITY; 
(* 

Attribute definitions : 

weights-data: The supplied values of the weights. See the derived attribute weights. 

SELF\b-spline-curve.degree: The algebraic degree of the basis functions. 

SELF\b-spline-curve.curveform: Used to identify particular types of curve; it is for infor- 
mation only. (See 4.3.4 for details.) 

SELF\b-spline-curve.closed-curve: Indication of whether the curve is closed; it is for infor- 
mation only. 

SELF\b-spline-curve.selfintersect: Flag to indicate whether the curve self intersects or 
not; it is for information only. 

SELF\b_spline_curve.upperindex-on-control-points: The upper index on the array of 
control points; the lower index is 0. This value is derived from the list of control points 

SELF\b-spline-curve.control_points: The array of control points used to define the geom- 
etry of the curve.This is derived from the list of control points 

weights: The array of weights associated with the control points. This 
weights-data 

NOTE - Where part of the data is described as ‘for information only’ this 
any discrepancy between this information and the properties derived from th 
data takes precedence. 

Formal propositions : 

WRl: There shall be the same number of weights as control points. 

is derived from the 

implies that if there is 
.e curve itself the curve 

WR2: All the weights shall have values greater than 0.0. 
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4.4.34 trimmed-curve 

A trimmed curve is a bounded curve which is created by taking a selected portion, between two 
identified points, of the associated basis curve. The basis curve itself is unaltered and more than 
one trimmed curve may reference the same basis curve. Trimming points for the curve may be 
identified: 

- bY P arame t ric value; 

- by geometric position; 

- by both of the above. 

At least one of these shall be specified at each end of the curve. The sense makes it possible to 
unambiguously define any segment of a closed curve such as a circle. The combinations of sense 
and ordered end points make it possible to define four distinct directed segments connecting 
two different points on a circle or other closed curve. For this purpose cyclic properties of the 
parameter range are assumed; for example, 370 degrees is equivalent to 10 degrees. 

The trimmed curve has a parametrisation which is inherited from that of the particular basis 
curve referenced. More precisely the parameter s of the trimmed curve is derived from the 
parameter t of the basis curve as follows: 

If sense is TRUE: s = t - tl. 
If sense is FALSE: s = t2 - t. 

In the above equations tl is the value given by trim-l or the parameter value corresponding to 
point-1 and t2 is the parameter value given by trim-2 or the parameter corresponding to point-2 
The resultant trimmed curve has a parameter s ranging from 0 at the first trimming point to 
It 2- tlI at the second trimming point. 

NOTES 

l- In the case of a closed basis curve, it may be necessary to increment tl or tz by the parametric 
length for consistency with the sense flag. 

2 - For example: 
(a) If sense-agreement = TRUE and t2 < tl, t2 should be increased by the parametric length. 
(b) If sense-agreement = FALSE and tl < t2, tl should be increased by the parametric length. 

EXPRESS specification: 

*> 
ENTITY trimmed-curve 

SUBTYPE OF (bounded-curve); 
basis-curve : curve; 
trim-1 : SET[l:2] OF trimming-select; 

, trim-2 : SET[l:2] OF trimming-select; 
sense-agreement : BOOLEAN; 
master-representation : trimming-preference; 

WHERE 
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WRI: (HIINDEX(trim-1) = 1) XOR (TYPEOF(trim-1 cl]) <> TYPEOF(trim-I [2] >> ; 
WR2: (HIINDEX(trim-2) = 1) XOR (TYPEOF(trim-2 [I] > <> TYPEOF(trim-2 [2] )) ; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-curve: The curve to be trimmed. For curves with multiple representations any param- 
eter values given as trim-l or trim-2 refer to the master representation of the basis-curve 
only. 

trim-l: The first trimming point 
real parameter value (parameter-l 

which 
- 
- 17 t > 

may be 
or both. 

specified as a Cartesian point (point-l), as a 

trim-% Th.e second trimming point which may be specified as a Cartesian point (point -2), as a 
real parameter value (parameter-2 = t2), or both. 

sense-agreement: Flag to indicate whether the direction of the trimmed curve agrees with or 
is opposed to the direction of basis-curve. 

- sense agreement = TRUE if the curve is being traversed in the direction of increasing 
parametric value; 

- sense agreement = FALSE otherwise. For an open curve, sense agreement = FALSE if 
tl > t2. If t2 > tl, sense agreement = TRUE. The sense information is redundant in this 
case but is essential for a closed curve. 

master-representation: Where both parameter and point are present at either end of the 
curve this indicates the preferred form. Multiple representations provide the ability to com- 
municate data in more than one form, even though the data are expected to be geometrically 
identical. (See 43.8.) 

NOTE - The master-representation attribute acknowledges the impracticality of ensuring that mul- 
tiple forms are indeed identical and allows the indication of a preferred form. This would probably 
be determined by the creator of the data. All characteristics, such as parametrisation, domain, 
and results of evaluation, for an entity having multiple representations, are derived from the master 
representation. Any use of the other representations is a compromise for practical considerations. 

Formal propositions: 

WRl: Either a single value is specified for trim-l, or, the two trimming values are of different 
types (point and parameter). 

WR2: Either a single value is specified for 
types (point and parameter). 

Informal propositions: 

IPl: Where both the parameter value and 
shall be consistent, i.e., the basis-curve e 

trim-2, or, the two trimming values are of different 

the Cartesian point exist for trim-l or trim-2 they 
valuated at the parameter value shall coincide with 
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the specified point. 

IP2: When a Cartesian point is specified by trim-l or by trim-2, it shall lie on the basis-curve. 

IP3: Except in th 
exist, they sh all be 

.e case 
consis 

of a closed basis-curve, where both _ parameter-l and para,meter-2 
tent with th .e sense flag, i.e., sense = ( parameter-l < pa)r ameter-2). 

IP4: If both parameter-l and parameter2 exist, parameter-l <> parameter2 

IP5: When a parameter value is specified by trim-l or trim-2, it shall lie within the parametric 
range of the basis-curve. 

4 .4.35 composite-curve 

A composite-curve is a collection of curves joined end-to-end. The individual segments of 
the curve are themselves defined as composite-curve-segments. The parametrisation of the 
composite curve is an accumulation of the parametric ranges of the referenced bounded curves. 
The first segment is parametrised from 0 to Zr, and, for i > 2, the Gh segment is parametrised - 
from 

k=i-1 k=i 

x lk to IE lk, 
k=l k=l 

where lk is the parametric length (i.e., difference between maximum and minimum parameter 
values) of the curve underlying the P segment. Let T denote the parameter for the compos- 
ite-curve. Then, if the ith segment is not a reparametrisedxompositexurvesegment, T 
is related to the parameter t;, t;() < t; < t;1, _ _ for the ith segment by the equations: 

k=i-1 

T - - l,, t t; - ti0, 

if segm 

if segment s[i] .same_sense 

II i .samesense - - 

- - 

k=l 

TRUE; 

k=i-1 

T - - c II, t t;l - t;, 
k=I 

FALSE. 

If segments[i] is of type reparametrised-composite-curve-segment, 

k=i-1 

T - - E 1 t k 7, 
k=l 

Where r is defined in 4.4.37. 
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IS0 10303-42:1994(E) 

*> 
ENTITY composite-curve 

SUBTYPE OF (bounded-curve); 
segments : LIST [I:?] OF composite-curve-segment; 
self-intersect : LOGICAL; 

DERIVE 
n-segments : INTEGER := SIZEOF(segments); 
closed-curve : LOGICAL 

:= segment&-segments].transition 0 discontinuous; 
WHERE 

WRI: ((NOT closed-curve) AND (SIZEOF(QUERY(temp <* segments 1 
temp. transition = discontinuous)) = 1)) OR 

((closed-curve) AND (SIZEOF(QUERY(temp <* segments 1 
temp. transition = discontinuous)) = 0)); 

END-ENTITY; 
(* 

Attribute definitions: 

n-segments: The number of component curves. 

segments: The component bounded curves, their transitions and senses. The transition at- 
tribute for the last segment defines the transition between the end of the last segment and the 
start of the first; this transition attribute may take the value discontinuous, which indicates 
an open curve. (See 4.3.2). / 

self-intersect: Indication of whether the curve intersects itself or not; this is for information 
only. 

dim: The dimensionality of the coordinate space for the composite curve. This is an inherited 
attribute from the geometric representation item supertype. 

closed-curve: Indication of whether the curve is closed or not; this is derived from the transi- 
tion code on the last segment. 

NOTE - See figure 8 for further information on attributes. 

Formal DroDositions: 

WRl: No transition code shall be discontinuous, except for the last code of an open curve. 

Informal DroDositions: 

IPl: The same-sense attribute of each segment correctly specifies the senses of the component 
curves. 
to-end. 

When traversed in the direction indicated by same-sense, the segments shall join end- 

4.4.36 composite-curve-segment 

A compositexurvesegment is a bounded curve together with transition information which 
used to construct a composite-curve. 1s 
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cent-same-gradient 7 

discontinuous 

-l 

/ 
/ 

/ 
/ 

Figure 8 - Composite curve 

EXPRESS specification: 

*I 
ENTITY composite-curve-segment; 

transition : transition-code; 
same-sense : BOOLEAN; 
parent-curve : curve; 

INVERSE 
using-curves : BAG[l:?] OF composite-curve FOR segments; 

WHERE 
WRl : ('GEOMETRY-SCHEMA.B~~NDED_CURVE' IN TYPEOF(parent-curve)); 

END-ENTITY; 
(* 

Attribute definitions: 

transition: The state of transition (i.e., geometric continuity from the last point of this segment 
to the first point of the next segment) in a composite curve. 

same-sense: An indicator of whether or not the sense of the segment agrees with, or opposes, 
that of the parent curve. If same-sense is false, the point with highest parameter value is taken 
as the first point of the segment. 

parent -curve: The bounded curve which defines the geometry of the segment. 

using-curves: The set of composite-curves which use this composite-curve-segment as 
a segment. This set shall not be empty. 
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Formal propositions: 

WRl: The parent-curve shall be a bounded-curve. 

4.4.37 reparametrised-composite-curve-segment 

The reparametrised-composite-curvesegment is a special subtype of 
compositexurvesegment which provides the capability to re-define its parametric length 
without changing its geometry. Let I = param-length. 

If to < t < tl is the parameter range of parent-curve, the new parameter r for the reparametrisedxompos - - 
is given by the equations: 

if samesense = TRUE; 

if samesense = FALSE. 

EXPRESS specification: 

*> 
ENTITY reparametrised_composite_curve_segment 

SUBTYPE OF (composite-curve-segment); 
param-length : parameter-value; 

WHERE 
WRI: param-length > 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

param-length: The new parametric length of the segment. The segment is given a simple 
linear reparametrisation from 0.0 at the first point to param-length at the last point. The 
pajrametrisation of the composite curve constructed using this segment is defined in terms of 
param-lengt h. 

Formal propositions: 

WRl: The param-length shall be greater than zero. 

4.4.38 pcurve 

A pcurve is a 3D curve defined by means of a 2D curve in the parameter space of a surface. If 
the curve is parametrised by the function (u, V) = f(t), and the surface is parametrised by the 
function (x,~,z) = g( u, v), the pcurve is parametrised by the function (x, y, z) = g( f(t)). 

A pcurve definition contains a reference to its basis-surface and an indirect reference to a 
2D curve through a definitional-representation entity. The 2D curve, being in parameter 
space, is not in the context of the basis surface. Thus a direct reference is not possible. For the 
2D curve the variables involved are u and v, which occur in the parametric representation of 

59 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303=42:1994(E) 0 c IS0 

the basis-surface rather than 2, y Cartesian coordinates. The curve is only defined within the 
parametric range of the surface. 

EXPRESS sDecification: 

*> 
ENTITY pcurve 

SUBTYPE OF (curve); 
basis-surface : surface; 
reference-to-curve : definitional-representation; 

WHERE 
WRI: SIZEOF(reference-to_curve\representation.items) = I; 
WR2: 'GEOMETRY-SCHEMA.CURVE' IN TYPEOF 

(reference-to-curve\representation.items[l]); 
WR3: reference-to-curve\representation. 

items[l]\geometric~representation_item.dim =2; 
END-ENTITY; 
(* 

Attribute definitions: 

basis-surface: The surface in whose parameter space the curve is defined. 

reference-to-curve: The reference to the parameter space curve which defines the pcurve. 

Formal propositions: 

WRl: The set of items in the definitional-representation entity corresponding to the ref- 
erence-to-curve shall have exactly one element. 

WR2: The unique item in the set shall be a curve. 

WR3: The dimensionality of this parameter space curve shall be 2. 

4.439 bounded-pcurve 

A bounded-pcurve is special subtype of pcurve which also has the properties of a bounded-curve. 

EXPRESS specification: 

*> 
ENTITY bounded-pcurve 

SUBTYPE OF (pcurve, bounded-curve); 
WHERE 

wRi: ('GEOMETRY SCHEMA.BOUNDED CURVE' IN 
TYPEOF(SELF\pcu;ve.reference_to_curve.items[l])); 

END-ENTITY; 
(* 

Formal propositions: 

WRl: The referenced curve of the pcurve supertype shall be of type bounded-curve. This 
ensures that the bounded-pcurve is of finite arc length. 
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4.4.40 surface-curve 

A surface-curve is a curve on a surface. The curve is represented as a curve (curve3d) 
in three-dimensional space and possibly as a curve, corresponding to a pcurve, in the two- 
dim.ensional parametric space of a surface. The ability of this curve to reference a list of 1 or 
2 pcurve-or-surfaces enables this entity to define either a curve on a single surface, or an 
intersection curve which has two distinct surface associations. A ‘seam’ on a closed surface can 
also be represented by this entity; in this case each associated-geometry will be a pcurve 
lying on the same surface. Each pcurve, if it exists, shall be parametrised to have the same 
sense as curveSd. The surface curve takes its parametrisation directly from either curveAd 
or a pcurve as indicated by the attribute master representation. 

NOTE - Because of the ANDOR relationship with the boundedsurface-curve subtype an in- 
stance of a surface-curve may be any one of the following: 

- a surface-curve; 

- a bounded-surface-curve; 

- an intersection-curve; 

- an intersection-curve and boundedsurfacexurve; 

- a seam-curve; 

- a seam-curve and bounded-surface-curve. 

EXPRESS specification: 

*> 
ENTITY surf ace-curve 

SUPERTYPE OF (ONEOF(intersection-curve, seam-curve) ANDOR 
bounded-surface-curve) 

SUBTYPE OF (curve); 
curve-3d : curve; 
associated-geometry : LIST[l:2] OF pcurve-or-surface; 
master-representation : preferred-surface-curve-representation; 

DERIVE 
basis-surface : SET[l:2] OF surface 

:= get-basis-surface(SELF); 
WHERE 

WRI: curve 3d.dim = 3; . 

wR2: (JGEOMETRY-SCHEMA.PCURVEJ IN TYPEOF(associated-geometry[l])) OR 
(master-representation <> pcurversl); 

wR3: ('GEOMETRY-SCHEMA.PCURVE) IN TYPEOF(associated_geometry[2])) OR 
(master-representation 0 pcurve-s2); 

WRY: NOT ('GEOMETRY-SCHEMA.PCURVE) IN TYPEOF(curve-3d)); 
END-ENTITY; 
(* 
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Attribute definitions: 

curve-3d: The curve which is the three-dimensional representation of the surface-curve. 

associated-geometry: A list of one or two pcurves or surfaces which define the surface or 
surfaces associated with the surface curve. Two elements in this list indicate that the curve has 
two surface associations which need not be two distinct surfaces. When a pcurve is selected, it 
identifies a surface and also associates a basis curve in the parameter space of this surface. 

mastersepresentation: Indication of representation “preferred”. The master representation 
defines the curve used to determine the unique parametrisation of the surface curve. 
The master representation takes one of the values curve_3d, pcurve-sl or pcurves2 to indicate 
a preference for the 3D curve, or the first or second pcurve, in the associated geometry list, 
respectively. Multiple representations provide the ability to communicate data in more than one 
form, even though the data is expected to be geometrically identical. 

NOTE - The master-representation attribute acknowledges the impracticality of ensuring that mul- 
tiple forms are indeed identical and allows the indication of a preferred form. This would probably 
be determined by the creator of the data. All characteristics, such as parametrisation, domain, 
and results of evaluation, for an entity having multiple representations, are derived from the master 
representation. Any use of the other representations is a compromise for practical considerations. 

basis-surface: The surface, or surfaces on which the surface-curve lies. This is determined 
from the associated-geometry list. 

Formal propositions: 

WRl: curve-3d shall be defined in three-dimensional space. 

WR2: pcurvesl shall only be nominated as the master representation if the first element of 
the associated geometry list is a pcurve. 

WR3: pcurves2 shall only be nominated as the master representation if the second element 
of the associated geometry list is a pcurve. This also requires that pcurves2 shall not be 
nominated when the associated geometry list contains a single element. 

WR4: curve-3d shall not be a pcurve. 

Informal propositions: 

IPl: Where curveJd and one or more pcurves exist they shall represent the same mathe- 
matical point set. (i.e., They shall coincide geometrically but may differ in parametrisation.) 

IP2: curve-3d and any associated pcurves shall agree with respect to their senses. 

4.4.41 intersection-curve 

An intersection-curve is a curve which results from the intersection of two surfaces. It is repre- 
sented as a special subtype of the surface-curve entity having two distinct surface associations 
defined via the associated geometry list. 
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EXPRESS sDecification : 

*> 
ENTITY intersection-curve 

SUBTYPE OF (surface-curve); 
WHERE 

WRI: SIZEOF(SELF\surface-curve.associated_geometry) = 2; 
WR2: associated surface(SELF\surface_curve.associated_geometry[ll) <> 

associated_surface(SELF\surface_curve.associated-geometry[21); 
END-ENTITY; 
(* 

Formal propositions : 

WRl: The 

WR2: The 
the surfaces 

4.4.42 

intersection curve shall have precisely two associated geometry elements. 

two associated geometry elements shall be related to distinct surfaces. These are 
which define the intersection curve. 

seam-curve 

A seam-curve is a curve on a closed parametric surface which has two distinct representations 
as constant parameter curves at the two extremes of the parameter range for the surface. For 
example the ‘seam’ on a cylinder has representations as the lines u = 0 or u = 360 degrees in 
parameter space. 

EXPRESS specification: 

*> 
ENTITY seam-curve 

SUBTYPE OF (surface-curve); 
WHERE 

WRl: SIZEOF(SELF\surface_curve.associated_geometry) = 2; 
WR2: associated_surface(SELF\surface_curve.associated-geometry~l]) = 

associated_surface(SELF\surface_curve.associated-geometry[2]); 
WR3: 'GEOMETRY-SCHEMA.PCURVE' IN 

TYPEOF(SELF\surface_curve.associated_geometry[l]); 
WR4: 'GEOMETRY-SCHEMA.PCURVE' IN 

TYPEOF(SELF\surface_curve.associated_geometry[2]); 
END-ENTITY; 
(* 

Formal propositions: 

WRl: The seam curve shall have precisely two associated-geometrys. 

WR2: The two associated-geometrys shall be related to the same surface. 

WR3: The first associated-geometry shall be a pcurve. 
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4.4,43 bounded-surface-curve 

A bounded-surface-curve is a specialised subtype of surface-curve which also has the prop- 
erties of a bounded-curve. 

EXPRESS specification: 

*> 
ENTITY bounded-surface-curve 

SUBTYPE OF (surface-curve, bounded-curve); 
WHERE 

wR1: ('GEOMETRY SCHEMA.BOUNDED CURVE' IN 
TYPEOF(SELF\surface-krve.curve-3d)); 

END-ENTITY; 
(* 

Formal propositions : 

WRl: The curveAd attribute of the surface-curve supertype shall be a bounded-curve. 

4.4.44 composite-curve-on-surface 

A composite-curve-on-surface is a collection of segments which are curves on a surface. Each 
segment shall lie on the basis surface, and may be 

- 

- 

a surface-curve or 

a pcurve or 

- a composite-curve-on-surface. 

NOTE - A composite-curve-on-surface can be included as the parent-curve attribute of a 
composite-curve-segment since it is a bounded curve subtype. 

There shall be at least positional continuity between adjacent segments. The parametrisation of 
the composite curve is obtained from the accumulation of the parametric ranges of the segments. 
The first segment is parametrised from 0 to II, and, for i > 2, the ith segment is parametrised - 
from 

k=i-1 k=i 

c lk t0 xl lk, 
k=l k=I 

where lk is the parametric length (i.e., difference between maximum and minimum parameter 
values) of the kth curve segment. 

. 

EXPRESS specification : 

*> 
ENTITY composite-curve-on-surface 

SUPERTYPE OF(boundary-curve) 
SUBTYPE OF (composite-curve); 

DERIVE 
basis-surface : SET[O:2] OF surface := 

get-basis-surface(SELF); 
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WHERE 
WRl: SIZEOF(basis surface) > 0; 
WR2: constraints-iomposite-curve-on-surface(SELF); 

END-ENTITY; 
(* 

Attribute definitions : 

basis-surface: The surface on which the composite curve is defined. 

SELF\composite-curve.nsegments: The number of component curves. 

SELF\composite-curve.segments: The component bounded curves, their transitions and 
senses. The transition for the last segment defines the transition between the end of the last 
segment and the start of the first; this element may take the value discontinuous, which 
indicates an open curve. (See 4.3.2.) 

SELF\composite-curve.selfintersect: Indication of whether the curve intersects itself or 
not. 

SELF\compositexurve.dim: The dimensionality of the coordinate space for the composite 
curve. 

SELF\composite-curve.closed-curve: Indication of whether the curve is closed or not. 

Formal propositions: 

WRl: The basis-surface SET shall contain at least one surface. This ensures that all segments 
reference curves on the same surface. 

WR2: Each segment shall 
on-surface. 

Informal propositions : 

IP 1: Each parent -curve 
curve on surface and a bou 

reference a p 

referenced by 
nded curve. 

cu 

a 

rve, or a surface-cu 

composite-curve-o 

.rve, or a composit 

rface segment shall be a 

exu rve-- 

4.4.45 offset-curve-2d 

An offset_curveJd is a curve at a constant distance from a basis curve in two-dimensional 
space. This entity defines a simple plane-offset curve by offsetting by distance along the normal 
to basis-curve in the plane of basis-curve. 

The underlying curve shall have a well-defined tangent direction at every point. In the case of 
a composite curve, the transition code between each segment shall be conksame-gradient or 
cant -same-gradient samexurvat ure. 

NOTE - The offsetxurve2d may differ in nature from the basis-curve; the offset of a non 
self-intersecting curve can be self intersecting. Care should be taken to ensure that the offset to a 
continuous curve does not become discontinuous. 
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The offset-curve-2d takes its parametrisation from the basis-curve. The offsetxurve2d is 
parametrised as 

X(u) = C(u) + d( ort hogonalxomplement (T)), 

where T is the unit tangent vector to the basis curve C(u) at pa’rameter value u, and d is 
distance. The underlying curve shall be two-dimensional. 

EXPRESS specification: 

*> 
ENTITY offset-curve-2d 

SUBTYPE OF (curve); 
basis-curve : curve; 
distance : length-measure; 
self -intersect : LOGICAL; 

WHERE 
WRl: basis-curve.dim = 2; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-curve: The curve that is being offset. 

distance: The distance of the offset curve from the basis curve. distance maly be positive, 
negative or zero. A positive value of distance defines an offset in the direction which is normal 
to the curve in the sense of an anti-clockwise rotation through 90 degrees from the tangent 
vector T at the given point. (This is in the direction of orthogonal-complement(T).) 

self-intersect: An indication of whether the offset curve self intersects; this is for information 
only. . 

Formal propositions: 

WRl: The underlying curve shall be defined in two-dimensional space. 

4.4.46 offsetxurveJd 

An offsetxurveSd is a curve at a constant distance from a basis curve in three-dimensional 

The underlying curve shall have a well-defined tangent direction at every point. In the case of 
a composite curve the transition code between each segment shall be cant-same-gradient 01s 
cant-same-gradient-same-curvature. 

The offset curve at any point (parameter) on the basis curve is in the direction V x 2' where 
V is the fixed reference direction and T is the unit tangent to the basis-curve. For the offset 
direction to be well defined, T shall not at any point of the curve be in the same, or opposite, 
direction as V. 

NOTE - The offset-curve-3d may differ in nature from the basis-curve; the offset of a non- 
self-intersecting curve can be self intersecting. Care should be taken to ensure that the offset to a 
continuous curve does not become discontinuous. 
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The offset-curveSd ta)kes its parametrisation from the basis-curve. The offset-curve-3d is 
parametrised as 

X(u) = C(u) + dV x T. 

Where T is the unit tangent vector to the basis curve C(u) at parameter value u, and d is 
distance. 

EXPRESS specification: 

*> 
ENTITY offset-curve-3d 

SUBTYPE OF (curve); 
basis-curve : curve; 
distance : length-measure; 
self-intersect : LOGICAL; 
ref-direction : direction; 

WHERE 
WRI : (basis-curve.dim = 3) AND (ref-direction.dim = 3); 

END-ENTITY; 
(* 

Attribute definitions: 

basis-curve: The curve that is being offset. 

distance: The distance of the offset curve from the basis curve. The distance may be positive, 
negative or zero. 

self-intersect: An indication of whether the offset curve self intersects, this is for information 
only. 

ref-direction: The direction used to define the direction of the offset-curve from the ba- 
sis-curve. 

Formal propositions: 

WRl: Both the underlying curve and the reference direction shall be in three-dimensional 
space. 

Informal propositions: 

IPl: At no point on the c 
the tangent vector. 

4.4.47 curve-rep 

urve s 

lica 

lhall ref-direction be paral lel, or opposite to, the direction of 

A curve-replica is a replica of a curve in a different location. It is defined by referencing the 
parent curve and a transformation. The geometric form of the curve produced will be the same 
as the parent curve, but, where the transformation includes scaling, the dimensions will differ. 
The curve replica takes its parametric range and parametrisation directly from the parent curve. 
Where the parent curve is a curve on surface, the replica will not in general share the property 
of lying on the surface. 

EXPRESS specification: 

67 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303-42:1994(E) 0 c IS0 

*> 
ENTITY curve-replica 

SUBTYPE OF (curve); 
parent-curve : curve; 
transformation : Cartesian-transformation-operator; 

WHERE 
WRl: transformation.dim = parent-curve.dim; 
WR2: acyclic-curve-replica (SELF, parent-curve); 

END-ENTITY; 
(* 

Attribute definitions: 

parent-curve: The curve that is being copied. 

transformation: The Cartesian transformation operator which defines the location of the curve 
replica. This transformation may include scaling. 

Form .a1 DroT>ositions: 

WRl: The coordinate space dimensionality of the transformation attribute shall be the same 
as that of the parent-curve. 

WR2: A curve-replica shall not participate in its own definition. 

4.4.48 surface 

See 3.1 for definition. A surface can be envisioned as a set of connected points in 3-dimensional 
space which is always locally 2-dimensional, but need not be a manifold. A surface shall not 
be a single point or in part, or entirely, a curve. 

Each surface has a parametric representation of the form 

where u and ‘u are independent dimensionless parameters. The unit normal N, at any point on 
the surface, is given by the equation 

N(u,v) = (g x g) 
. 

EXPRESS sr>ecification: 

*> 
ENTITY surface 

SUPERTYPE OF (ONEOF(elementary_surface, swept-surface, bounded-surface, 
offset-surface, surface-replica)) 

SUBTYPE OF (geometric-representation-item); 
END-ENTITY; 
(* 
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Informal propositions: 

IPl: A surface has non-zero area. 

IP2: A surface is arcwise connected. 

4.4.49 elementarysurface 

An elementary surface is a simple analytic surface with defined parametric representation. 

EXPRESS specification: 

*> 
ENTITY elementary-surface 

SUPERTYPE OF (ONEOF(plane, cylindrical-surface, conical-surface, 
spherical-surface, toroidal-surface)) 

SUBTYPE OF (surface); 
position : axis2-placement-3d; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The position and orientation of the surface. This attribute is used in the definition 
of the parametrisation of the surface. 

4.4.50 plane 

A plane is an unbounded surface with a constant normal. A plane is defined by a point on the 
plarle and the normal direction to the plane. The data is to be interpreted as follows: 

C = position.location 
X = position.p[l] 
Y = position.p[2] 
z = position.p[3] = normal to plane 

and the surface is parametrised as 

u(u, v) = c+xu+yv ’ 

where the parametrisation range is -oo < u, v < 00. In the above parametrisation, the length 
unit for the unit vectors x and y is derived from the context of the plane. 

EXPRESS specification: 

*> 
ENTITY plane 
SUBTYPE OF (elementary-surface); 
END-ENTITY; 
(* 

Attribute definitions: 
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SELF\elementary-surface.position: The location and orientation of the surface. This at- 
tribute is inherited from the elementary-surface supertype. . 

position.location: A point in the plane. 

position.p[3]: This direction, which is equal to position.axis, defines the normal to the plane. 

4.4.51 cylindricalsurface 

A cylindrical-surface is a surface at a constant distance (the radius)from a straight line. A 
cylindrical-surface is defined by its radius and its orientation and location. The data is to be 
interpreted as follows: 

C = position.location 
X = position.p[l] 
Y = position.p[2] 
z = position.p[3] 
R - - radius 

and the surface is parametrised as 

+, v> = C t R(( cos u)x + (sin u)y) + vz 

where the parametrisation range is 0 5 u 5 360 degrees and -oo < v < 00. In the above 
parametrisation, the length unit for the unit vector z is equal to that of the radius. 

In the placement coordinate system defined above, the surface is represented by the equation 
S = 0, where 

S(x7 y, x) = x2 + y2 - R2 

The positive direction of the normal to the surface at any point on the surface is given by 

(s,, s,, s,>= 

The unit normal is given by 
N(u, v) = (cos u)x + (sin u)y. 

The sense of this normal is away from the axis of the cylinder. 

EXPRESS specification: 

*> 
ENTITY 
cylindrical-surface 

SUBTYPE OF (elementary-surface); 
radius : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\elementarysurface.position: The location and orientation of the cylinder. 
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position.location: A point on the axis of the cylinder. 

position.p[3]: Th e d irection of the axis of the cylinder. 

radius: The radius of the cylinder. 

4.4.52 conicalsurface 

A conical-surface is a surface which could be produced by revolving a line in 3-dimensional 
space about any intersecting line. A conical-surface is defined by the semi-angle, the location 
and orientation and by the radius of the cone in the plane passing through the location point C 
normal to the cone axis. 

NOTE - This form of representation is designed to provide the 
those parts of the surface which are close to the location point cq 
only be selected as location point if the region of the surface close 

greatest geometric precision for 
For this reason the apex should 
to the apex is of interest. 

The data is to be interpreted as follows: 

C = position.location 
X = position.p[ l] 
Y = position.p[2] 
z = position.p[3] 
R - - radius 
a = semi-angle 

and the surface is parametrised as 

D(u,v)= C+(R+vtana)((cosu)x+(sinu)y)+vz 

where the parametrisation range is 0 5 u 5 360 degrees and -oo < v < 00. In the above 
parametrisation the length unit for the unit vector z is equal to that of the radius. 

In the placement coordinate system defined above, the surface is represented by the equation 
S = 0. where 

The positive direction of the normal to the surface at any point on the surface is given by 

(sx, s,, &>. 

The unit normal is given by 

N( 
u/v = 

) (cos u)x + (sin u)y - (tan a>2 
1-t (tana)2 

. 

The sense of the normal is away from the axis of the cone. If the radius is zero, the cone apex 
is at the point (O,O,O) in the placement coordinate system (i.e., at position.location). 

EXPRESS sDecification: 
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ref-direction 
PM 

Figure 9 - Conical surface 

*) 
ENTITY 
conical-surface 

SUBTYPE OF (elementary-surface); 
radius : length-measure; 
semi-angle : plane-angle-measure; 

WHERE 
WRI: radius >= 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\elementary-surface.position: The location and orientation of the surface. 

position.location: The location point on the axis of the cone. 

position.p[3]: The direction of the axis of the cone. 

radius: The radius of the circular curve of intersection between the cone and a plane perpen- 
dicular to the axis of the cone passing through the location point (i.e., position.location). 

semiangle: The cone semi-angle. 
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NOTE - See figure 9 for illustration of the attributes. 

Formal propositions: 

WRI: The radius shall not be negative. 

Informal propositions: 

IPI: The semi-angle shall be between 0 and 90 degrees. 

4.4.53 spherical-surface 

A spherical surface is a surface which is at a constant distance (the radius) from a central point. 
A spherical-surface is defined by the radius and the location and orientation of the surface. 

The data is to be interpreted as follows: 

C 
X 

Y 
z 

R 

and the surface is parametrised as 

u(u,v) = c + 

where the parametrisation range is 

= position.location (centre) 
= position.p[l] 
= position.p[2] 
= position.p[3] 
- - radius 

R~~~v((co~u)x + (sinu)y)+ R( sinv)z 

0 < u 5 360 degrees and -90 5 v 5 90 degrees. 

In the placement coordinate system defined above, the surface is represented by the equation 
S = 0, where 

S(x,y,z)= x2 + y2 -j--z2 - R2. 

The positive direction of the normal to the surface at any point on the surface is given by 

(s,~ s,, s,>. 
The unit normal is given by 

N(u, v) = cos v((cosu)x + (sin u)y) + (sin v)z, 

that is, it is directed away from the centre of the sphere. 

EXPRESS specification: 

*> 
ENTITY spherical-surface 

SUBTYPE OF (elementary-surface); 
radius : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\elementary-surface.position: The location and orientation of the surface. 
position.location is the centre of the sphere. 

radius: The radius of the sphere. 
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4.4.54 toroidal-surface 

A toroidal-surface is a surface which could be produced by revolving a circle about a line 
in its plane. The radius of the circle being revolved is referred to here as the minor-radius 
and the major-radius is the distance from the centre of this circle to the axis of revolution. A 
toroidal-surface is defined by the major and minor radii and the position and orientation of 
the surface. 

The data is to be interpreted as follows: 

C = position.location 
X = position.p[ l] 
Y = position.p[2] 
z = position.p[3] 
R - - majorradius 
r = minorsadius 

and the surface is parametrised as 

u(u, v) = C t (R t r cos v)( (cos u)x + (sin u)y) + r( sin v)z 

where the parametrisation range is 0 5 u, v 2 360 degrees. 

In the placement coordinate system defined above, the surface is represented by the equation 
S = 0, where 

S(x, y,z) = x2 + y2 + z2 - 2RdG - r2 + R2. 

The positive direction of the normal to the surface at any point on the surface is given by 

(Sx, s,, sz>. 
The unit normal is given by 

N( u, v) = cos v( (cos u)x + (sin u)y) + (sin v)z. 

The sense of this normal is away from the nearest point on the circle of radius R with centre 
C. A manifold surface will be produced if the major radius is’greater than the minor radius. If 
this condition is not fulfilled, the resulting surface will be self-intersecting. 

EXPRESS sDecification: 

*> 
ENTITY toroidal-surface 

SUBTYPE OF (elementary-surface); 
major-radius : positive-length-measure; 
minor-radius : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\elementary-surface.position: The location and orientation of the surface. 
position.location is the central point of the torus. 

74 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


0 c IS0 IS0 10303-42:1994(E) 

major-radius: The major radius of the torus. 

minor-radius: The minor radius of the torus. 

4.4.55 degenerate-toroidal-surface 

A degenerate-toroidal-surface is a special subtype of a toroidal-surface in which the mi- 
nor-radius is greater than the major-radius. In this subtype the parametric range is restricted 
in order to define a manifold surface which is either the inner ‘lemon-shaped’ surface, or the 
outer ‘apple-shaped’ portion of the self-intersecting surface defined by the supertype. 

The data is to be interpreted as follows: 

and the surface is parametrised als 

C = position.location 
X = position.p[ l] 
Y = position.p[2] 
z = position.p[3] 
R - - majorradius 
r = minorzadius 

+,‘u) = C + (R + rcosv)((cosu)x + (sinu)y) + r(sinv)z 

where the parametrisation range is : 

If select-outer = .TRUE. : 
0 5 u 5 360 degrees. 
-4 < ‘u 2 4 degrees. - 

If select-outer = .FALSE. : 
0 2 u < 360 degrees. 

c$ < 'u < 360 - 4 degrees. - - 
Where 4 degrees is the angle given by T cos $ = -R. 

EXPRESS s-uecification: 

*> 
ENTITY degenerate-toroidal-surface 

SUBTYPE OF (toroidal-surface); 
select-outer : BOOLEAN; 

WHERE 
WRl: major-radius < minor-radius; 

END-ENTITY; 
(* 

Attribute definitions: 

select-outer: A BOOLE AN flag used to distinguish between the two portions of t he degener- 
ate-toroidal-surface. If select-outer is true, the outer portion of the surface i S selected and 
a closed ‘apple-shaped’ surface is defined. If select-outer is false, the inner portion is selected 
to define a closed ‘lemon-shaped’ axi-symmetric surface. 
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Formal propositions: 

WRl: The major radius shall be less than the minor radius. 

4.4.56 swept-surface 

A swept-surface is one that is constructed by sweeping a curve along another curve. 

EXPRESS specification : 

*> 
ENTITY swept-surface 

SUPERTYPE OF (ONEOF(surface of - - linear-extrusion, surface-of-revolution)) 
SUBTYPE OF (surface); 
swept-curve : curve; 

END-ENTITY; 
(* 

Attribute definitions: 

swept -curve: The curve to be swept in defining the surface. If the swept curve is a pcurve, it 
is the image of this curve in 3D geometric space which is swept, not the parameter space curve. 

4.4.57 surface-of-linear-extrusion 

This surface is a simple swept surface or a generalised cylinder obtained by sweeping a curve 
in a given direction. The parametrisation is as follows, where the curve has a parametrisation 

A( > u : 
V - - extrusion -axis 

+, v> = X(u) + vv 

The parametrisation range for v is -oo < v < oo and for u is defined by the curve parametrisa- 
tion. 

EXPRESS specification: 

*> 
ENTITY surface-of-linear-extrusion 

SUBTYPE OF (swept-surface); 
extrusion-axis : vector; 

END-ENTITY; 
(* 

Attribute definitions: 

extrusion-axis: The direction of extrusion, the magnitude of this vector determines the parametri- 
sation. 

SELF\swept-surface.swept-curve: The curve to be swept. 

Informal propositions: 
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IPl: The surface shall not self-intersect. 

4.4.58 surface-of-revolution 

A surface-of-revolution is the surface obtained by rotating a curve one complete revolution 
about a#n axis. 

The data shall be interpreted as below. 

The parametrisation is as follows, where the curve has a parametrisation X(v): 

C = position.location 
V = position.2 

O(U)V) = C+(X(V)- C)COSUt ((X(+--C)V)V(l-cosu)+V X (X(v)- C)sinu 

In order to produce a single-valued surface with a complete revolution, the curve shall be such 
that when expressed in a cylindrical coordinate system (T, 4, z) centred at C with axis V, no 
two distinct parametric points on the curve shall have the same values for (.r, z). 

NOTE - In this context a single valued surface is interpreted as one for which the mapping, from 
the interior of the rectangle in parameter space corresponding to its parametric range, to geometric 
space, defined by the surface equation, is one-to-one. 

For a surface of revolution the parametric range is 0 < u < 360 degrees. - - 

The parameter range for v is defined by the referenced curve. 

NOTE - The geometric shape of the surface is not dependent upon the curve parametrisation. 

EXPRESS specification: 

*> 
ENTITY surface-of-revolution 

SUBTYPE OF (swept-surface); 
axis-position : axisl-placement; 

DERIVE 
axis-line : line := line(axis-position.location, 

vector(axis-position.2, 1.0)); 
END-ENTITY; 
(* 

Attribute definitions: 

axis-position: A point on the axis of revolution and the direction of the axis of revolution. 

SELF\swept-surface.swept-curve: The curve that is revolved about the axis line. 

axis-line: The line coinciding with the axis of revolution. 

Informal propositions: 

IPl: The surface shall not self-intersect. 

IP2: The swept-curve shall not be coincident 
length. 

with the axis-line for any finite part of its 
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4.4.59 bounded-surface 

A bounded-surface is a surface of finite area with identifiable boundaries. 

EXPRESS specification: 

*> 
ENTITY bounded-surface 

SUPERTYPE OF (ONEOF(b - spline-surface, rectangular-trimmed-surface, 
curve-bounded-surface, rectangular-composite-surface)) 

SUBTYPE OF (surface); 
END-ENTITY; 
(* 

Informal propositions: 

IPl: A bounded-sur face has a finite non-zero surface area, 

IP2: A bounded-surface has boundary curves. 

4.4.60 b-splinesurface 

A b-spline-surface is a general form of rational or polynomial parametric surface which is 
represented by control points, basis functions, and possibly, weights. As with the corresponding 
curve entity it has some special subtypes where some of the data can be derived. 

NOTES 

1 - Identification of B-spline surface default values and subtypes is important for performance con- 
siderations and for efficiency issues in performing computations. 

2 - A B-spline is rational if and only if the weights are not all identical. If it is polynomial, the 
weights may be defaulted to all being 1. 

3 - In the case where the B-spline surface is uniform, quasi-uniform or piecewise Bezier, the knots 
and knot multiplicities may be defaulted (i.e., non-existent in the data as specified by the attribute 
definitions). When the knots are defaulted, a difference of 1.0 between separate knots is assumed, 
and the effective parameter range for the resulting surface starts from 0.0. These defaults are 
provided by the subtypes. 

4 - The knots and knot multiplicities shall not be defaulted in the non-uniform case. 

5 - The defaulting of weights and knots are done independently of one another. 

The data is to be interpreted as follows: 
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a> The symbology used here is: 

IS0 10303=42:1994(E) 

7 
II 1 - - upperindex-on-u-control-points 

7 I- 2 - - upperindex-on-v-control-points 
P ij = control-points 
Wij = weights 
dl - - u-degree 
d2 - - v-degree 

b) The control points are ordered as 

poo, POI, po2, l l l l l l ’ plo(lo-I), ~KlEi’2 

The weights, in the case of the rational subtype, are ordered similarly. 

4 For each parameter, s = u or v, if k is the upper index on the control points and d 
is the degree for S, the knot array is an array of (k + d + 2) real numbers [s-d, . . ..sk+r]. 
su.ch that for all indices j in [-d, k] , sj < = sj+l . This array is obtained from the appropriate 
knots-data list by repeating each multiple knot according to the multiplicity. 
N$ the ith normalised B-spline basis function of degree d, is defined on the subset 
[%-cl, l *a$ si+r] of this array. 

d) Let L denote the number of distinct values amongst the knots in the knot list; L will 
be referred to as the ‘upper index on knots’. Let mj denote the multiplicity (i.e., number of 
repetitions) of the jth distinct knot value. Then: 

L 

IE mi =d+k+2 
i=l 

All knot multiplicities except the first and the last shall be in the range 1 . . .d; the first and 
last may have a maximum value of d + 1. In evaluating the basis functions, a knot u of, e.g., 
multiplicity 3 is interpreted as a sequence u, u, u, in the knot array. 

e> The surface form is used to identify specific quadric surface types (which shall have 
degree two), ruled surfaces and surfaces of revolution. As with the b-splinexurve, the form 
number is informational only and the spline data takes precedence. 

f) The surface is to be interpreted as follows: In the polynomial case the surface is given 
by the equation: 

C(U, V) = ‘>;? x PijNf’(u 
i=O j=O 

In the rational case the surface equation is: 

r)Njd2(v 
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NOTE - Definitions of the B-spline basis functions, P&V:‘(u), Nt2(v), can be found in [E-l, E-2, 
E-31. It should be noted that there is a difference in terminology between these references. 

EXPRESS specification: 

*> 
ENTITY b-spline-surface 

SUPERTYPE OF (ONEOF(b_spline-surface-with-knots, uniform-surface, 
quasi-uniform-surface, bezier-surface) 

ANDOR rational-b-spline-surface) 
SUBTYPE OF (bounded-surface); 
u-degree : INTEGER; 
v-degree : INTEGER; 
control-points-list : LIST [2:?] OF 

LIST [2:?] OF Cartesian-point; 
surface-form : b-spline-surface-form; 
u-closed : LOGICAL; 
v-closed : LOGICAL; 
self -intersect : LOGICAL; 

DERIVE 
u-upper : INTEGER := SIZEOF(control-points-list) - 1; 
v-upper : INTEGER := SIZEOF( control-points-list[l]) - I; 
control-points : ARRAY [O:u-upper] OF ARRAY [O:v-upper] OF 

cartesianpoint 
:= make-array-of-array(control_points_list, 

O,u-upper,O,v_upper); 
WHERE 

ww ('GEOMETRY-SCHEMA.UNIFORM_SURFACEJ IN TYPEOF(SELF)) 0~ 
('GEOMETRY-SCHEMA.QUASIJJNIFORM_SURFACE' IN TYPEOF(SELF)) OR 
('GEOMETRY-SCHEMA.BEZIER_SURFACE' IN TY~EOF(SELF)) OR 
('GEOMETRY-SCHEMA.B-SPLINE-SURFACE-WITH-KNOTS IN TYPEOF(SELF)); 

END-ENTITY; 
o(c 

Attribute definitions: 

u-degree: Algebraic degree of basis functions in u. 

v-degree: Algebraic degree of basis functions in v. 

control-points-list: This is a list of lists of control points. 

surface-form: Indicator of special surface types. (See 4.3.5.) 

u-closed: Indication of whether the surface is closed in the u direction; this is for information 
only. 

vAosed: Indication of whether the surface is closed in the v direction; this is for information 
only. 

self-intersect: Flag to indicate whether, or not, surface is self-intersecting; this is for informa- 
tion only. 
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u-upper: Upper index on control points in u direction. 

v-upper: Upper index on control points in v direction. 

control-points: Array (two-dimensional) of control points defining surface geometry. This 
array is constructed from the control points list. 

Formal propositions: 

WRl: Any instantiation of this entity shall include one of the subtypes 
b-spline-surface-wit h-knots, uniform-surface, quasi-uniform-surface, or 
bezier-surface. 

4.4.61 b-splinesurface-with-knots 

This is a B-spline surface in which the knot values are explicitly given. This subtype shall be 
used to represent non-uniform B-spline surfaces, and may also be used for other knot types. 

All knot multiplicities except the first and the last shall be in the range 1.. .d; the first and last 
may halve a maximum value of d + 1. 

In evaluating the basis functions, a knot u of, e.g., multiplicity 3 is interpreted as a sequence 
u, u, u, in the knot array. 

EXPRESS specification: 

*> 
ENTITY b-spline-surface-with-knots 

SUBTYPE OF (b-spline-surface); 
u-multiplicities : LIST [2:?] OF INTEGER; 
v-multiplicities : LIST [2:?3 OF INTEGER; 
u-knots : LIST [2: ?I OF parameter-value; 
v-knots : LIST [2:?] OF parameter-value; 
knot-spec : knot-type; 

DERIVE 
knot-u-upper : INTEGER := SIZEOF(urknots); 
knot-v-upper : INTEGER := SIZEOF(v-knots); 

WHERE 
WRI: constraints_param_b_spline(SELF\b_spline-surface.u-degree, 

knot-u-upper, SELF\b-spline-surface.u_upper, 
u-multiplicities, u-knots); 

WR2: constraints_param_b_spline(SELF\b_spline-surface.v-degree, 
knot-v-upper, SELF\brspline-surface.v_upper, 

v-multiplicities, v-knots); 
WR3: SIZEOF(u-multiplicities) = knot-u-upper; 
WR4: SIZEOF(v-multiplicities) = knot-v-upper; 

END-ENTITY; 
(* 

Attribute definitions: 

u-multiplicities: The multiplicities of the knots in the u parameter direction. 
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v-multiplicities: The multiplicities of the knots in the v parameter direction. 

u-knots: The list of the distinct knots in the u parameter direction 

v-knots: The list of the distinct knots in the v parameter direction. 

knot-spec: The description of the knot type. 

knot-u-upper: The number of distinct knots in the u parameter direction. 

knot-v-upper: The number of distinct knots in the v parameter direction. 

SELF\b-spline-surface.u-degree: Algebraic degree of basis functions in u. 

SELF\b-spline-surface.v-degree: Algebraic degree of basis functions in v. 

SELF\b-spline-surface.control-points-list: This is a list of lists of control points. 

SELF\b-spline-surface.surface-form: Indicator of special surface types. (See 4.3.5.) 

SELF\b-spline-surface.uxlosed: Indication of whether the surface is closed in the u direc- 
tion; this is for information only. 

SELF\b-spline-surface.vxlosed: Indication of whether the surface is closed in the v direc- 
tion; this is for information only. 

SELF\b-spline-surface.selfintersect: Flag to indicate whether, or not, surface is self-intersecting; 
this is for information only. 

SELF\b-spline-surface.u-upper: Upper index on control points in u direction. 

SELF\b-spline-surface.v-upper: Upper index on control points in v direction. 

SELF\b-spline-surface.control-points: Array (two-dimensional) of control points defining 
surface geometry. This array is constructed from the control points list. 

Formal propositions: 

WRl: constraints.-param-bspline returns TRUE when the parameter constraints are veri- 
fied for the u-direction. 

WR2: constraints-param-bspline returns TRUE when the parameter constraints are veri- 
fied for the v-direction. 

WR3: The number of u-multiplicities shall be the same as the number of u-knots. 

WR4: The number of v-multiplicities shall be the same as the number of v-knots. 
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4.4.62 uniform-surface 

This is a special subtype of b-spline-surface in which the knots are evenly spaced. Suitable 
default values for the knots and knot multiplicities can be derived in this case. 

A B-spline is uniform if and only if all knots are of multiplicity 1 and they differ by a posi- 
tive constant from the preceding knot. In this subtype the knot spacing is 1.0, starting from 
-degree. 

EXPRESS specification: 

*> 
ENTITY uniform-surface 

SUBTYPE OF (b-spline-surface); 
END-ENTITY; 
(* 

NOTE - If explicit knot values for the surface are required, they can be derived as follows: 

ku-up := SELF\b-sp1inesurface.uupper +SELF\bsplinesurface.u-degree + 2; 
kvup := SELF\bsplinesurface.vupper + SELF\bsplinesurface.v-degree + 2; 

ku-up is the value required for the upper index on the knot and knot multiplicity lists in the u 
direction. This is computed from the degree and the number of control points in this direction. 
kv-up is the value required for the upper index on the knot and knot multiplicity lists in the v 
direction. This is computed from the degree and the number of control points in this direction. The 
knot multiplicities and knots in the u and v parameter directions are then given by the function 
calls: 
default-bsplineknot-mult (SELF\b pl s inesurface.u-degree, ku-up, uniform-knots) 
default_bspline_knots(SELF\b-splinesurface.u_degree,ku-up, uniform-knots) 
default-bspline.knot_mult(SELF\b pl s inesurface.v-degree, kv-up, uniform-knots) 
default_bspline_knots(SELF\b-splinesurface.v-degree,kv_up, uniform-knots) 

4.4.63 quasi-uniform-surface 

This is a special subtype of b-spline-surface in which the knots are evenly spaced, and ex- 
cept for the first and last, have multiplicity 1. Suitable default values for the knots and knot 
multiplicities are derived in this case. 

A B-spline is quasi-uniform if and only if the knots are of multiplicity (degreetl) at the ends, 
of multiplicity 1 elsewhere, and they differ by a positive constant from the preceding knot. In 
this subtype the knot spacing is 1.0, starting from 0.0. 

E,YPRESS sDecification: 

*> 
ENTITY quasi-uniform-surface 

SUBTYPE OF (b-spline-surface); 
END-ENTITY; 
(* 
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NOTE - If explicit knot values for the surface are required, they can be derived as follows: 

ku-up := SELF\b-sp1ine-surface.uupper - SELF\bsplinesurface.u.-degree + 2; 
kv-up := SELF\bsplinesurface.v-upper - SELF\bsplinesurface.v-degree + 2; 

ku-up is the value required for the upper index on the knot and knot multiplicity lists in the u 
direction. This is computed from the degree and the number of control points in this direction. 
kv-up is the value required for the upper index on the knot and knot multiplicity lists in the v 
direction. This is computed from the degree and the number of control points in this direction. The 
knot multiplicities and knots in the u and v parameter directions are then given by the function calls: 

default-bsplineknot_mult(SELF\b pl’ s 1nesurface.udegree, ku-up, quasi--uniform-knots) 
default-bspline_knots(SELF\b_splinesurface.u-degree,ku-up, quasi-uniform-knots) 
default-bsplineknot-mult( SELF\b pl’ s mesurface.v-degree, kv-up, quasi-uniform-knots) 
default-bspline-knots( SELF\b pl’ -s mesurface.v-degree,kv-up, quasi-uniform-knots) 

4.4.64 beziersurface 

This is a special type of surface which can be represented as a subtype of b-spline-surface in 
which the knots are evenly spaced and have high multiplicities. Suitable default values for the 
knots and knot multiplicities are derived in this case. In this subtype the knot spacing is 1.0, 
starting from 0.0. 

EXPRESS specification: 

*> 
ENTITY bezier-surface 

SUBTYPE OF (b-spline-surface); 
END-ENTITY; 
(* 

NOTE - If explicit knot values for the surface are required, they can be derived as follows: 

kuxp := 
SELF\b-spline-surface.u-upper 
SELF\&splinesurface.u-degree 

+ 1; 

kvxp := 
SELF\b-sp1ine.surface.v~upper 

SELF\b-spline-surface.v-degree 
+ 1; 

kuxp is the value required for the upper index on the knot and knot multiplicity lists in the u 
direction. This is computed from the degree and the number of control points in this direction. 
kv-up is the value required for the upper index on the knot and knot multiplicity lists in the v 
direction. This is computed from the degree and the number of control points in this direction. The 
knot multiplicities and knots in the u and v parameter directions are then given by the function 
calls: 
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default_bspline_knot_mult(SELF\bsplinesurface.u-degree, ku-up, bezier-knots) 
default_bspline_knots(SELF\b-splinesurface.u-degree,ku_up, bezier-knots) 
default_bspline_knot_mult(SELF\bsplinesurface.v-degree, kv-up, bezier-knots) 
default-bspline_knots(SELF\b-splinesurface.v-degree,kv-up, bezier-knots) 

4.4.65 rational-b-splinesurfaee 

A rational-b-spline-surface is a piecewise parametric rational surface described in terms of 
control points, associated weight values and basis functions. It is instantiated with any of the 
other subtypes of b-spline-surface, which provide explicit or implicit knot values from which 
the basis functions are defined. 

The surface is to be interpreted as follows: 

(I(u,v) = 

NOTE - See 4.4.60 for details of the symbology used in the above equation. 

EXPRESS specification : 

*> 
ENTITY rational-b-spline-surface 

SUBTYPE QF (b-spline-surface); 
weights-data : LIST [2:?3 OF 

LIST [2:?3 OF REAL; 

DERIVE 
weights : ARRAY [O:u-upper] OF 

ARRAY [O:v-upper] OF REAL 
:= make_array_of_array(weights_data,O,u-upper,O,v-upper); 

WHERE 
WRl: (SIZEOF(weights-data) = 

SIZEOF(SELF\b_spline_surface.control_points-list)) 
AND (SIZEOF(weights_data[l]) = 

SIZEOF(SELF\b_spline_surface.control_points-list[l])); 
WR2: surface-weights-positive(SELF); 

END-ENTITY; 
(* 

Attribute definitions: 

weights-data: The weights associated with the control points in the rational case. 

weights: Array (two-dimensional) of weight values constructed from the weights-data. 

Formal propositions: 

WRl: The array dimensions for the weights shall be consistent with the control points data. 

WR2: The weight value associated with each control point shall be greater than zero. 
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4.4.66 rectangular-trimmed-surface 

The trimmed surface is a simple bounded-surface in which the boundaries are the constant 
parametric lines ur = ul, u2 = u2, vr = vl and v2 = ~2, All these values shall be within 
the parametric range of the referenced surface. Cyclic properties of the parameter range are 
assumed. 

NOTES 

1 - For example, 370 degrees is equivalent to 10 degrees, for those surfaces whose parametric form 
is defined using circular functions (sine and cosine). The rectangular trimmed surface inherits its 
parametrisation directly from the basis surface and has parameter ranges from 0 to 1~2 - ~11 and 
0 to Iv:! - ~1 I. The derivation of the new parameters from the old uses the algorithm described in 
4.4.34. 

2 - If the surface is closed in a given parametric direction, the values of u2 or ~2 ma.y require to be 
increased by the cyclic range. 

EXPRESS sDecification: 

*> 
ENTITY rectangular-trimmed-surface 

SUBTYPE OF (bounded-surface); 
basis-surf ace : surf ace; 
Ill : parameter-value ; 
u2 : parameter-value ; 
VI : parameter-value ; 
v2 : parameter-value ; 
usense : BOOLEAN; 
vsense : BOOLEAN; 

WHERE 
WRI: ul <> u2; 
WR2: vi <> v2; 
wR3: ((‘GEOMETRY-SCHEMA.ELEMENTARY-SURFACE’ IN TYPEOF(basis-surface)) AND 

(NOT (IGEOMETRY-SCHEMA.PLANE’ IN TYPEOF(basis-surface)))) OR 
(‘GEOMETRY-SCHEMA.SURFACE-OF-REVOLUTIONS IN TYPEOF(basis-surface)) 0R 
(usense = (u2 > Ill)); 

wR4: ((‘GEOMETRY-SCHEMA.SPHERICAL_SURFA~EJ IN TYPEOF(basisrsurface)) 0R 
(‘GEOMETRY-SCHEMA.TOROIDAL_SURFACE’ IN TYPEOF(basis-surface))) 0R 
(vsense = (v2 > III)); 

END-ENTITY; 
(* 

Attribute definitions: 

basis-surface: Surface being trimmed. 

ul: First u parametric value. 

u2: Second u p arametric value. 

vl: First v parametric value. 
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v2: Second 2) parametric value. 

usense: Flag to indica#te whether the direction of the first parameter of the trimmed surface 
agrees with or opposes the sense of u in the basis surface. 

vsense: Flag to indicate whether the direction of the second parameter of the trimmed surface 
agrees with or opposes the sense of ‘u in the basis surface. 

Formal propositions: 

WRl: ul and u2 shall have different values. 

WR2: vl and v2 shall have different values. 

WR3: With the exception of those surfaces closed in the u parameter direction, usense shall 
be compatible with the ordered parameter values for u. 

WR4: With the exception of those surfaces closed in the v parameter direction, vsense shall 
be compatible with the ordered parameter values for V. 

Informal propositions: 

IPl: The domain of the trimmed surface shall be within the domain of the surface being 
trimmed. 

4.4.67 curve-bounded-surface 

The curve-bounded-surface is a parametric surface with curved boundaries defined by one or 
more boundary curves. One of these may be the outer boundary; any number of inner boundaries 
is permissible. The outer boundary may be defined implicitly as the natural boundary of the 
surfa#ce; this is indicated by the implicit-outer flag being true. In this case at least one inner 
boundary shall be defined. For certain types of closed surface (e.g. cylinder) it may not be 
possible to identify any given boundary as outer. The region of the curve-bounded-surface 
in the basis-surface is defined to be the portion of the basis surface in the direction of 1v x T 
from any point on the boundary, where N is the surface normal and T the boundary curve 
tangent vector at this point. The region so defined shall be arcwise connected. 

EXPRESS specification: 

*> 
ENTITY curve-bounded-surface 

SUBTYPE OF (bounded-surface); 
basis-surface : surface; 
boundaries : SET [I:?] OF boundary-curve; 
implicit-outer : BOOLEAN; 

WHERE 
WRl: NOT(implicit-outer AND 

('GEOMETRY-sCHEMA.OUTER-BOUNDARY-CURVE' IN TYPEOF(boundaries))); 
WR2: (NOT(implicit-outer)) OR 

('GEOMETRY-SCHEMA.BOUNDED_SURFACE' IN TYPEOF(basis-surface)); 
WR3: SIZEOF(QUERY(temp <* boundaries 1 

'GE0METRY~SCHEMA.0UTER_BOUNDARY_CURVEl IN 
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ndary-curve 

boundary-curve 

- basis-surface 

Figure 10 - Curve bounded surface 

TYPEOF(temp))) <= I; 
WR4: SIZEOF(QUERY(temp <* boundaries 1 

ctemp\composite-curve_on_surface.basis-surface [l] :<>: 
SELF.basis-surface))) = 0; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-surface: The surface to be bounded. 

boundaries: The bounding curves of the surface, other than the implicit outer boundary, 
if present. At most, one of these may be identified as an outer boundary by being of type 
outer-boundary-curve. 

implicit-outer: A logical flag which, if true, indicates the natural boundary of the surface is 
used as an outer boundary. 

NOTE - See figure 10 for interpretation of these attributes. 

Formal propositions: 

WRl: No explicit outer boundary shall be present when implicit-outer is TRUE. 
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WR2: The outer boundary shall only be implicitly defined if the basis-surface is bounded. 

WR3: At most, one outer boundary curve shall be included in the list of boundaries 

WR4: Each boundary-curve shall lie on the basis-surface. This is verified from the 
basis-surface attribute of the composite-curve-on-surface supertype for each element of 
th.e boundaries list. 

Informal propositions: 

IPl: Each curve in the set of boundaries shall be closed. 

IP2: No two curves in the set of boundaries shall intersect. 

IP3: At most one of the boundary curves may enclose any other boundary curve. If an 
outer-boundary-curve is designated, only that curve may enclose any other boundary curve. 

4.4.68 boundary-curve 

A boundary-curve is a type of bounded curve suitable for the definition of a surface boundary. 

EXPRESS specification: 

*> 
ENTITY boundary-curve 

SUBTYPE OF (composite-curve-on-surface); 
WHERE 

WRI: SELF\composite-curve.closed_curve; 
END-ENTITY; 
(* 

Formal propositions: 

WRl: The derived closed-curve attribute of the composite-curve supertype shall be TRUE. 

4.4.69 outer-boundary-curve 

This is a special sub-type of boundary curve which has the additional semantics of defining 
an outer boundary of a surface. No more than one such curve shall be included in the set of 
boundaries of a curve-bounded-surface. 

EXPRESS specification: 

*> 
ENTITY outer-boundary-curve 

SUBTYPE OF (boundary-curve); 
END-ENTITY; 
(* 
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4.4.70 rectangular-compositesurface 

This is a surface composed of a rectangular array of n-u by n-v segments or patches. Each 
segment shall be finite and topologically rectangular (i.e., it corresponds to a rectangle in pa- 
rameter space). The segment shall be either a b-spline-surface or a 
rectangulartrimmedsurface. There shall be at least positional continuity between adjacent 
segments in both directions; the composite surface may be open or closed in the u direction and 
open or closed in the v direction. 

For a particular segment S;j (= segments[i][j]): 

- The preceding segment in the u direction is S+r)j and the preceding segment in the ‘u 
direction is Sicjsl); similarly for following segments. 

- If segments[i]Ij] .u-sense is TRUE, the boundary of S;j where it adjoins St;+,jI is that 
where the u parameter (of the underlying bounded surface) is high. 
If segments[i] b] .u-sense is FALSE, it is at the low-u boundary; similarly for the v-sense 
indicator. 

- The u-parametrisation of Sij in the composite surface is from i - 1 to i, mapped lin- 
early from the parametrisation of the underlying bounded surface. If U is the u-parameter 
for the rectangular-composite-surface and uije < uij < uijr, is the u-parameter for - - 
segments[i] b], th ese parameters are related by the equations: 

U = (i - 1) + uij - uijo , 
Uijl - UijO 

Uij = Uijo + (u - (i - l))(Uijl - Uijo), 

if segments[i] [j] .usense = TRUE; 

u xi- 
uij - uijO 

7 
Uijl - uijO 

uij = Uij() 
- (u - i)(“ijl - UijO), 

if segments[i] Ij].usense = FALSE. 
The v-parametrisation is obtained in a similar way. 
Thus the composite surface has parametric range 0 to n-u, 0 to n-v. 

- The degree of continuity of the joint between Sij and Sci+i)j is given by 
segments[i] [j].u_transition. 

For the last patch in a row S(,ll)j this may take the value discontinuous, if the composite 
surface is open in this direction; otherwise it is closed here, and the transition code relates to 
the continuity to Srji similarly for v-transition. discontinuous shall not occur elsewhere 
in the segments surface-patch transition codes. 

EXPRESS SDecification: 

*> 
ENTITY rectangular-composite-surface 

SUBTYPE OF (bounded-surface); 
segments : LIST [I:?] OF LIST [I:?] OF surface-patch; 
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DERIVE 
n-u : INTEGER := SIZEOF(segments); 
n-v : INTEGER := SIZEOF(segments[l]); 

WHERE 
WRI: [] = QUERY (s <* segments 1 n-v <> SIZEOF (s)); 
WR2: constraints-rectangular_composite_surface(SELF); 

END-ENTITY; 
(* 

Attribute definitions: 

n-u: The number of surface patches in the u p arameter direction. 

n-v: The number of surface patches in the v parameter direction. 

segments: Rectangular array (represented by a list of list) of component surface patches. Each 
such patch contains information on the senses and transitions. 

segments [ i] [j] . u ransition refers to the state of continuity between segments[i][j] and seg- -t 
ments[i+l][j]. The last column (segments[nu]b]. A u ransition) may contain the value dis- 
continuous, meaning that (that row of) the surface is not closed in the u direction; the rest of 
the list may not contain this value. 

The last row (segments[i][ n-v] .vtransition) may contain the value discontinuous, meaning 
that (that column of) the surface is not closed in the v direction; the rest of the list may not 
contain this value. 

Formal propositions: 

WRl: Each sub-list in the segments list shall contain n-v surface-patches. 

WR2: Other constraints on the segments: 

- that the component surfaces are all either rectangular trimmed surfaces or B-spline 
surfaces; 

- that the transition-codes in the segments list do not contain the value 
discontinuous except for the last row or column; when this occurs, it indicates that the 
surface is not closed in the appropriate direction. 

Informal propositions: 

IP1: The senses of the component surfaces are as specified in the u-sense and v-sense at- 
tributes of each element of segments. 

4.4.71 surface-patch 

A surface patch is a bounded surface with additional transition and sense information which is 
used to define a rectangular-composite-surface. 
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EXPRESS specification : 

0 c IS0 

*> 
ENTITY surface-patch; 

parent-surf ace : bounded-surface; 
u-transition : transit ion-code ; 
v-transition : transit ion-code ; 
u-sense : BOOLEAN ; 
v-sense : BOOLEAN; 

INVERSE 
using-surf aces : BAG[l:?] OF rectangular-composite-surface FOR segments; 

WHERE 
wR1: (NOT (‘GEOMETRY SCHEMA.CURVE BOUNDED-SURFACE’ 

IN TYPEOF(parent-suiface))); 
END-ENTITY; 
(* 

Attribute definitions: 

parent-surface: The surface which defines the geometry and boundaries of the surface patch. 

u-transition: The minimum state of geometric continuity along the second u boundary of the 
patch as it joins the first u boundary of its neighbour. In the case of the last patch, this defines the 
state of continuity between the first u boundary and last u boundary of the composite-surface. 

v-transition: The minimum state of geometric continuity along the second v boundary of the 
patch as it joins the first v boundary of its neighbour. In the case of the last patch, this defines the 
state of continuity between the first v boundary and last v boundary of the composite-surface. 

u-sense: This defines the relationship between the sense (increasing parameter value) of the 
patch and the sense of the parent-surface. If u-sense is TRUE, the first u boundary of the 
patch is the one where the parameter u takes its lowest value, it is the highest value boundary 
if sense is FALSE. 

v-sense: This defines the relationship between the sense (increasing parameter value) of the 
patch and the sense of the parent-surface. If v-sense is ‘TRUE, the first v boundary of the 
patch is the one where the parameter v takes its lowest value, it is the highest value boundary 
if sense is FALSE. 

using-surfaces: The set of rectangular-composite-surfaces which use this surface-patch 
in their definition. This set shall not be empty. 

Formal propositions: 

WRk A curve bounded surface shall not be used to define a surface patch. 

4.4.72 offset-surface 

This is a procedural definition of a simple offset surface at a normal distance from the originating 
surface. distance may be positive, negative or zero to indicate the preferred side of the surface. 
The positive side and the resultant offset surface are defined as follows: 
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a> Define unit tangent vectors of the base surface in the u and ‘u directions; denote these 
by qL and CT,. 

b) Take the cross product, N = (T, x q,, of these (which shall be linearly independent, or 
there is no offset, surface). N shall be extended by continuity at singular points, if possible. 

4 Normalise N to get a unit normal (to the surface) vector. 

d) Move the offset d.istance (which may be zero) along that vector to find the point on 
the offset surface. 

NOTE - The definition allows the offset-surface to be self-intersecting. 

The offset surface takes its parametrisation directly from that of the basis surface, corresponding 
points having identical parameter values. The offsetsurface is parametrised as 

o(u, v) = S(u, v) + dN. 

Where N is the unit normal vector to the basis surfa#ce S(u,v) at parameter values (u,v), and 
d is distance. 

NOTE - Care should be taken when using this entity to ensure that the offset distance never exceeds 
the radius of curvature in any direction at any point of the basis surface. In particular, the surface 
should not contain any ridge or singular point. 

EXPRESS st3ecification: 

*> 
ENTITY offset-surface 

SUBTYPE OF (surface); 
basis-surface : surface; 
distance : length-measure; 
self-intersect : LOGICAL; 

END-ENTITY; 
(* 

Attribute definitions: 

basis-surface: The surface that is to be offset. 

distance: The offset distance, which may be positive, negative or zero. A positive offset, distance 
is measured in the direction of the surface normal. 

self-intersect: Flag to indicate whether or not the surface is self-intersecting; this is for infor- 
mation only. 

4.4.73 surface-replica 

This defines a replica of an existing surface in a different location. It is defined by referencing 
the parent surface and a transformation which gives the new position and possible scaling. The 
original surface is not affected. The geometric characteristics of the surface produced will be 
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identical to that of the parent surface, but, where the transformation includes scaling, the size 
may differ. 

EXPRESS specification: 

*> 
ENTITY surface-replica 

SUBTYPE OF (surface); 
parent-surf ace : surf ace; 
transformation : Cartesian-transf ormation-operator-3d; 

WHERE 
WRI: acyclic-surface-replica(SELF, parent-surface); 

END-ENTITY; 
(* 

Attribute definitions : 

parent-surface: The surface that is being copied. 

transformation: The Cartesian-transformation_operatorJd which defines the location, 
orientation and scaling of the surface replica relative to that of the parent surface. 

Formal propositions: 

WRl: A surface-replica shall not participate in its own definition. 

4.5 geometry-schema rule definitions 

4.5.1 compatible-dimension 

The rule compatible-dimension ensures that: 

all geometric-representation 
geometric-representation-context 

-items are geometrically founded in one or more 
coordinate spaces; 

b) , when geometric-representation-items are geometrically founded together in a co- 
ordinate space, they have the same coordinate space dimension-count by ensuring that, 
each matches the dimension-count of the coordinate space in which it is geometrically 
founded. 

NOTE - Two-dimensional geometricrepresentationitems that are geometrically founded in a 
geometricrepresentation-context are only geometrically founded in geometricrepresentation= 
contexts with a coordinate-space-dimension of 2. All geometric-representation-items founded 
in such a context are two-dimensional. All other values of dimension-count behave similarly. 

EXPRESS specification: 

*> 
RULE compatible-dimension FOR 

(Cartesian-point, 
direction, 
representation-context, 
geometric-representation-context); 

WHERE 
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-- ensure that the count of coordinates of each Cartesian-point 
-- matches the coordinate-space-dimension of each geometric-context in 
-- which it is geometrically-founded 
WRI: SIZEOF(QUERY(x <* Cartesian-point1 SIZEOF(QUERY 

(y <* geometric representation-context 1 item-in-context(x,y) AND 
(HIINDEX(x.coordinates) <> y.coordinate-space-dimension))) > 0 )) =O; 

-- ensure that the count of direction-ratios of each direction 
-- matches the coordinate-space-dimension of each geometric-context in 
-- which it is geometrically-founded 
WR2: SIZEOF(qUERY(x <* direction 1 SIZEOF( QUERY 

(y <* geometric-representation-context 1 item-in_context(x,y) AND 
(HIINDEX(x.direction_ratios) <> y.coordinate-space-dimension))) 
> 0 >> = 0; 

END-RULE; 
(* 

Formal propositions: 

WRl: There shall be no Cartesian-point that has a number of coordinates that differs from 
the coordinate-space-dimension of the geometric-representation-contexts in which it is 
geometrically founded. 

WR2: There shall be no direction that has a number of direction-ratios that differs from 
the coordinate-space-dimension of the geometric-representation-contexts in which it is 
geometrically founded. 

NOTE - A check of only cartesiarqoints and directions is sufficient for all geometricrepresentatiow- 
items because: 

a) All geometric-representationitems appear in trees of representationitems de- 
scending from the items attribute of entity representation. See WRl of entity represen- 
tationitem in IS0 1030343. 

b) Each geometricrepresentationitem gains its position and orientation information 
only by being, or referring to, a Cartesian-point or direction entity in such a tree. In many 
cases this reference is made via an axis-placement. 

c) No other use of any geometricrepresentationitem is allowed that would associate it 
with a coordinate space or otherwise assign a dimension_r=ount. 

4.6 geometryschema function definitions 

The EXPRESS language has a number of built-in functions. This section describes additional 
functions required for the definition and constraints on the geometry schema. 

4.6.1 dimension-of 

The function dimension-of returns the integer dimension-count of a geometric-representation-context 

in which the input geometric-representation-item is geometrically founded. 
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By virtue of the constraints in global rule compatible-dimension, this value is the coordi- 
nate-space-dimension of the input geometric-representation-item. See 4.5.1 for definition 
of this rule. 

EXPRESS specification: 

*I 
FUNCTION dimension-of(item : geometric-representation-item) : 

dimension count; 
LOCAL - 

x : SET OF representation; 
Y : representation-context; 

END-LOCAL; 

-- Find the set of representation in which the item is used. 

X := using-representations(item); 

-- Determines the dimension-count of the 
-- geometric-representation-context. Note that the 
-- RULE compatible-dimension ensures that the context-of-items 
-- is of type geometric-representation-context and has 
-- the same dimension-count for all values of x. 

Y := x[ll.context-of-items; 
RETURN (y\geometric_representation_context.coordinate-space-dimension); 

END-FUNCTION; 
(* 

Argument definitions : 

item: (input) a geometric-representation-item for which the dimension-count is deter- 
mined. 

4.6.2 acyclic-curve-replica 

The acyclic-curve-replica boolean function is a recursive function which determines whether, 
or not, a given curve-replica participates in its own definition. The function returns FALSE 
if the curve-replica refers to itself, directly or indirectly, in its own definition. 

EXPRESS specification: 

.FUNCTION acyclic-curve-replica(rep : curve-replica; parent : curve) 
: BOOLEAN; 

IF NOT (('GEOMETRY-SCHEMA.CURVE-REPLICA') IN TYPEOF(parent)) THEN 
RETURN (TRUE); 

END-IF; 
(* Return TRUE if the parent is not of type curve-replica *) 

IF (parent :=: rep) THEN 
RETURN (FALSE); 

(* Return FALSE if the parent is the same curve-replica, otherwise, 
call function again with the parents own parent-curve. *> 
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ELSE RETURN(acyclic_curve_replica(rep, parent\curve-replica.parent_curve)); 
END-IF; 

END-FUNCTION; 
(* 

Argument definitions : 

rep: (input) The curve-replica which is to be tested for a* cyclic reference. 

parent: (input) A curve used in the definition of the replica. 

4.6.3 acyclic-point-replica 

The acyclic-point-replica boolean function is a recursive function which determines whether, 
or not, a given point-replica participates in its own definition. The function returns FALSE if 
the point-replica refers to itself, directly or indirectly, in its own definition. 

EXPRESS S-Pecification: 

*> 
FUNCTION acyclic-point-replica(rep : point-replica; parent : point) 

: BOOLEAN; 
IF NOT (('GEOMETRY-SCHEMA.P~INT_REPLICAJ) IN TYPEOF(parent)) THEN 

RETURN (TRUE); 
END-IF; 

(* Return TRUE if th e parent is not of type point-replica *) 
IF (parent :=: rep) THEN 

RETURN (FALSE); 
(* Return FALSE if th e parent is the same point-replica, otherwise, 
call function again with the parents own parent-pt. *> 

ELSE RETURN(acyclic-point_replica(rep, parent\point-replica.parent_pt)); 
END IF; 

END_F;NCTION; 
(* 

Argument definitions: 

rep: (input) The point-replica which is to be tested for a cyclic reference. 

parent: (input) A point used in the definition of the replica. 

4.6.4 acyclicsurface-replica 

The acyclic-surface-replica boolean function is a recursive function which determines whether, 
or not, a given surface-replica participates in its own definition. The function returns FALSE 
if the surface-replica refers to itself, directly or indirectly, in its own definition. 

EXPRESS specification: 

*> 
FUNCTION acyclic-surface-replica(rep : surface-replica; parent : surface) 

: BOOLEAN; 
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IF NOT (('GEOMETRY-SCHEMA.SURFACE-REPLICA)) IN TYPEOF(parent)) THEN 
RETURN (TRUE); 

END-IF; 
(* Return TRUE if the parent is not of type surface-replica *> 

IF (parent :=: rep) THEN 
RETURN (FALSE); 

(* Return FALSE if th e parent is the same surface-replica, otherwise, 
call function again with the parents own parent-surface. *> 

ELSE RETURN(acyclicrsurface_replica(rep, 
parent\surfacerreplica.parent_surface)); 

END-IF; 
END-FUNCTION; 
(* 

Argument definitions : 

rep: (input) The surface-replica which is to be tested for a cyclic reference. 

parent: (input) A surface used in the definition of the replica. 

4.6.5 associated-surface 

This function determines the unique surface which is associated with the pcurve-or-surface 
type. It is required by the propositions which apply to surface curve and its subtypes. 

EXPRESS soecification: 

*> 
FUNCTION associated-surface(arg : pcurve-or-surface) : surface; 

LOCAL 
surf : surface; 

END-LOCAL; 

IF lGEOMETRYrSCHEMA.PCURVEy IN TYPEOF(arg) THEN 
surf := arg.basisrsurface; 

ELSE 
surf := arg; 

END-IF; 
RETURN(surf); 

END-FUNCTION; 
(* 

Argument definitions : 

arg: (input 
is required. 

) The pcurve or surface for which the determination of the associated parent surface 

surf: (output) The parent surface associated with arg. 
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4.6.6 base-axis 

This function returns three normalised orthogonal directions, u[l], u[2] and u[3]. In the three- 
dimensional case, with complete input data, u[3] is in the direction of axis3, u[l] is in the 
direction of the projection of axis1 onto the plane normal to u[3], and u[2] is orthogonal to both 
u[l] and u[3], taking the same sense as axis2. In the two-dimensional case u[l] is in the direction 
of axis1 and u[2] is perpendicular to this, taking its sense from axis2. For incomplete input data 
suitable default values are derived. 

EXPRESS specification: 

*> 
FUNCTION base-axis(dim : INTEGER; axisl, axis2, axis3 : direction) : 

LIST [2:3] OF direction; 
LOCAL 

vet : direction; 
U : LIST [2:3] OF direction; 
factor : REAL; 

END-LOCAL; 

IF (dim = 3) THEN 
UC31 := NVL(normalise(axis3), direction([O.O,O.O,l.O])); 
UC11 := first-proj-axis(uC31,axisl); 
UC23 := second_proj_axis(u[3],~[1],axis2); 

ELSE 
UC31 := ?; 
IF EXISTS(axis1) THEN 

UC11 := normalise(axis1); 
UC21 := orthogonal-complement(u[l]); 
IF EXISTS(axis2) THEN 

factor := dot_product(axis2,u[2]); 
IF (factor < 0.0) THEN 

u[2].direction_ratios[l] := -u[2].direction_ratios[l]; 
u[2].direction_ratios[2] := -u[2].direction_ratios[2]; 

END-IF; 
END-IF; 

ELSE 
IF EXISTS(axis2) THEN 

UC21 := normalise(axis2); 
UC11 := orthogonal_complement(u[2]); 
uM.direction-ratiosKI := -uW.direction-ratios[~]; 
u[1].direction_ratios[2] := - u[1].direction_ratios[2]; 

ELSE 
u[l].direction-ratios[l] := 1.0; 
u[1].direction_ratios[2] := 0.0; 
u[2].direction_ratios[l] := 0.0; 
u[2].direction_ratios[2] := 1.0; 

END-IF; 
END-IF; 

END-IF; 
RETURN(u); 

END-FUNCTION; 
(* 
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Argument definitions : 

dim: (input) The integer value of the dimensionality of the space in which the normalised 
orthogonal directions are required. 

axisl: (input) A direction used as a first approximation to the direction of output axis u[l]. 

axis& (input) A direction used to determine the sense of ~[a]. 

axis% (input) The direction of u[3] in the case dim=3, or NULL in the case dim=2 

u: (output) A list of dim (i.e., 2 or 3) mutually perpendicular directions. 

4.6.7 buildXaxes 

This function returns two normalised orthogonal directions. u[l] is in the direction of 
ref-direction and u[2] is perpendicular to u[l]. A default value of (1.0,O.O) is supplied for 
ref-direction if the input data is incomplete. 

EXPRESS specification: 

*I 
FUNCTION build_2axes(ref_direction : direction) : LIST [2:2] OF direction; 

LOCAL 
U : LIST[2:2] OF direction; 

END-LOCAL; 

UC11 := NVL(normalise(ref-direction), direction([l.O,O.O])); 
UC21 := orthogonal-complement(u[l]); 
RETURN(u); 

END-FUNCTION; 
(* 

Argument definitions : 

ref-direction: (input) A reference direction in 2 dimensional space, this may be defaulted to 
[l.O,O.O]. 

u: (output) A list of 2 mutually perpendicular directions, u[l] is parallel to ref-direction. 

4.6.8 build-axes 

This function returns three normalised orthogonal directions. u[3] is in the direction of axis, 
u[l] is in the direction of the projection of ref-direction onto the plane normal to u[3] and u[2] 
is the cross product of u[3] and u[l]. Default values are supplied if input data is incomplete. 

EXPRESS specification: 

*> 
FUNCTION build_axes(axis, ref-direction : direction) : 
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LIST [3:3] OF direction; 
LOCAL 

U : LIST[3:3] OF direction; 
END-LOCAL; 

UC31 := NVL(normalise(axis), direction([O.O,O.O,l.O])); 
UC11 := first_proj_axis(u[3],ref_direction); 
UC21 := normalise(cross_product(u[3],~[1])).orientation; 
RETURN(u); 

END-FUNCTION; 
(* 

Argument definitions: 

axis: (input) The intended direction of u[3], this may be defaulted to [O.O,O.O,l.O]. 

ref-direction: (input) A direction in a direction used to compute u[l]. 

u: (output) A list of 3 mutually orthogonal directions in 3D space. 

4.6.9 orthogonal-complement 

This function returns a direction which is the orthogonal complement of the input direction. 
The input direction must be a two-dimensional direction and the result is a vector of the same 
type and perpendicular to the input vector. 

EXPRESS specification: 

*> 
FUNCTION orthogonal-complement(vec : direction) : direction; 

LOCAL 
result : direction; 

END-LOCAL; 

IF (vec.dim <> 2) OR NOT EXISTS (vet) THEN 
RETURN(?); 

ELSE 
result.direction-ratios[l] := -vec.direction-ratios[2]; 
result.direction-ratios[2] := vec.direction-ratios[l]; 
RETURN(result); 

END-IF; 
END-FUNCTION; 
(* 

Argument definitions : 

vet: (input) A direction in 2D space. c 

result: (output) A direction orthogonal to vet. 
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4.6.10 first-proj-axis 

This function produces a 3-dimensional direction which is, with fully defined input, the projec- 
tion of arg onto the plane normal to the z-axis. With arg defaulted the result is the projection 
of [l,O,O] onto this plane; except that if z-axis = [l,O,O], [O,l,O] is the default for arg. A violation 
occurs if arg is in the same direction as the input z-axis. 

EXPRESS specification: 

*> 
FUNCTION first-proj-axis(z-axis, arg : direction) : direction; 

LOCAL 
x-axis : direction; 
V : direction; 
Z : direction; 
x-vet : vector; 

END-LOCAL; 

IF (NOT EXISTS(z-axis)) OR (NOT EXISTS(arg)) OR (arg.dim <> 3) THEN 
x-axis := ?; 

ELSE 
z-axis := normalise(z-axis); 
IF NOT EXISTS(arg) THEN 

IF (z-axis <> direction([l.O,O.O,O.O])) THEN 
V := direction([l.O,O.O,O.O]); 

ELSE 
V := direction([O.O,l.O,O.O]); 

END-IF; 
ELSE 

IF ((cross-product(arg,z).magnitude) = 0.0) THEN 
RETURN (?); 

ELSE 
V := normalise(arg); 

END-IF; 
END-IF; 
x-vet := scalar-times-vector(dot_product(v, z), z-axis); 
x-axis := vector-difference(v, x-vec).orientation; 
x-axis := normalise(x_axis); 

END-IF; 
RETURN(x-axis); 

END-FUNCTION; 
(* 

Argument definitions : 

z-axis: (input) A direction defining a local Z axis. 

arg: (input) A direction not parallel to z-axis, 

x-axis: (output) A direction which is in the direction of the projection of arg onto the plane 
with normal z-axis. 
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4.6.11 second-proj-axis 

This function returns the normalised vector that is simultaneously the projection of arg onto 
the plane normal to the vector z-axis and onto the plane normal to the vector xaxis. If arg 
is NULL, the projection of the vector (O,l,O) onto z-axis is returned. 

EXPRESS specification: 

*> 
FUNCTION second-proj-axis(z-axis, x-axis, arg: direction) : direction; 

LOCAL 
y-axis : vector; 
V : direction; 
temp : vector; 

END-LOCAL; 

IF NOT EXISTS(arg) THEN 
V := direction([O.O,l.O,O.O]); 

ELSE 
V := arg; 

END-IF; 

temp := scalar-times-vector(dot_product(v, z-axis), z-axis); 
y-axis := vector-difference(v, temp); 
temp := scalar-times-vector(dot_product(v, x-axis), x-axis); 
y-axis := vector-difference(y_axis, temp); 
y-axis := normalise(y-axis); 
RETURN(y_axis.orientation); 

END-FUNCTION; 
(* 

Argument definitions : 

z-axis: (input) A direction defining a local Z axis. 

x-axis: (input) A direction not parallel to z-axis. 

arg: (input) A direction which is used as the first approximation to the direction of y-axis. 

yaxis.orientation: (output) A direction determined by first projecting arg onto the plane 
with normal z-axis, then projecting the result onto the plane normal to x-axis. 

4.6.12 cross-product 

This function returns the vector, or cross, product of two input directions. The input directions 
must be three-dimensional and are normalised at the start of the computation. The result is 
always a vector which is unitless. If the input directions are either parallel or anti-parallel, a 
vector of zero magnitude is returned with orientation = argl. 

EXPRESS specification: 
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*> 
FUNCTION cross-product (argl, arg2 : direction) : vector; 

LOCAL 
ma45 : REAL; 
res : direction; 
vl,v2 : LIST[3:3] OF REAL; 
result : vector; 

END-LOCAL; 

IF ( NOT EXISTS (argl) OR (argl.dim = 2)) OR 
( NOT EXISTS ( arg2) OR (arg2.dim = 2)) THEN 

RETURN(?); 
ELSE 

BEGIN 
Vi := normalise(argl).direction_ratios; 
v2 := normalise(arg2).direction_ratios; 
res.direction-ratios[~] := (vl[2]*v2[3] - vl[3]*v2[2]); 
res.direction-ratios[2] := (vl[3]*v2[1] - vl[l]*v2[3]); 
res.direction-ratios[3] := (vl[l]*v2[2] - vl[2]*v2[1]); 
mag := 0.0; 
REPEAT i := I TO 3; 

mag := mag + res.direction-ratios[i]*res.direction-ratios[i]; 
END-REPEAT; 
IF (mag > 0.0) THEN 

result.orientation := res; 
result.magnitude := SQRT(mag); 

ELSE 
result..orientation := argl; 
result.magnitude := 0.0; 

END-IF; 
RETURN(result); 

END; 
END IF; 

END-FiNCTION; 
(* 

Argument definitions : 

argl: (input) A direction defining first vector in cross product operation. 

arg2: (input) A direction defining second operand for cross product. 

result: (output) A vector which is the cross product of argl and arg2. 

4.6.13 dot-product 

This function returns the scalar, or dot (), product of two directions. The input arguments 
can be directions in either two- or three-dimensional space and are normalised at the start 
of the computation. The returned scalar is undefined if the input directions have different 
dimensionality, or if either is undefined. 
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*> 
FUNCTION dotrproduct(arg1, arg2 : direction) : REAL; 

LOCAL 
scalar : REAL; 
vecl, vec2: direction; 
ndim : INTEGER; 

END-LOCAL; 

IF NOT EXISTS (argl) OR NOT EXISTS (arg2) THEN 
scalar := ?; 
(* When function is called with invalid data a NULL result is returned *) 

ELSE 
IF (argl.dim <> arg2.dim) THEN 

scalar := ?; 
(* When function is called with invalid data a NULL result is returned *) 
ELSE 

BEGIN 
vecl := normalise(arg1); 
vec2 := normalise(arg2); 
ndim := argl.dim; 
scalar := 0.0; 
REPEAT i := 1 TO ndim; 

scalar := scalar + 
vecl.direction_ratios[i]*vec2.direction_ratios[i]; 

END-REPEAT; 
END; 

END-IF; 
END-IF; 
RETURN (scalar); 

END-FUNCTION; 
(* 

Argument definitions: 

argl: (input) A direction defining first vector in dot product, or scalar product operation. 

argft: (input) A direction defining second operand for dot product. 

result: (output) A scalar which is the dot product of argl and arg2. 

4.6.14 normalise 

This function returns a vector or direction whose components 
squares of 1.0. The output is of the same type (direction or 
the input argument. If the input argument is not defined or is 
is undefined. 

EXPRESS specification: 

*> 

are normalised to have a sum of 
vector, with the same units) as 
of zero length, the output vector 
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FUNCTION normalise (arg : vector-or-direction) : vector-or-direction; 
LOCAL 

ndim : INTEGER; 
V : direction; 
result : vector-or-direction; 
vet : vector; 
mat5 : REAL; 

END-LOCAL; 

IF NOT EXISTS (arg) THEN 
result := ?; 
(* When function is called with invalid data a NULL result is returned *) 

ELSE 
ndim := arg.dim; 
IF 'GEOMETRYrSCHEMA.VECTORl IN TYPEOF(arg) THEN 

BEGIN 
vet := arg; 
V := arg.orientation; 

IF arg.magnitude = 0.0 THEN 
RETURN(?); 

ELSE 
vec.magnitude := 1.0; 

END-IF; 
END; 

ELSE 
V := arg; 

END-IF; 
ma!5 := 0.0; 
REPEAT i := 1 TO ndim; 

mag := mag + v.direction-ratios[i]*v.direction_ratios[il; 
END-REPEAT; 
IF mag > 0.0 THEN 

mag := SQRT(mag); 
REPEAT i := 1 TO ndim; 

v.direction-ratios[i] := v.direction-ratios[iI/mag; 
END-REPEAT; 
IF 'GEOMETRY-SCHEMA.VECTOR' IN TYPEOF(arg) THEN 

vec.orientation := v; 
result := vet; 

ELSE 
result := v; 

END-IF; 
ELSE 

RETURN(?); 
END-IF; 

END-IF; 
RETURN (result); 

END-FUNCTION; 
(* 

Argument definitions : 
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arg: (input) A vector or direction to be normalised. 

result: (output) A vector or direction which is parallel to argl and of unit length. 

4.6.15 scalar-times-vector 

This function returns the vector that is the scalar multiple of the input vector. It accepts as 
input a scalar and a ‘vector’ which may be either a direction or a vector. The output is a 
vector of the same units as the input vector, or unitless if a direction is input. If either input 
argument is undefined, 
reversed if the scalar is 

the returned vector is also undefined. The orientation of the vector is 
negative. 

EXPRESS specification: 

*I 
FUNCTION scalar-times-vector (scalar : REAL; vet : vector-or-direction) 

: vector; 
LOCAL 

V : direction; 
ma!5 : REAL; 
result : vector; 

END-LOCAL; 

IF NOT EXISTS (scalar) OR NOT EXISTS (vet) THEN 
result := ?; 

(* When function is called with invalid data a NULL result is returned *) 
ELSE 

IF 'GEOMETRY-SCHEMA.VECTOR' IN TYPEOF (vet) THEN 
V := vec.orientation; 
ma!3 := scalar * vec.magnitude; 

ELSE 
:= vet; 

mag := scalar; 
END-IF; 
IF (mag < 0.0 > THEN 

REPEAT i := 1 TO SIZEOF(v.direction-ratios); 
v.direction-ratios[i] := -v.direction-ratios[i]; 

END-REPEAT; 
mag := -mag; 

END-IF; 
result.orientation := normalise(v); 
result.magnitude := mag; 

END-IF; 
RETURN (result); 

END-FUNCTION; 
(* 

Argument definitions : 

scalar: (input) A real number to participate in the product. 

vet: (input) A vector or direction which is to be multiplied. 
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result: (output) A vector which is the product of scalar and vet. 

4.6.16 vector-sum 

This function returns the sum of the input arguments. The function returns as a vector the 
vector sum of the two input ‘vectors’. For this purpose directions are treated as unit vectors. 
The input arguments must both be of the same dimensionality but may be either directions 
or vectors. Where both arguments are vectors, they must be expressed in the same units. A 
zero sum vector produces a vector of zero magnitude in the direction of argl. If both input 
arguments are directions, the result is unitless. 

EXPRESS SDecification: 

*> 
FUNCTION vectorrsum(arg1, arg2 : vector-or-direction) : vector; 

LOCAL 
result : vector; 
res, vecl, vec2 : direction; 
mag 9 magl, mag2 : REAL; 
ndim : INTEGER; 

END-LOCAL; 

IF ((NOT EXISTS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim) 
THEN 

result := ?; 
(* When function is called with invalid data a NULL result is returned *) 
ELSE 

BEGIN 
IF 'GEOMETRYrSCHEMA.VECTOR' IN TYPEOF(arg1) THEN 

Lmagl := argl.magnitude; 
vecl := argl.orientation; 

ELSE 
magi := 1.0; 
vecl := argl; 

END-IF; 
IF 'GEOMETRYrSCHEMA.VECTOR1 IN TYPEOF(arg2) THEN 

mag2 := arg2.magnitude; 
vec2 := arg2.orientation; 

ELSE 
mag2 := 1.0; 
vec2 := arg2; 

END-IF; 
vecl := normalise (vecl); 
vec2 := normalise (vec2); 
ndim := SIZEOF(vecl.direction_ratios); 
mag := 0.0; 
REPEAT i := 1 TO ndim; 

res.directionrratios[i] := magl*vecl.direction-ratios[i] + 
mag2*vec2.direction-ratios[i]; 

mag := mag + (res.direction_ratios[i]*res.direction_ratios[i]); 
END-REPEAT; 
IF (mag > 0.0 > THEN 
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result.magnitude := SQRT(mag); 
result.orientation := res; 

ELSE 
result.magnitude := 0.0; 
result.orientation := vecl; 

END-IF; 
END; 

END-IF; 
RETURN (result); 

END-FUNCTION; 
(* 

Argument definitions : 

argl: (input) A direction defining first vector in vector sum operation. 

arg2: (input) A direction defining second operand for vector sum. 

result: (output) A vector which is the vector sum of argl and arg2. 

4.6.17 vector-difference 

This function returns the difference of the input arguments as (argl - arg2). T he function 
returns as a vector the vector difference of the two input ‘vectors’. For this purpose direct ions 
are treated as unit vectors. The input arguments shall both be of the same dimensionality but 
may be either directions or vectors. If both input arguments are vectors, they must be expressed 
in the same units; if both are directions, a unitless result is produced. A zero difference vector 
produces a vector of zero magnitude in the direction of argl. 

EXPRESS specification: 

*> 
FUNCTION vectorrdifference(arg1, arg2 : vector-or-direction) : vector; 

LOCAL 
result : vector; 
res, vecl, vec2 : direction; 
mag 9 magi, mag2 : REAL; 
ndim : INTEGER; 

END-LOCAL; 

IF ((NOT EXISTS (argl)) OR (NOT EXISTS (arg2))) OR (argl.dim <> arg2.dim) 
THEN 

result := ?; 
(* When function is called with invalid data a NULL result is returned *) 
ELSE 

BEGIN 
IF lGEOMETRYrSCHEMA.VECTOR' IN TYPEOF(arg1) THEN 

magl := argl.magnitude; 
vecl := argl.orientation; 

ELSE 
magi := 1.0; 
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vecl := argl; 
END-IF; 
IF 'GEOMETRY-SCHEMA.VECTOR' IN TYPEOF(arg2) THEN 

mag2 := arg2.magnitude; 
vec2 := arg2.orientation; 

ELSE 
mag2 := 1.0; 
vec2 := arg2; 

END-IF; 
vecl := normalise (vecl); 
vec2 := normalise (vec2); 
ndim := SIZEOF(vecl.direction_ratios); 
mag := 0.0; 
REPEAT i := 1 TO ndim; 

res.direction-ratios[i] := magl*vecl.direction_ratios[i] - 
mag2*vec2.direction_ratiosCil; 

mag := mag + (res.direction_ratios[il*res.direction_ratios[i]); 
END-REPEAT; 
IF (mag > 0.0 > THEN 

result.magnitude := SQRT(mag); 
result.orientation := res; 

ELSE 
result.magnitude := 0.0; 
result.orientation := vecl; 

END-IF; 
END; 

END-IF; 
RETURN (result); 

END-FUNCTION; 
(* 

Argument definitions : 

argl: (input) A direction defining first vector in vector difference operation. 

arg2: (input) A direction defining second operand for vector difference. 

result: (output) A vector which is the vector difference of argl and arg2. 

4.6.18 default-b-splinelcnot-.mult 

This function returns the INTEGER array of knot multiplicities, depending on the type of knot 
vector, for the B-spline parametrisation. 

EXPRESS specification: 

*> 
FUNCTION default-b-spline-knot_muPt(degree, up-knots : INTEGER; 

uniform : knot-type) 
: LIST [2:?3 OF INTEGER; 

LOCAL 
knot mult : - LIST [l:up-knots] OF INTEGER; 
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END-LOCAL; 

REPEAT i := 1 TO up-knots; 
knot-mult[i] := 0; 

END-REPEAT; 

IF uniform = uniform-knots THEN 
REPEAT i := 1 TO up-knots; 

knot-mult[i] := I; 
END-REPEAT; 

END-IF; 

IF uniform = quasi-uniform-knots THEN 
knot-mult[l] := degree + I; 
knot_mult[up-knots] := degree + I; 

REPEAT i := 2 TO (up-knots - I); 
knot-mult[i] := I; 

END-REPEAT; 
END-IF; 

IF uniform = piecewise-bezier-knots THEN 
knot-mult[l] := degree +I; 
knot-mult[up-knots] := degree + I; 

REPEAT i := 2 TO (up-knots - I); 
knot-mult[i] := degree; 

END-REPEAT; 
END-IF; 
RETURN(knot-mult); 

END-FUNCTION; 
(* 

Argument definitions: 

degree: (input) An integer defining the degree of the B-spline basis functions. 

up-knots: (input) An integer which gives the number of knot multiplicities required. 

uniform: (input) The type of basis function for which knot multiplicities are required. 

knot-mult: (output) A list of integer knot multiplicities. 

4.6.19 default-b-spline_knots 

This function returns the knot vector, depending on the knot-type, for a B-spline parametri- 
sation. 

EXPRESS specification: 

*> 
FUNCTION default-b-spline-knots(degree,up_knots : INTEGER; 
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uniform : knot-type) 
: LIST [2: ?I OF parameter-value; 

LOCAL 
knots : LIST [l:up-knots] OF parameter-value; 
ishift : INTEGER := I; 

END-LOCAL; 

REPEAT i := 1 TO up-knots; 
knots[i] := 0; 

END-REPEAT; 
IF (uniform = uniform-knots) THEN 

ishift := degree + I; 
END-if; 
IF (uniform = uniform-knots) OR 

(uniform = quasi-uniform-knots) OR 
(uniform = piecewise-bezier-knots) THEN 

REPEAT i := 1 TO up-knots; 
knots[i] := i - ishift; 

END-REPEAT; 
END-IF; 
RETURN(knots); 

END-FUNCTION; 
(* 

Argument definitions : 

degree: (input) An integer defining the degree of the B-spIine basis functions. 

up-knots: (input) An integer which gives the number of knot values required. 

uniform: (input) The type of basis function for which knots are required. 

knots: (output) A list of parameter values for the knots. 

4.6.20 default-b-spline-curve-weights 

This function returns up-cp weights equal to 1.0 in an ARRAY OF REAL. 

EXPRESS S-Pecification: 

*> 
FUNCTION default-b-spline-curve_weights(up_cp : INTEGER) 

: ARRAY [O:up-cp] OF REAL; 
LOCAL 

weights : ARRAY [O:up-cp] OF REAL; 
END-LOCAL; 

REPEAT i := 0 TO up-cp; 
weights[i] := I; 

END-REPEAT; 
RETURN(weights); 
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END-FUNCTION; 
(* 

Argument definitions : 

upxp: (input) An integer defining the upper index on the array of the B-spline curve weights 
required. 

weights: (output) A real array of weight values. 

NOTE - This function is not used in this part of IS0 10303 but is defined here for use by applica- 
tions. 

4.6.21 default-b-splinesurface-weights 

This function returns weights equal to 1.0 in an ARRAY OF ARRAY OF REAL. 

EXPRESS specification : 

*> 
FUNCTION default-b-spline-surface_weights(u_upper, v-upper: INTEGER) 

: ARRAY [O:u-upper] OF 
ARRAY [O:v-upper] OF REAL; 

LOCAL 
weights : ARRAY [O:u-upper] OF ARRAY [O:v-upper] OF REAL; 

END-LOCAL; 

REPEAT i := 0 TO u-upper; 
REPEAT j := 0 TO v-upper; 

weights[i][j] := I; 
END-REPEAT; 

END-REPEAT; 
RETURN(weights); 

END-FUNCTION; 
(* 

Argument definitions: 

u-upper: (input) An integer defining the upper index on the array of the B-spline surface 
weights required in the u direction. 

v-upper: (input) An integer giving the upper index of the number of weights required for the 
surface in the v parameter direction. 

weights: (output) A real array of array of weight values. 

NOTE - This function is not used in this part of IS0 10303 but is defined here for use by applica- 
tions. 
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4.6.22 constraints-param-b-spline 

This function checks the parametrisation of a B-spline curve or (one of the directions of) a 
B-spline surface and returns TRUE if no inconsistencies are found. 

These constraints are: 

a> Degree > 1. - 

b) Upper index on knots > 2. - 

4 

4 

1 Upper index on control points > degree. - 

Sum of knot multiplicities = degree + (upper index on control points) + 2. 

e> For the first and last knot the multiplicity is bounded by 1 and (degreetl). 

f) For all other knots the knot multiplicity is bounded by 1 and degree. 

d The consecutive knots are increasing in value. 

EXPRESS specification: 

*> 
FUNCTION constraints-param-b-spline(degree, up-knots, up-cp : INTEGER; 

knot-mult : LIST OF INTEGER; 
knots : LIST OF parameter-value) : BOOLEAN; 

LOCAL 
result : BOOLEAN := TRUE; 
k,l,sum : INTEGER; 

END-LOCAL; 

(* Find sum of knot multiplicities. *> 
SURI := knot-mult[l]; 

REPEAT i := 2 TO up-knots; 
SUlll := sum + knot-mult[i]; 

END-REPEAT; 

(* Check limits holding for all B-spline parametrisations *) 
IF (degree < I> OR (up-knots < 2) OR (up-cp < degree) OR 

(sum 0 (degree + up-cp + 2)) THEN 
result := FALSE; 
RETURN(result); 

END-IF; 

k := knot-mult[l]; 

IF (k < I) OR (k > degree + I) THEN 
result := FALSE; 
RETURN(result); 

END-IF; 
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REPEAT i := 2 TO up-knots; 
IF (knot-mult[i] < I) OR (knots[i] <= knots[i-I]) THEN 

result := FALSE; 
RETURN(result); 

END-IF; 

k := knot-mult[i]; 

IF (i < up-knots) AND (k > degree) THEN 
result := FALSE; 
RETURN(result); 

END-IF; 

IF (i = up-knots) AND (k > degree + I> THEN 
result := FALSE; 
RETURN(result); 

END-IF; 
END-REPEAT; 
RETURN(result); 

END-FUNCTION; 
(* 

Argument definitions: 

degree: (input) An integer defining the degree of the B-spline basis functions. 

up-knots: (input) An integer giving the upper index of the list of knot multiplicities. 

up-cp: (input) An integer which is the upper index of the control points for the curve or surface 
being checked for consistency of its parameter values. 

knot -mult: (input) The list of knot multiplicities. 

4.6.23 curve-weights-positive 

‘This function checks the weights associated with the control points of a 
rational-b-splinexurve and returns TRUE if they are all positive. 

EXPRESS specification: 

*> 
FUNCTION curve-weights-positive(b: rational-b-spline-curve) : BOOLEAN; 

LOCAL 
result : BOOLEAN := TRUE; 

END-LOCAL; 

REPEAT i := 0 TO b.upper-index-on-control-points; 
IF b.weights[il <= 0.0 THEN 

result := FALSE; 
RETURN(result); 

END-IF; 
END-REPEAT; 
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RETURN(result); 
END-FUNCTION; 

(* 

Argument definitions : 

b: (input) A rational B-spline curve for which the weight values are to be tested. 

4.6.24 constraints-composite-curve-on-surface 

This function checks that the curves referenced by the segments of the composite-curve-on-- 
surface are all curves on surface, including the composite-curve-on-surface type, which is 
admissible as a bounded-curve. 

EXPRESS specification: 

*> 
FUNCTION constraints-composite-curve-on-surface 

(c: composite-curve-on-surface) : BOOLEAN; 
LOCAL 

n-segments : INTEGER := SIZEOF(c.segments); 
END-LOCAL; 

REPEAT k := I TO n-segments; 
IF (NOTOGEOMETRY SCHEMA.PCURVE' IN 

TYPEOF(c\composite_curve.segments[k].parent_curve))) AND 
,(N~T('GEOMETRY-SCHEMA.SURFACE_CURVE) IN 

TYPEOF(c\composite_curve.segments[k].parent-curve))) AND 
(N~T('GE~METRY_SCHEMA.COMPOSITE_CUR~E-ON-SURFACE~ IN 

TYPEOF(c\composite_curve.segments[k].parent-curve))) THEN 
RETURN (FALSE); 

END-IF; 
END-REPEAT; 
RETURN(TRUE); 

END_FUMCTION; 
(* 

Argument definitions : 

c: (input) A composite curve on surface to be verified. 

4.6.25 get-basis-surface 

This function returns the basis surface for a curve as a a SET of surfaces. For a curve which 
is not a curve-on-surface an empty SET is returned. 

EXPRESS specification: 

*> 
FUNCTION get-basis-surface (c : curve-on-surface) : SET[O:2] OF surface; 

LOCAL 
surfs : SET[O:2] OF surface; 
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n : INTEGER; 
END-LOCAL; 
surfs := [I; 
IF 'GEOMETRYrSCHEMA.PCURVE' IN TYPEOF (c) THEN 

surfs := [c\pcurve.basis-surface]; 
ELSE 

IF 'GEOMETRY-SCHEMA.SURFACE-CURVE' IN TYPEOF (c) THEN 
n := SIZEOF(c\surface,curve.associated_geometry); 
REPEAT i := 1 TO n; 
surfs := surfs + 

associated_surface(c\surface_curve.associated-geometry[i]); 
END-REPEAT; 

END-IF; 
END-IF; 
IF 'GEOMETRY,SCHEMA.COMPOSITE,CURVE,OM,SURFACE' IN TYPEOF (c) THEN 

(* For a composite-curve-on-surface the basis-surface is the intersection 
of the basis-surfaces of all the segments. *> 
n := SIZEOF(c\composite,curve_on_surface.segments); 
surfs := get_basis,surface(c\composite_curve-on-s~ace.se~ents[l].p~ent-curve); 
IF n > I THEN 

REPEAT i := 2 TO n; 
surfs := surfs * get,basis_surface(c\composite,curve-on-surface.se~ents[i].~en~-curve); 

END-REPEAT; 
END-IF; 

END-IF; 
RETURN(surfs); 

END-FUNCTION; 
(* 

Argument definitions: 

c: (input) A curve for which the basis-surface is to be determined. 

surf: (output) The set containing the basis-surface or surfaces on which c lies. 

4.6.26 surface-weights-positive 

This function checks the weights associated with the control points of a 
rational-b-splinesurface and returns TRUE if they are all positive. 

EXPRESS specification: 
, 

*> 
FUNCTION surface-weights-positive(b: rationalrbrsplinersurface) : BOOLEAN; 

LOCAL 
result : BOOLEAN := TRUE; 

END-LOCAL; 

REPEAT i := 0 TO b.u,upper; 
REPEAT j := 0 TO b.v,upper; 

IF (b.weights[i][j] <= 0.0) THEN 
result := FALSE; 
RETURN(result); 
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END-IF; 
END-REPEAT; 

END-REPEAT; 
RETURN(result); 

END-FUNCTION; 
(* 

Argument definitions : 

b: (input) A rational B-spline surface for which the weight values are to be tested. 

4.6.27 constraints-rectangularxompositesurface 

This functions checks the following constraints on the attributes of a rectangular composite 
surface: 

- that the component surfaces are all either rectangular trimmed surfaces or B-spline 
surfaces; 

- that the transition attributes of the segments array do not contain the value 
discontinuous except for the last row or column, where they indicate that the surface is 
not closed in the appropriate direction. 

EXPRESS specification: 

*> 
FUNCTION constraints-rectangular-composite-surface 

(s : rectangular-composite-surface) : BOOLEAN; 

(* Check the surface types *) 
REPEAT i := 1 TO s.n-u; 

REPEAT j := 1 TO s.n-v; 
IF NOT (('GE• METRY-SCHEMA.B_SPLINE_SURFACE' IN TYPEOF 

(s.segments[i] [j].parent-surface)) OR 
('GEOMETRY-SCHEMA.RECTANGULAR-TRIMMED-SURFACE' IN TYPEOF 

(s.segments[i][j].parent-surface))) THEN 
RETURN(FALSE); 

END-IF; 
END-REPEAT; 

END-REPEAT; 

(* Check the transition codes, omitting the last row or column *) 
REPEAT i := 1 TO s.n-u-l; 

REPEAT j := 1 TO s.n-v; 
IF s.segments[il [j].u-transition = discontinuous THEN 

RETURN(FALSE); 
END-IF; 

END-REPEAT; 
END-REPEAT; 

REPEAT i := I TO s.n-u; 
REPEAT j := 1 TO s.n-v-l; 
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IF s.segments[i] [j] .v-transition = discontinuous THEN 
RETURN(FALSE); 

END-IF; 
END-REPEAT; 

END-REPEAT; 
RETURN(TRUE); 

END-FUNCTION; 
(* 

Argument definitions: 

s: (input) A rectangular composite surface to be verified. 

4.6.28 list-to-array 

The function list-to-array converts a generic list to an array with pre-determined array bounds. 
If the array bounds are incompatible with the number of elements in the original list, a null 
result is returned. This function is used to construct the arrays of control points and weights 
used in the b-spline entities. 

EXPRESS specification: 

*> 
FUNCTION list-to-array(lis : LIST CO:?] OF GENERIC : T; 

low,u : INTEGER) : ARRAY[low:u] OF GENERIC : T; 
LOCAL 

n : INTEGER; 
res : ARRAY [low:u] OF GENERIC : T; 

END-LOCAL; 

n := SIZEOF(1i.s); 
IF (n <> (u-low +I)) THEN 

RETURN(?); 
ELSE 

REPEAT i := 1 TO n; 
res[low+i-I] := lis[i]; 

END-REPEAT; 
RETURN(res); 

END IF; 
END-FUNCTION; 
(* 

Argument definitions : 

lis: (input) A list to be converted. 

low: (input) An integer specifying the required lower index of the output array. 

u: (input) An integer value for the upper index. 

res: (output) The array generated from the input data. 

119 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303=42:1994(E) 0 c IS0 

4.6.29 make-array-of-array 

The function make-array-of-array builds an array of arrays from a list of lists. The function 
first checks that the specified array dimensions are compatible with the sizes of the lists, and 
in particular, verifies that all the sub-lists contain the same number of elements. A null result 
is returned if the input data is incompatible with the dimensions. This function is used to 
construct the arrays of control points and weights for a B-spline surface. 

EXPRESS specification: 

*> 
FUNCTION make-array-of-array(lis : LIST[l:?] OF LIST cl:?] OF GENERIC : T; 

lowi, ul, 10~2, u2 : INTEGER): 
ARRAY[lowl:ul] OF ARRAY [low2:u2] OF GENERIC : T; 

LOCAL 
nl,n2 : INTEGER; 
res : ARRAY[lowl:ul] OF ARRAY [low2:u2] OF GENERIC : T; 
resl : LIST[l:?] OF ARRAY [low2:u2] OF GENERIC : T; 

END-LOCAL; 

(* Check input dimensions for consistency *) 
nl := SIZEOF(1i.s); 
n2 := SIZEOF(lis[l]); 

IF (nl 0 (ul -low1 + I)) AND (n2 0 (u2 - Pow2 + 1)) THEN 
RETURN(?); 

END-IF; 

REPEAT i := 1 TO nl; 
IF (SIZEOF(lis[i] > <> n2) THEN 

RETURN(?); 
END-IF; 

END-REPEAT; 

(* Build a list of sub-arrays *) 
REPEAT i := I TO nl; 

RESL[i] := list-to-array(lis[i],low2,~2); 
END-REPEAT; 

res := list-to-array(resl,lowl,ul); 
RETURN(res); 

END-FUNCTION; 
(* 

Argument definitions : 

lis: (input) A list of list to be converted. 

10~1: (input) An integer specifying the required lower index of the first output array. 

ul: (input) An integer value for the upper index of the first output array. 
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10~2: (input) An integer specifying the required lower index of the second output array. 

u2: (input) An integer value for the upper index of the second output array. 

res: (output) The array of array with specified dimensions generated from the input data after 
verifying consistency. 

EXPRESS SDecification: 

*> 
END-SCHEMA; -- end GEOMETRY schema 
(* 
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5 Topology 

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

EXPRESS SDecification: 

*> 
SCHEMA topology-schema; 

REFERENCE FROM geometry-schema; 
REFERENCE FROM representation-schema(representation_item); 

(* 

NOTES 

1 - The schemas referenced above can be found in the following Parts of IS0 10303: 

geometryschema Clause 4 of this part of IS0 10303 
representationschema IS0 10303-43 

2 - See annex D, figures D.13-D.15, for a graphical presentation of this schema. 

5.1 Introduction 

The top ology resource model has its basis in boundary represent ation solid modelling but can 
be used in any other applicati .on where an explicit method is requ ired t 0 represent connectivity. 

5.2 Fundamental concepts and assumptions 

The topological entities, vertex, edge etc., specified here have been defined independently of 
any use that may be made of them. Minimal constraints have been placed on each entity with 
the intention that any additional constraints will be specified by the using entity or by a defined 
context in which the entity is used. The intent is to avoid limiting the context or the use made 
of the entities. 

The topological entities have been defined in a hierarchical manner with the vertex being the 
primitive entity. That is, all other topological entities are defined either directly or indirectly in 
terms of vertices. 

Each entity has its own set of constraints. A higher-level entity may impose constraints on a 
lower-level entity. At the higher level, the constraints on the lower-level entity are the sum of 
the constraints imposed by each entity in the chain between the higher- and lower-level entities. 
The basic topological structures in order of increasing complexity are vertex, edge, path, 
loop, face and shell. In addition to the high-level structured topological entities open-shell 
and closed-shell, which are specialised subtypes of connected-face-set, the topology section 
includes the connected-edge-set and the general connected-face-set. These two entities are 
designed for the communication of collections of topological data where the constraints applied 
to shell are inappropriate. 
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The poly-loop is a loop with straight and coplanar edges and is defined as an ordered list of 
points. The poly-loop entity is used for the communication of faceted B-rep models. 

Many functions ensure consistency of the topology models by applying topological and geometric 
constraints to entities. 

5.2.1 Geometric associations 

Many of the topological entities have a speci .alised subty pe which enables 
with geomet ric data. This association will be ess ential when communic 

them 
ating 

to be associated 
boundary repre- 

sentation solid models. The specialised subtypes of vertex, edge and face are vertex-point, 
edge-curve, and face-surface respectively. For the edge-curve and face-surface the rela- 
tionship between the geometric sense and the topological sense of the associated entities is also 
recorded. The key concept relating geometry to topology is the domain. The domain of a point, 
curve, or surface is just that point, curve, or surface. The domain of a vertex, edge, or face 
is the corresponding point, curve or surface. The domain of a loop or path is the union of the 
domains of all the vertices and edges in the loop or path. (Except in the case of a vertex loop, 
this is a curve.) The domain of a shell is the union of the domains of all the vertices, edges, 
and faces in the shell. (For a closed-shell or open-shell, this is a surface.) The domain of a 
solid model is the region of space it occupies. The domain of a set or list is the union of the 
domains of the elements of that set or list. Wherever in this standard a geometrical concept 
such as connectedness or finiteness is discussed in relation to an entity, it is understood that the 
concept applies to the domain of that entity. 

A key concept in describing domains is the idea of a manifold. Intuitively, a domain is a d- 
manifold if it is locally indistinguishable from d-dimensional Euclidean space. This means that 
the dimensionality is the same at each mathematical point, and self- intersections are prohibited. 
As defined in this standard, curves and surfaces may contain self-intersections, and hence need 
not be manifolds. However, the part of a curve or surface that corresponds to the domain of a 
topological entity such as an edge or face shall be a manifold. 

,4s used in this standalrd, the terms “manifold”, “boundary” , and “ manifold with boundary” 
are identical to the usual mathematical definitions. A manifold with boundary differs from a 
manifold in that the boundary is allowed, but not required, to be non-empty. 

A l-manifold is a non-self-intersecting curve which does not include either of its end points. 
Examples of l-manifolds are the real line and the unit circle. A “Y”-shaped figure is not a l- 
manifold, and neither is the closed unit interval. A 2-manifold is a non-self-intersecting surface 
which does not include boundary curves. Examples of 2-manifolds include the unit sphere and 
the open disk {(x, y, 0) : x2 + y2 < l}. The closed disk {(x, y, 0) : x2 + 1~~ 5 1} is not a manifold. 
The domains of edges and paths, if present, are l-manifolds. The domains of faces and closed 
shells, if present, are Z&manifolds. 

Any curve which does not self-intersect is a l-manifold with boundary. The closed disk {(x, y, 0) : 
x2 + y2 < 1) is a 2-manifold with boundary. - The domain of an open shell, if present, is a 2- 
manifold with boundary. The domain of a manifold solid boundary representation or a faceted 
manifold boundary representation is a 3-manifold with boundary. 

The boundary of a d-manifold with boundary is a (d - l)- manifold. For example, the boundary 
of a curve is the set of 0, 1, or 2 end points contained in that curve. The boundary of the closed 

123 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303=42:1994(E) 0 c IS0 

disk {(x, y,O) : 2 2 x + y 5 l} is the unit circle. The boundary of the domain of an open shell is 
the domain of the set of loops that bound holes in the shell. The boundary of a manifold solid 
boundary representation or a faceted manifold boundary representation is the domain of the set 
of bounding shells. 

Curves and surfaces which are manifolds with boundary are classified as either open or closed. 
The terms “open” and “closed”, when applied to curves or surfaces in this standard, should not 
be confused with the notions of “open set” or “closed set” from point set topology. The term 
“closed surface” is identical to the usual definition of a closed, connected, orientable 2-manifold. 
Examples of a closed surface are a sphere and a torus. The domain of a closed shell, if present, 
is a closed surface. Examples of open surfaces are an infinite plane, or a surface with one or 
more holes. The domain of an open shell, if present, is an open surface. 

All closed surfaces that are physically manufacturable are orientable. Face domains, because 
they are always embeddable in the plane, are orientable. Open surfaces need not be orientable. 
For example, the Mobius strip is an open surface. Also, some manifolds are neither open nor 
closed as defined in this standard. The Klein bottle is an example. It is finite and its boundary 
is empty, but the surface is not orientable, and hence does not divide space into two regions. 
However, the domain of an open shell as defined in this standard must be orientable. 

The term “genus” refers to an integer-valued function used to classify topological properties of 
an entity. This standard defines two different types of genus. 

For an entity which can be described as a graph of edges and vertices, for example a loop, path, 
or wire shell, genus is equivalent to the standard technical term “cycle rank” in graph theory. 
It is not equivalent to the standard usage of the term “genus” in graph theory. Intuitively, it 
measures the number of independent cycles in a graph. For example, a graph with exactly one 
vertex, joined to itself by n self-loops, has genus n. 

The genus of a closed surface X is the number of h .andles that m 
produce a surface homeomorphic to x. For example, the genus of a 
a torus is 1. This is identical to the standard technical term “genus of a surface” from algebraic 
topology. Adding a handle to a closed surface is the operation that corresponds to drilling a 
tunnel through the three-dimensional volume bounded by that surface. This can be viewed as 
cutting out two disks and connecting their boundaries with a cylindrical tube. Handles should 
not be confused with holes. As used in this standard, the term “hole” corresponds to the intuitive 
notion of ,punching a hole in a two-dimensional surface. 

ust be added to a s 
sphere is 0, and the 

#phere 
genus 

to 
of 

The surface genus definition is extended to orientable open surfaces as follows. Fill in every hole 
in the domain with a disk. The resulting surface is a closed surface, for which genus is already 
defined. Use this number for the genus of the open surface. 

5.2.2 Associations with parameter space geometry 

A fundamental assumption in this clause is that the topology being defined is that of model space. 
The geometry of curves and points can also be defined in parameter space but, in general, the 
topological structure of, for example a face, will not be the same in the parametric space of the 
underlying surface as it is in model space. 

124 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


0 c IS0 IS0 10303=42:1994(E) 

Parametric space modelling systems differ from real space systems in the methodology used 
to associate geometry to topology. Parametric space modelling systems typically associate a 
different parametric space curve with each edge use (i.e., oriented-edge). Every one of the 
parametric space curves associated with a given edge (by way of an edge use) describe the same 
point set in real space. The parametric space curves are defined in different parametric spaces. 
The parametric spaces are the surfaces which underlay the faces bordering on the edge. In a 
manifold solid the geometry of every edge is define twice, once for each of the two faces which 
border on that edge. 

Associating a parametric space curve with each edge use extends naturally to the use of degener- 
ate edges (i.e., edges with zero length in real space). For example, a parametric space modelling 
system wants to represent a face that is triangular in real space as a square in parametric space. 
A straight forward way to do this is to represent one of the triangular face’s vertices as a de- 
generate edge (but having two vertices); then there is a one-to-one mapping between edges in 
real space and model space. The degenerate edge has zero length in real space, but greater than 
zero length in parametric space. Degenerate edges also may be used for creating bounds around 
singularities such as the apex of a cone. 

Real space modelling systems do not associate parametric space curves with each edge use 
nor do they allow degenerate edges. Since the parametric space modelling systems treatment of 
topology is an implementation convenience, this standard requires the use of real space topology. 
The parametric space modelling system’s unique information requirements are satisfied using 
techniques at the geometric level. 

5.2.2.1 Edge-curve associations with parametric space curves. 

Techniques that can be used to associate parametric space curves with an edge-curve are: 

a> The edge-geometry attribute of an edge-curve may reference directly one pcurve, 
then only one pcurve is associated with that edge-curve. 

b) The edge-geometry attribute of an edge-curve can reference a surface-curve, 
or a subtype of surface-curve; then associated with that edge-curve are the pcurves 
(one or two) referenced by the associated-geometry attribute of the surface-curve. The 
curve referenced by the curveSd attribute of the surface-curve is also associated with the 
edge-curve but that curve cannot be a parametric space curve and represents the model 
space geometry of the edge. 

4 The edge-geometry attribute of an edge-curve can reference a curve (not a pcurve), 
then associated with the edge-curve are the pcurves (zero or more) referenced by the asso- 
ciated-geometry attribute of every surface-curve whose curveAd attribute references 
the same curve (i.e., is instance equal to, :=:) as the edge-geometry attribute of the 
edge-curve. 

These techniques are formally defined in EXPRESS as the function edge-curve-pcurves which 
can be used to determine all the parametric space curves associated with a particular edge. 
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NOTES 

1 - For applications where the real space modelling systems are not required to understand para- 
metric space curves, the parametric space modelling systems should be required t*o use only the 
third technique described above. Then, even if the pcurves are ignored, the real space modelling 
system will have the correct geometry associated with all edge-curves. 

2 - Given the pcurves of an edge-curve, determining which oriented-edge a pcurve shall be asso- 
ciated with is a matter of matching (:=:) the basis-surface of the pcurve with the face-geometry 
of the face bound by that oriented-edge. If two or more pcurves are associated with the same 
edge-curve and are defined in the parametric space of the same surface, determining which ori- 
ented-edge the pcurve is associated with requires checking connectivity of the pcurves in para- 
metric space. 

5.2.3 Graphs, cycles, and traversals 

A connected component of a graph is a connected subset of the graph which is not contained in 
any larger connected subset. We denote by A4 the mult@licity of a graph, that is, the number 
of connected components. Thus, a graph is connected if and only if h4 = 1. 

Each component of a graph can be completely traversed, starting and ending at the same 
vertex, such that every edge is traversed exactly twice, once in each direction, and every vertex 
is “passed through” the same number of times as there are edges using the vertex. If an (edge 
+ edge traversal direction) is considered as a unit, each unique (edge + direction) combination 
shall occur once and only once in the traversal of a graph. During the traversal of a graph it 
will be found that there are one or more sets of alternating vertices and (edge + direction) units 
that form closed cycles. 

The symbol G will denote the graph genus, which is, intuitively, the number of independent 
cycles in the graph. (Technically, G is the rank of the fundamental group of the graph.) 

Every graph satisfies the following Euler equation 

(V - C) - (M - G) = 0 (1) 

where Y and & are the numbers of unique vertices and edges in the graph. 

NOTE - The following graph traversal algorithm, [E-4], may be used to traverse a graph and 
compute M and G. 

a) Set M and G to zero. 

b) Start at any (unvisited) vertex. If there is no unvisited vertex, STOP. Mark the vertex 
as visited. Increment M. Traverse any edge at the vertex, marking the edge with the travel 
direction. 

c) After traversing an edge PQ to reach the vertex Q, do the following: 
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- When reaching a vertex for the first time, mark the edge just travelled as the advent 
edge of the vertex. The advent edge is marked so that it can only be selected once in this 
direction. 

- Mark the vertex as visited. 

- If this is the first traversal of the edge and- the vertex Q has previously been visited, 
increment G. 

- Select an exit edge from the vertex according to the foll 

(1) No edge may be selected that has previously been 
from the vertex Q. 

owing rules: 

traversed in the direction away 

(2) Select any edge, except the advent edge of Q, that meets rule 

(3) If no edge meets rule (~2) select the advent edge. 

- Traverse the selected exit edge and mark it with the travel direction 

If no edge was selected in the previous step, go to step b, else go to step c. 

5.3 topology-schema type definitions 

5.3.1 shell 

This type collects together, for reference when constructing more complex models, the subtypes 
which have the characteristics of a shell. A shell is a connected object of fixed dimensionality 
d = 0, 1, or 2, typically used to bound a region. The domain of a shell, if present, includes its 
bounds and 0 < Z - < 00. A shell of dimensionality 0 is represented by a graph consisting of a 
single vertex. The vertex shall not have any associated edges. 

A shell of dimensionality 1 is represented by a connected graph of dimensionality 1. 

A shell of dimensionality 2 is a topological entity constructed by joining faces along edges. Its 
domain, if present, is a connected, orientable 2-manifold with boundary, that is, a connected, 
oriented, finite, non-self-intersecting surface, which may be closed or open. 

EXPRESS snecification: 

*I 
TYPE shell = SELECT 

(vertex-shell, 
wire-shell, 
open-shell, 
closed-shell); 

END-TYPE; 
(* 
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5.3.2 reversible-topology-item 

This select type specifies all the topological representation items which can participate in the 
operation of reversing their orientation. This type is used by the function conditional-reverse. 

EXPRESS specification: 

$1 
TYPE reversible-topology-item = SELECT 

(edge, 
path 9 
face, 
face-bound, 
closed-shell, 
open-shell); 

END-TYPE; 
(* 

5.3.3 list-of-reversible-topology-item 

This special type defines a list of reversible topology items; it is used by the function 
list -of-topology-reversed. 

EXPRESS specification: 

*> 
TYPE list-of-reversible-topology-item = 

END-TYPE.; 
(* 

LIST CO:?] of reversible-topology-item; 

5.3.4 set-of-reversible-topology-item 

This special type defines a set of reversible topology items; it is used by the function 
set -of3+opology_reversed. 

EXPRESS specification: 

*> 
TYPE set-of-reversible-topology-item = 

SET [O:?] of reversible-topology-item; 
END-TYPE; 
(* 

5.3.5 reversible-topology 

This select type identifies all types of reversible topology items; it is used by the function 
topology-reversed. 

EXPRESS specification: 
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*I 
TYPE reversible-topology = SELECT 

(reversible-topology-item, 
list-of-reversible-topology-item, 
setrofrreversiblertopology_item); 

END-TYPE; 
(* 

5.4 topology-schema entity definitions 

This clause contains all the entity definitions used in the topology schema. 

5.4.1 topologicalrepresentation~item 

A topological-representation-item represents the topology, or connectivity, of entities which 
make up the representation of an object. The topological-representation-item is the super- 
type for all the representation items in the topology schema. 

EXPRESS s-necification: 

*> 
ENTITY topological-representation-item 

SUPERTYPE OF (ONEOF(vertex, edge, face-bound, face, vertex-shell, 
wire-shell, connected-edge-set, connected-face-set, 

(loop ANDOR path))) 
SUBTYPE OF (representation-item); 

END-ENTITY; 
(* 

Informal nronositions: 

IPl: For each topological-representation-item, consider the set of vertex-points, 
edge-curves, and face-surfaces that are referenced, either directly or recursively, from that 
topological-representation-item. (Do not include in this set oriented edges or faces, but 
do include the non-oriented edges and faces on which they are based.) Then no two distinct 
elements in this set shall have domains that intersect. 

5.4.2 vertex 

A vertex is the topological construct corresponding to a point. It has dimensionality 0 and 
extent 0. The domain of a vertex, if present, is a point in m dimensional real space R”; this is 
represented by the vertex-point subtype. 

EXPRESS specification: 

*I 
ENTITY vertex 

SUBTYPE OF (topological-representation-item); 
END-ENTITY; 
(* 
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Informal propositions: 

IPl: The vertex has dimensionality 0. This is a fundamental property of the vertex. 

IP2: The extent of a vertex is defined to be zero. 

5.4.3 vertex-point 

A vertex point is a vertex which has its geometry defined as a point. 

EXPRESS snecification: 

*> 
ENTITY vertex-point 
SUBTYPE OF(vertex,geometric-representation-item); 

vertex-geometry : point; 
END-ENTITY; 
(* 

Attribute definitions: 

vertex-geometry: The geometric point which defines the position in geometric space of the 
vertex. 

Informal propositions: 

IPl: The domain of the vertex is formally defined to be the domain of its vertex-geometry. 

5.4.4 edge 

An edge is the topological construct corresponding to the connection between two vertices. 
More abstractly, it may stand for a logical relationship between the two vertices. The domain 
of an edge, if present, is a finite, non-self-intersecting open curve in R”, that is, a connected 
l-dimensional manifold. The bounds of an edge are two vertices, which need not be distinct” 
The edge is oriented by choosing its traversal direction to run from the first to the second vertex. 
If the two vertices are the same, the edge is a self-loop. The domain of the edge does not include 
its bounds, and 0 < E < 00. Associated with an edge may be a geometric curve to locate the 
edge in a coordinate space; this is represented by the edge curve subtype. The curve shall 
be finite and non-self-intersecting within the domain of the edge. An edge is a graph, so its 
multiplicity iU and graph genus Ge may be determined by the graph traversal algorithm. Since 
M = & = 1, the Euler equation (1) reduces in this case to 

V - (2 - G”) = 0 (2) 

where V = 1 or 2, and Ge = 1 or 0. 

Specifically, the topological edge defining data shall satisfy: 

- An edge has two vertices, 
PM = 2 
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- The vertices need not be distinct, 

12 p(V) 

- Equation 2 shall hold 
lJw~l- 2 + G e- - 0 

IS0 10303=42:1994(E) 

edge-geometry 

--/ 

---,/ 

edge end - 

i edge start - 

Figure 11 - Edge curve 

EXPRESS specification: 

*> 
ENTITY edge 

SUPERTYPE QF(ONEOF(edge-curve, oriented-edge)) 
SUBTYPE OF (topological-representation-item); 
edge-start : vertex; 
edge-end : vertex; 

END-ENTITY; 
(* 

Attribute definitions: 

edge-start: Start point (vertex) of the edge. 

edge-end: End point (vertex) of the edge. The same vertex can be used for both edge-start 
and edge-end. 

Informal propositions: 

IPl: The edge has dimensionality 1. 

IP2: The extent of an edge shall be finite and nonzero. 
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5.4.5 edge-curve 

An edge-curve is a special subtype of edge which has its geometry fully defined. The geometry 
is defined by associating the edge with a curve which may be unbounded. As the topological and 
geometric directions may be opposed, an indicator (same-sense) is used to identify whether the 
edge and curve directions agree or are opposed. The logical value indicates whether the curve 
direction agrees with (TRUE) or is in the opposite direction (FALSE) to the edge direction. 
Any geometry associated with the vertices of the edge shall be consistent with the edge geometry. 
Multiple edges can reference the same curve. 

EXPRESS specification: 

*> 
ENTITY edge-curve 

SUBTYPE OF(edge,geometric-representation-item); 
edge-geometry : curve; 
same-sense : BOOLEAN; 

END-ENTITY; 
(* 

Attribute definitions: 

edge-geometry: The curve which defines the shape and spatial location of the edge. This 
curve may be unbounded and is implicitly trimmed by the vertices of the edge; this defines the 
edge domain. 

same-sense: This logical flag indicates whether (TRUE), or not (FALSE) the senses of the 
edge and the curve defining the edge geometry are the same. The sense of an edge is from the 
edge start vertex to the edge end vertex; the sense of a curve is in the direction of increasing 
parameter. 

NOTE - See figure 11 for illustration of attributes. 

Informal propositions: 

IPl: The domain-of the edge-curve is formally defined to be the domain of its edge-geometry 
as trimmed by the vertices. This domain does not include the vertices. 

IP2: An edge-curve has non-zero finite extent. 

IP3: An edge-curve is a manifold. 

IP4: An edge-curve is arcwise connected. 

IP5: The edge start is not part of the edge domain. 

IP6: The edge end is not part of the edge domain. 

IP7: Vertex geometry shall be consistent with edge geometry. 
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5.4.6 oriented-edge 

An oriented-edge is an edge constructed from another edge and contains a Boolean ori- 
entation flag to indicate whether or not the orientation of the constructed edge agrees with 
the orientation of the original edge. Except for possible re-orientation, the oriented-edge is 
equivalent to the original edge. 

NOTE - A common practice in solid modelling 
“use” or “traversal” of an edge. This “use” entity 

systems is to have 
explicitly represents 

an entity that represents the 
the requirement in a manifold 

solid that each edge must be traversed exactly twice, once in each direction. The “use” functionality 
is provided by the edge subtype oriented-edge. 

EXPRESS specification: 

*> 
ENTITY oriented-edge 

SUBTYPE OF (edge); 
edge-element : edge; 
orientation : BOOLEAN; 

DERIVE 
SELF\edge.edge-start : vertex := boolean-choose (SELF.orientation, 

SELF.edge-element.edge_start 
SELF.edge-element.edge_end); 

SELF\edge.edge-end : vertex := boolean-choose (SELF.orientation, 
SELF.edge-element.edge_end, 
SELF.edge-element.edge_start 

WHERE 
WRI: NOT ('TOPOLOGY-SCHEMA.ORIENTED-EDGE' IN TYPEOF (SELF.edge_element)); 

END-ENTITY; 
(* 

Attribute definitions: 

edge-element: edge entity used to construct this oriented-edge. 

orientation: BOOLEAN. If TRUE, the topological orientation as used coincides with the ori- 
entation, from start vertex to end vertex, of the edge-element. 

edge-start: The start vertex of the oriented edge. This is derived from the vertices of the 
edge-element after t aking account of the orientation 

edge-end: The end vertex of the oriented edge. This is derived from the vertices of the 
edge-element after taking account of the orientation 

Formal propositions: 

WRl: The edge-element shall not be an oriented-edge. 

5.43 path 

A path is a topological entity consisting of an ordered collection of oriented-edges, such 
that the edge-start vertex of each edge coincides with the edge-end of its predecessor. The 
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path is ordered from the edge-start of its first oriented-edge to the edge-end of its last 
oriented-edge. The Boolean value orientation in the oriented edge indicates whether the 
edge direction agrees with the direction of the path (TRUE) or is in the opposite direction 
(FALSE). 

An individual edge can only be referenced once by an individual path. 

An edge can be referenced by multiple paths. An edge can exist independently of a path. 

EXPRESS specification: 

*> 
ENTITY path 

SUPERTYPE OF (ONEOF(open-path, edge-loop, oriented-path)) 
SUBTYPE OF (topological-representation-item); 
edge-list : LIST [I:?] OF UNIQUE oriented-edge; 

WHERE 
WRI: path-head-to-tail(SELF); 

END-ENTITY; 
(* 

Attribute definitions: 

edge-list: List of oriented-edge entities which are concatenated together to form this path. 

Formal propositions: 

WRl: The end vertex of each oriented-edge shall be the same as the start vertex of its 
successor. 

Informal propositions: 

IPl: A path has dimensionality 1. 

IP2: A path is arcwise connected. 

IP3: The edges of the path do not intersect except at common vertices. 

IP4: A path has a finite, non-zero extent. 

IP5: No path shall include two oriented edges with the same edge element and the same 
orientation. 

5.4.8 oriented-path 

An oriented-path is a path constructed from another path and contains a Boolean orientation 
flag to indicate whether or not the orientation of the constructed path agrees with the orientation 
of the original path. Except for perhaps orientation, the oriented-path is equivalent to the 
other path. 

EXPRESS specification: 

*I 
ENTITY oriented-path 

SUBTYPE OF (path); 
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path-element : path; 
orientation : BOOLEAN; 

DERIVE 
SELF\path.edge_list : LIST [I:?] OF UNIQUE oriented-edge 

:= conditional-reverse(SELF.orientation, 
SELF.path-element.edgeJist); 

WHERE 
WRl: NOT ('TOPOLOGY-SCHEMA.ORIENTED-PATH' IN TYPEOF (SELF.path-element)); 

END-ENTITY; 
(* 

Attribute definitions: 

path-element: path entity used to construct this oriented-path. 

orientation: BOOLEAN. If TRUE, the topological orientation as used coincides with the ori- 
entation of the pat h-element. 

edge-list: The list of oriented-edges which form the oriented-path. This list is derived from 
the path-element after taking account of the orientation attribute. 

Formal propositions: 

WRl: The path-element shall not be an oriented-path. 

5.4.9 open-path 

An open-path is a special subtype of path such that a traversal of the path visits each of its 
vertices exactly once. In particular, the start vertex and end vertex are different. An open-path 
is a graph for which 44 = 1 and G” = 0, so the Euler equation (1) reduces in this case to 

(V-&)-1=0 (3) 

where V and & are the number of unique vertices and edges in the path. Specifically, the 
topological attributes of a path shall meet the following constraints 

-. The edges in the Path are uniaue. I 

V], two vertices appear once only and every other vertex appears 

- The graph genus of the path is zero. 

- Equation (3) is interpreted as 

Iu~wlwH - IWE)I - 1 = 0 

EXPRESS specification: 
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*I 
ENTITY open-path 

SUBTYPE OF (path); 
DERIVE 

ne : INTEGER := SIZEOF(SELF\path.edge_list); 
WHERE 

WRI: (SELF\path.edge-list[l].edge_element.edge-start) :<>: 
(SELF\path.edge-list[nel.edge_element.edge-end); 

END-ENTITY; 
(* 

Attribute definitions: 

ne: The number of elements in the edge list of the path supertype. 

Formal propositions: 

WRl: The start vertex of the first edge shall not coincide with the end vertex of the last edge. 

Informal propositions: 

IPl: An open-path visits its vertexs exactly once. This implies that if a list of vertices is 
constructed from the edge data the first and last vertex will occur once in this list and all other 
vertices will occur twice. 

5.4.10 loop 

A loop is a topological entity constructed from a single vertex, or by stringing together con- 
nected (oriented) edges, or linear segments beginning and ending at the same vertex. A loop 
has dimensionality 0 or 1. The domain of a O-dimensional loop is. a single point. The domain of 
a l-dimensional loop is a connected, oriented curve, but need not bse a manifold, As the loop is 
a cycle, the location of its beginning/ending point is: arbitrary. The domain of the loop includes 
its bounds, and 0 < E < 00. - 

A loop is represented by a single vertex, or by an ordered collection of oriented-edges, or by 
an ordered collection of points. 

A loop is a graph, so M and the graph genus G’ may be determined 
algorithm. Since M = 1, the Euler equation (1) reduces in this case to 

by the graph traversal 

(V - El) - (1 - G”) = 0 (4) 

where V and &I are the number of unique vertices and oriented edges in the loop and Gz is the 
genus of the loop. 

EXPRESS sDecification: 

*> 
ENTITY loop 

SUPERTYPE OF (ONEOF(vertexJoop, edge-loop, poly-loop)) 
SUBTYPE OF (topological-representation-item); 
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END-ENTITY; 
(* 

Informal propositions: 

IPl: A loop has a finite, or, in the case of the vertexloop, zero extent. 

IP2: A loop describes a closed (topological) curve with coincident start and end vertices. 

5.4.11 vertex-loop 

A vertexloop is a loop of zero genus consisting of a single vertex. A vertex can exist 
independently of a vertexloop. The topological data shall satisfy the following constraint: 

- Equation (4) ( see 5.4.10) shall be satisfied 

Ivxv)I - l = 0 

EXPRESS specification: 

*> 
ENTITY vertex-loop 

SUBTYPE OF (loop); 
loop-vertex : vertex; 

END-ENTITY; 
(* 

Attribute definitions: 

loop-vertex: The vertex which defines the entire loop. 

Informal propositions: 

IPl: A vertexloop has zero extent and dimensionality. 

IP2: The vertex-loop has genus 0. 

5.4.12 edge-loop 

An edge-loop is a loop with nonzero extent. It is a path in which the start and end vertices 
are the same. Its domain, if present, is a closed curve. An edge-loop may overlap itself. 

EXPRESS specification: 

*> 
ENTITY edge-loop 

SUBTYPE OF (loop,path); 
DERIVE 

ne : INTEGER := SIZEOF(SELF\path.edge_list); 
WHERE 

WRI: (SELF\path.edge-list[ll .edge-start) :=: 
(SELF\path.edge-list[nel.edge_end); 
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END-ENTITY; 
(* 

Attribute definitions: 

ne: The number of elements in the edge list of the path supertype. 

Formal propositions: 

WRl: The start vertex of the first edge shall be the same as the end vertex of the last edge. 
This ensures that the path is closed to form a loop. 

Informal DroDositions: 

IPl: The genus of the edge-loop shall be 1 or greater. 

IP2: The Euler formula (see equation (4) shall be satisfied: 

(number of vertices) + genus - (number of edges) = 1; 

IP3: No edge may be referenced more than once by the same edge-loop with the same ori- 
entation. 

5.4.13 poly~loop 

A poly-loop is a loop with straight edges bounding a planar region in space. A poly-loop 
is a loop of genus 1 where the loop is represented by an ordered coplanar collection of points 
forming the vertices of the loop. The loop is composed of straight line segments joining a point 
in the collection to the succeeding point in the collection. The closing segment is from the last to 
the first point in the collection. The direction of the loop is in the direction of the line segments. 
Unlike the edge-loop entity, the edges of the poly.-loop are implicitly defined by the polygon 
points. 

NOTE - This entity exists primarily to facilitate the efficient communication of faceted B-rep mod- 
els. 

A poly-loop shall conform to the following topological constraints: 

- The loop has a genus of one. 

- Equation (4) ( see 5.4.10) shall be satisfied 

lwml - lbwEE)I = 0 

EXPRESS specification: 

*> 
ENTITY poly-loop 

SUBTYPE OF (loop,geometric-representation-item); 
polygon : LIST [3:?] OF UNIQUE cartesianpoint; 

END-ENTITY; 
(* 
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Attribute definitions: 

polygon: List of points defining the loop. There are no repeated points in the list. 

Informal propositions: 

IPl: All the points in the polygon defining the poly-loop shall be coplanar. 

IP2: The implicit edges of the poly-loop shall not intersect each other. The implicit edges are 
the straight lines joining consecutive points in the polygon. 

NOTE - The polyloop has vertices and orientedsdges which are implicitly created. If, for exam- 
ple, A and B are consecutive points in the polygon list, there is an implicit orientedxdge from 
vertex point A to vertex point B with orientation value TRUE. It is assumed that when the higher 
level entities such as shell and B-rep require checks on edge usage that this check will recognise, for 
example, a straight oriented edge from point B to point A with orientation TRUE as equal to an 
oriented edge from A to B with orientation FALSE. 

5.4.14 face-bound 

A face-bound is a loop which is intended to be used for bounding a face. 

EXPRESS specification: 

*> 
ENTITY face-bound 

SUBTYPE OF(topological-representation-item); 
bound . . loop; 
orientation : BOOLEAN; 

END-ENTITY; 
(* 

Attribute definitions: 

bound: The loop which will be used as a face boundary. 

orientation: This indicates whether (TRUE), or not (FALSE) the loop has the same sense 
when used to bound the face as when first defined. If orientation is FALSE, the senses of all 
its component oriented edges are implicitly reversed when used in the face. 

5.4.15 face-outer-bound 

A face-outer-bound is a special subtype of face-bound which carries the additional semantics 
of defining an outer boundary on the face. No more than one boundary of a face shall be of 
this type. 

EXPRESS specification: 
I 

*I 
ENTITY face-outer-bound 
SUBTYPE OF (face-bound); 
END-ENTITY; 
(* 
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5.4.16 face 

A face is a topological entity of dimensionality 2 corresponding to the intuitive notion of a piece 
of surface bounded by loops. Its domain, if present, is an oriented, connected, finite 2-manifold 
in Rm. A face domain shall not have handles, but it may have holes, each hole bounded by 
a loop. The domain of the underlying geometry of the face, if present, does not contain its 
bounds, and 0 < Z < 00. A face is represented by its bounding loops, which are defined as 
face-bounds. A face shall have at least one bound, and the bounds shall be distinct and shall 
not intersect. One loop is optionally distinguished, using the face-outer-bound subtype, as 
the “outer” loop of the face. If so, it establishes a preferred way of embedding the face domain 
in the plane, in which the other bounding loops of the face are “inside” the outer loop. Because 
the face domain is arcwise connected, no inner loop shall contain any other loop. This is true 
regardless of which embedding in the plane is chosen. 

A geometric surface may be associated with the face., This may be done explicitly through the 
face-surface subtype, or implicitly if the faces are defined by poly-loops. In the latter case, 
the surface is the plane containing the points of the poly-loops. In either case, a topological 
normal n is associated with the face, such that the cross productn x t points toward the interior 
of the face, where t is the tangent to a bounding loop. That is, each loop runs counter-clockwise 
around the face when viewed from above, if we consider the normal n to point up. Each loop 
is associated through a face-bound entity with a Boolean flag to signify whether the loop 
direction is oriented correctly with respect to the face normal (TRUE) or should be reversed 
(FALSE). 

For a face of the subtype face-surface, the topological normal n is defined from the normal 
of the underlying surface, together with the Boolean attribute same-sense, and this in turn, 
determines on which side of the loop the face interior lies, using the cross-product rule described 
above. The situation is different for a face on an implicit planar surface, such as one defined by 
poly-loops, which has no unique surface normal. Since the face and its bounding loops lie in 
a plane, the outer loop can always be found without ambiguity. Since the face is required to be 
finite, the face interior must lie inside the outer loop, and outside each of the remaining loops. 
These conditions, together with the specified loop orientations, define the topological normal n 
using the cross-product rule described above. All poly-loop orientations for a given face shall 
produce the same value for n. 

The edges and vertices referenced by the loops of a face form a graph, of which the individual 
loops are the connected components. The Euler equation (1) for this graph becomes: 

L 

(V - C) - (L - x(G;)) = 0 (5) 
i=l 

where Gf is the graph genus of the i’th loop. 

More specifically, the following topological constraints shall be met: 

- The loops are unique 

- In the list ((F)[L])[E] an individual edge occurs no more than twice. 
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- Each oriented-edge shall be unique 

wwww = NJwI)[~zl 

- Equation (5) shall be satisfied 

I(((Jw”1)(EH~VH + Ivwwwl - IwwIH~)I - IvwlI + C”” = 0 

EXPRESS specification: 

*> 
ENTITY face 

SUPERTYPE OF(ONEOF(face-surface, subface, oriented-face)) 
SUBTYPE OF (topological-representation-item); 
bounds : SET[l:?] OF face-bound; 

WHERE 
WRI: NOT (mixed_loop_type_set(list_to_set(list_face-loops(SELF)))); 
WR2: SIZEOF(QUERY(temp <* bounds 1 'TOPOLOGY-SCHEMA.FACE-OUTER-BOUND' IN 

TYPEOF(temp))) <= 1; 
END-ENTITY; 
(* 

Attribute definitions: 

bounds: Boundaries of the face; no more than one of these shall be a face-outer-bound. 

NOTE - For some types of closed or partially closed surfaces, it may not be possible to identify a 
unique outer bound. 

Formal propositions: 

WRl: If any loop of the face is a poly loop, all loops of the face shall be poly loops. 

WR2: At most, one of the bounds shall be of type face-outer-bound. 

Informal propositions: 

IP 1: No edge shall be referenced by the face more than twice, or more than once in the same 
direction. 

IP2: Distinct face-bounds of the face shall have no common vertices. 

IP3: If geometry is present, distinct loops of the same face shall not intersect. 

IP4: The face shall satisfy the Euler equation (see equation (5) 
): (number of vertices) - (number of edges) - (number of loops) + (sum of genus for loops) = 
0 . 

IP5: Each loop referred to in bounds shall be unique. 
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5.4.17 face-surface 

A face-surface is a subtype of face in which the geometry is defined by an associated surface. 
The portion of the surface used by the face shall be embeddable in the plane as an open disk, 
possibly with holes. However, the union of the face with the edges and vertices of its bounding 
loops need not be embeddable in the plane. It may, for example, cover an entire sphere or torus. 
As both a face and a geometric surface have defined normal directions, a Boolean flag (the 
orientation attribute) is used to indicate whether the surface normal agrees with (TRUE) or is 
opposed to (FALSE) th e f ace normal direction. The geometry associated with any component of 
the loops of the face shall be consistent with the surface geometry, in the sense that the domains 
of all the vertex points and edge curves are contained in the face geometry surface. A surface 
may be referenced by more than one face-surface. 

EXPRESS specification: 

*> 
ENTITY face-surface 

SUBTYPE OF(face,geometric-representation-item); 
face-geometry : surface; 
same-sense : BOOLEAN; 

END-ENTITY; 
(* 

Attribute definitions: 

face-geometry: The surface which defines the internal shape of the face. This surface may be 
unbounded. The domain of the face is defined by this surface and the bounding loops in the 
inherited attribute SELF\face.bounds. 

same-sense: This flag indicates whether the sense of the surface normal agrees with (TRUE), 
or opposes (FALSE), th e sense of the topological normal to the face. 

Informal propositions: 

IPl: The domain of the face-surface is formally defined to be the domain of its 
face-geometry as trimmed by the loops, this domain does not include the bounding loops. 

IP2: A face-surface has nonzero finite extent. 

IP3: A face-surface is a manifold. 

IP4: A face-surface is arcwise connected. 

IP5: A face-surface has surface genus 0. 

IP6: The loops are not part of the face domain. 

IP7: Loop geometry shall be consistent with face geometry. This implies that any edge-curves 
or vertex-points used in defining the loops bounding the face-surface shall lie on the face-- 
geometry. 

IP8: The loops of the face shall not intersect. 
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5.4.18 oriented-face 

An oriented-face is a subtype of face which contains an additional orientation Boolean flag to 
indicate whether, or not, the sense of the oriented face agrees with its sense as originally defined 
in the face element. 

EXPRESS snecification: 

*> 
ENTITY oriented-face 

SUBTYPE OF (face); 
face-element : face; 
orientation : BOOLEAN; 

DERIVE 
SELF\face.bounds : SET[l:?] OF face-bound 

:= conditional_reverse(SELF.orientation,SELF.face-element.bo~ds); 
WHERE 

WRl: NOT (JTOPOLOGY-SCHEMA.ORIENTED-FACE' IN TYPEOF (SELF.face-element)); 
END-ENTITY; 
(* 

Attribute definitions: 

face-element: Face entity used to construct this oriented-face. 

orientation: The relationship of the topological orientation of this entity to that of the 
face-element. If TRUE, the topological orientation as used coincides with the orientation of 
the face-element. 

bounds: The bounds of the oriented-face are derived from those of the face-element after 
taking account of the orientation which may reverse the direction of these bounds. 

Formal propositions: 

WRl: The face-element shall not be an oriented-face. 

5.4.19 subface 

A subface is a portion of the domain of a face, or another subface. 

The topological constraints on a subface are the same as on a face. 

EXPRESS specification: 

*> 
ENTITY subface 

SUBTYPE OF (face); 
parent-face : face; 

WHERE 
WRl: NOT (mixed_loop_type_set(list_to_set(list_face-loops(SELF)) + 

list~to~set(list~face_loops(parent_face)))); 
END-ENTITY; 
(* 
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Attribute definitions: 

parent-face: The face, (or subface) which contains the 

Formal propositions: 

WRl: The type of loops in the subface shall match 
entity. 

Informal propositions: 

IPl: The domain of the subface is formally defined to 
trimmed by the loops of the subface. 

subface being defined by SELF\face.bounds. 

the type of loops in the parent-face 

be the domain of the parent face, as 

IP2: All loops of the subface shall be contained in the union of the domain of the parent face 
and the domains of the parent face’s bounding loops. 

5.4.20 connected-face-set 

A connected-face-set is a set of faces such that the domain of the faces together with their 
bounding edges and vertices is connected. 

EXPRESS specification: 

*> 
ENTITY connected-face set 

SUPERTYPE OF (ONEOF-(closed-shell, open-shell)) 
SUBTYPE OF (topological-representation-item); 
cfs-faces : SET [I:?] OF face; 

END-ENTITY; 
(* 

Attribute definitions: 

cfs-faces: Set of faces arcwise connected along common edges m uertexs, 

Informal propositions: 

IPl: T.he union of the domains of the faces and their bounding loops shall be arcwise connected.. 

5.4.21 vertex-shell 

A vertexshell is a shell consisting of a single vertexloop. A vertexshell-extent shall be 
unique. 

A vertex 

A vertex 

-loop 

loop 

can 

can 

only be used by a single vertexshell. 

exist independently of a vertexshell. 

EXPRESS specification: 

*> 
ENTITY vertex-shell 

SUBTYPE OF (topological-representation-item); 
vertex-shell-extent : vertex-loop; 

END-ENTITY; 
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(* 

Attribute definitions: 

vertex-shell-extent: Single vertexloop which constitutes the extent of this type of shell. 

Informal propositions: 

IPl: The extent and dimensionality of a vertexshell are both zero. 

IP2: The genus of a vertex-shell is 0. 

5.4.22 wireshell 

A wire-shell is a shell of dimensionality 1. A wire shell can be regarded as a graph constructed 
of vertices and edges. However, it is not represented directly as a graph, but indirectly, as a 
set of loops. It is the union of the vertices and edges of these loops that form the graph. The 
domain of a wire shell, if present, is typically not a manifold. 

Two restrictions are placed on the structure of a wire shell. 

a> The graph as a whole shall be connected. 

b) Each edge in the graph shall be referenced exactly twice by the set of loops. 

NOTES 

l- Two main applications of wire shells are contemplated. 

2 - Any connected graph can be written as a single loop obeying condition (b) by using the graph 
traversal algorithm. Such a graph may serve as a bound for a region. 

3 - The set of loops referenced by the faces of a closed shell automatically obey condition (b), but 
need not be connected. However, the faces of a closed shell can always be subdivided in such a way 
that their loops form a connected graph, and hence a wire shell. Thus, wire shells can represent the 
“one-dimensional skeleta” of closed shells. 

Writing G” for the graph genus, and setting the number of connected components M = 1, the 
Euler graph equation (1) becomes: 

(V - c> - (1 - G”) = 0 (6) 

More specifically, the following topological constraints shall be met: 

- The loops shall be unique 
(s”)Wl = (S”)[Ll 

- Each edge shall either be referenced by two loops, or twice by a single loop. That is, in 
the list ((S”)[L])[E], each edge appears exactly twice. 

I((SWulN~lI = wsw>[LIH~>I 
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- Each oriented edge shall be unique. 

((SW)[Ll)~~~~ = ((SWu4[~~l 

- Equation (6) shall be satisfied 

Iww>m~HvH - I((swNLl)oI - 1 + GW = 0 

EXPRESS specification: 

*> 
ENTITY wire-shell 

SUBTYPE OF (topological-representation-item); 
wire-shell-extent : SET [I:?] OF loop; 

WHERE 
WRI: NOT mixed-loop-type-set(wire_shell_extent); 

END-ENTITY; 
(* 

Attribute definitions: 

wire-shell-extent: List of loops defining the shell. 

Formal propositions: 

WRl: The loops making up the wire shell shall not be a mixture of poly-loops and other loop 
types. 

Informal propositions: 

IPl: The wire-shell has dimensionality 1. 

IP2: The extent of the wire-shell is finite and greater than 0. 

IP3: Each edge appears precisely twice in the wire shell with opposite orientations. 

IP4: The Euler equation shall be satisfied. 

IP5: The loops defining the wire-shell-extent do not intersect except at common edges or 
vertexs. 

5.4.23 open-shell 

An open-shell is a shell of dimensionality 2. Its domain, if present, is a finite, connected, 
oriented, 2-manifold with boundary, but is not a closed surface. It can be thought of as a 
closed-shell with one or more holes punched in it. The domain of an open shell satisfies 
0<.2 < 00. An open shell is functionally more general than a face because its domain can 
have handles. 

The shell is defined by a collection of faces? which may be oriented-faces. The sense of each 
face, after taking account of the orientation, shall agree with the shell normal as defined below. 
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The orientation can be supplied directly as a Boolean attribute of an oriented-face, or be 
defaulted to TRUE if the shell member is a face without the orientation attribute. 

The following combinatorial restrictions on open shells and geometrical restrictions on their 
domains are designed, together with the informal propositions, to ensure that any domain asso- 
ciated with an open shell is an orientable manifold. 

- Each face reference shall be uniaue. 

- An open-shell shall have at least one face. 

- A given face may exist in 

The boundary of an open shell 
face-bounds (loops) of its faces, 
shell, if present, contains all edges 

more than one open-shell. 

consists of the edges that are referenced only once by the 
together with all of their vertices. The domain of an open 
and vertices of its faces. 

NOTE - Note that this is slightly different from the definition of a face domain, which includes 
none of its bounds. For example, a face domain may exclude an isolated point or line segment. An 
open shell domain may not. (See the algorithm for computing B below.) 

The surface genus and topological normal of an open shell are those that would be obtained 
by filling in the holes in its domain to produce a closed shell. The topological normal can also 
be derived from the face normals after talking account of their orientation. The following Euler 
equation is satisfied by open shells. It is the most general form of Euler equation for connected, 
orient able surfaces. 

(V-I-&+2F)-(2-2H-B)=O (7) 
where V, &$I, .F are, respectively, the numbers of distinct vertices, edges, face bounds, and 
faces, H is the surface genus, and B is the number of holes. L? can be determined directly from 
the graph of edges and vertices defining the bounds of the face, in the following manner: 

- Delete all edges from the graph that are referenced twice by the face bounds of the face. 

- Delete all vertices that have no associated edges. 

- Compute L3 = the genus of the resulting graph. 

If known a priori, the surface genus H may be used to check equation (7) as an exact equality. 
Typically, this will not be the case, so equation (7) or some equivalent formulation shall be 
used to compute the genus. Since H shall be a non-negative integer, this leads to the following 
inequality, a necessary condition for well-formed open shells. 

V - & - Ll+ B shall be even and < 2 - 2.F - 

Specifically, the following topological constraints shall be met: 

- Each face in the shell is unique 

(8) 

(S”)(F) = (SO)Pl 

- Each face bound in the shell is unique 

((s”>[~lwz~ = ((S”)[mLzl 
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- Each oriented-edge in the shell is unique 

w”N~IP4Kw = wYN~l)[~~l)[Ell 

- In the list (((S”)[F])[LJ)[E] th ere is at least one edge that only appears once and no 
edges appear more than twice; the singleton edges are on the boundary of the shell. 

- The Euler condition (8), and equation (7) shall be satisfied 

I((((s”>[Fl){~~})(E}){V)I + Iw”)EFI)(LY~)~v~l - Iw”wTN~mw 
- ]((Y)[F])[Ll]I + B is even and < 2 - :!I(S’)[F]] - 

2-2H-B = I((((SO)[Fl)(L~O)){E))(V}I + Iw”~Pwa>(v~I 
-l(~~~“~~~l~~~~>)o~I - l((s”>wv~dl + WO>[~lI 

EXPRESS specification: 

*> 
ENTITY open-shell 

SUBTYPE OF (connected-face-set); 
END-ENTITY; 
(* 

Attribute definitions: 

SELF\connected-face-set .cfs-faces: The set of faces, which may include oriented-faces, 
which make up the open-shell. 

Informal propositions: 

IPl: Every edge shall be referenced at least once, but no more than twice by the loops of the 
faces. 

IP2: Each oriented-edge reference shall be unique,. 

IP3: No edge may be referenced by more than two faces. 

IP4: Distinct faces of the shell do not intersect, but may share edges, or vertices. 

IP5: Distinct edges do not intersect, but may share vertices. 

IP6: The Euler equation shall be satisfied. 

IP7: The open-shell shall be an oriented arcwise connected 2-manifold. 

IP8: The open-shell shall contain at least one hole. 

IP9: The topological normal to each face of the open-shell shall be consistent with the topo- 
logical normal to the open-shell. 
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5.4.24 oriented-open-shell 

An oriented-open-shell is a open-shell constructed from another open-shell and contains a 
Boolean direction flag to indicate whether or not the orientation of the constructed open-shell 
agrees with the orientation of the original open-shell. Except for perhaps orientation, the 
oriented.-open-shell is equivalent to the original open-shell. 

EXPRESS specification: 

*> 
ENTITY oriented-open-shell 

SUBTYPE OF (open-shell); 
open-shell-element : open-shell; 
orientation : BOOLEAN; 

DERIVE 
SELF\connected-face-set.cfs_faces : SET [I:?] OF face 

:= conditional-reverse(SELF.orientation, 
SELF.open-shell-element.cfs_faces); 

WHERE 
WRl: NOT ('TOPOLOGY~SCHEMA.ORIENTED~OPEN_SHELL' 

IN TYPEOF (SELF.open-shell-element)); 
END-ENTITY; 
(* 

Attribute definitions: 

open-shell-element: The open shell which defines the faces of the oriented-open-shell. 

orientation: The relationship between the orientation of the oriented-open-shell being de- 
fined and the open-shell-element referenced. 

cfs-faces: The set of faces for the oriented-open-shell, obtained from those of the 
open-shell-element after possibly reversing their orientation. 

Formal propositions: 

WRl: The type of open-shell-element shall not be an oriented-open-shell. 

5.4.25 closed-shell 

A closed-shell is a shell of dimensionality 2 which typically serves as a bound for a region in 
R3. A closed shell has no boundary, and has non-zero finite extent. If the shell has a domain 
with coordinate space R3, it divides that space into two connected regions, one finite and the 
other infinite. In this case, the topological normal of the shell is defined as being directed from 
the finite to the infinite region. 

The shell is defined by a collection of faces, which may be oriented-faces. The sense of each 
face, after taking account of the orientation, shall agree with the shell normal as defined above. 
The orientation can be supplied directly as a Boolean attribute of an oriented-face, or be 
defaulted to TRUE if the shell member is a face without the orientation attribute. 

The combinatorial restrictions on closed shells and geometrical restrictions on their domains 
ensure that any domain associated with a closed shell is a closed, orientable manifold. The 
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domain of a closed shell, if present, is a connected, closed, oriented 2-manifold. It is always 
topologically equivalent to an H-fold torus for some H > 0. The number H is referred to as - 
the surface genus of the shell. If a shell of genus H has a domain with coordinate space R3, the 
finite region of space inside it is topologically equivalent to a solid ball with H tunnels drilled 
through it. 

The surface Euler equation (7) applies with B = 0, because in this case there are no holes. A-s 
in the case of open-shells, the surface genus H may not be known a priori, but shall be an 
integer > 0. Thus a necessary, but not sufficient, condition for a well-formed closed shell is the 
following: 

V - & - Ll shall be even and < 2 - 2.F - 

Specifically, the following topological constraints shall be satisfied: 

(9) 

- Each face in the shell is unique 

(S”)W = W)[Fl 

- Each face bound in the shell is unique 

- Each oriented-edge in the shell is unique 

- Each edge in the shell is either used by exactly two face bounds or is used twice by one 
face bound 

I~~~~“>~~1>~~~1~~~~>I = 21(((sc>[Fl)[L~l)(E)I 
That is, in the list (((Sc)[F])[LJ)[E] each edge appears exactly twice. 

- The Euler conditions (9), or optionally (7) shall be satisfied 

2-2H = I((((sc>[Fl){L~}){E}){V}I + Iwc>mv’;‘>>(v>I 
-I(((sC>[Fl){LI}){E}I - Iw>m~dI + 2/(S”)[FlI 

I((((sc>[Fl){L~}){E}){V}l + IwcNFl)(L’IHoI - Iw”NFI)(Lmw 
- I((SC)[F])[LJI is even and 2 2 - 2l(S")[F]I 

EXPRESS specification: 

*I 
ENTITY closed-shell 

SUBTYPE OF (connected-face-set); 
END-ENTITY; 
o(c 
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Attribute definitions: 

SELF\connected-face-set .cfs-faces: The set of faces, including oriented faces which define 
the closed-s hell. 

Informal propositions: 

IPl: Every edge shall be referenced exa#ctly twice by the loops of the faces. 

IP2: Each oriented-edge reference shall be unique. 

IP3: No edge shall be referenced by more than two faces. 

IP4: Distinct faces of the shell do not intersect, but may share edges, or vertices. 

IP5: Distinct edges do not intersect, but may share vertices. 

IP6: Each face reference shall be unique. 

IP7: The loops of the shell shall not be a mixture of poly-loops and other loop types. 

IP8: The closed-shell shall be an oriented arcwise connected-manifold. 

IP9: The Euler equation shall be satisfied. 

IPlO: The topological normal to each face of the closedshell shall be consistent with the 
topological normal to the closed-shell. This implies that the topological normal to each face, 
after taking account of orientation. if mesent, shall point from the finite region bounded by the 
closed-shill into the infinite region outside 

5.426 _ oriented-closedshell 

An oriented-closed-shell is a closed-she 1 
tains a Boolean orientation flag to indicate 

1 constructed from another closed-shell and con- 
whether or not the orientation of the constructed 

closed-shell agrees with the orientation of the original closed-shell. The oriented-closed-shell 
is equivalent to the original closed-shell but may have the opposite orientation.. 

EXPRESS s9ecification: 

*> 
ENTITY oriented-closed-shell 

SUBTYPE OF (closed-shell); 
closed-shell-element : closed-shell; 
orientation : BOOLEAN; 

DERIVE 
SELF\connected-face-set.cfs-faces : SET [I:?] OF face 

:= conditional-reverse(SELF.orientation, 
SELF.closed-shell-element.cfs_faces); 

WHERE 
wRi: NOT ('TOPOLOGY-SCHEMA.ORIENTED-CLOSED-SHELL' 

IN TYPEOF (SELF.closed-shell-element)); 
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END-ENTITY; 
(* 

Attribute definitions: 

closed-shell-element: The closed shell which defines the faces of the oriented-closed-shell. 

orientation: The relationship between the orien 
defined and the closed-shell-element referenced. 

tation of the oriented-closed-shell being 

cfs-faces: The set of faces for the oriented-closed-shell, obtained from those of the 
closed-shell-element after possibly reversing their orientation. 

Formal propositions: 

WRl: The type of closed-shell-element shall not be an oriented-closed-shell. 

5.4.27 connected-edgeset 

A connected-edge-set is a set of edges such that the domain of the edges together with their 
bounding vertices is arcwise connected. 

EXPRESS specification: 

*> 
ENTITY connected-edge-set 

SUBTYPE OF (topological-representation-item); 
ces-edges : SET [I:?] OF edge; 

END-ENTITY; 
(* 

Attribute definitions: 

ces-edges: Set of edges arcwise connected at common vertexs. 

Informal propositions: 

IPl: The dimensionality of the connecte,d-edge-set is 1. 

IP2: The domains of the edges of the connected-edge-set shall not intersect. 

5.5 topology-schema function definitions 

5.5.1 conditionalreverse 

Depending on its first argument, this function returns either the input topology unchanged or 
a copy of the input topology with its orientation reversed. 

EXPRESS specification: 

*> 
FUNCTION conditional-reverse (p : BOOLEAN; 

an-item : reversible-topology) 
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: reversible-topology; 
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IF p THEN 
RETURN (an-item); 

ELSE 
RETURN (topology-reversed (an-item)); 

END-IF; 
END-FUNCTION; 
(* 

Argument definitions : 

p: (input) A B 1 oo ean value indicating whether or not orientation reversal is required. 

an-item: (input) An item of topology which can be reversed if required. 

5.5.2 topology-reversed 

This function returns topology equivalent to the input topology except that the orientation is 
reversed. 

EXPRESS specification: 

*> 
FUNCTION topology-reversed (an-item : reversible-topology) 

: reversible-topology; 

IF (JTOPOLOGY-SCHEMA.EDCE) IN TYPEoF (an-item)) THEN 
RETURN (edge-reversed (an-item)); 

END-IF; 

IF ('TOPOLOGY-ScHEMA.PATH) IN TYPEOF (an-item)) THEN 
RETURN (path-reversed (an-item)); 

END-IF; 

IF ()T~P~LoGY-scHEMA.FACE~B~UND) IN TYPEoF (an-item)) THEN 
RETURN (face-bound-reversed (an-item)); 

END-IF; 

IF (JTOPOLOGY~SCHEMA.FACE~ IN TYPEoF (an-item>> THEN 
RETURN (face-reversed (an-item)); 

END-IF; 

IF ()TOPOLOGY-SCHEM~SHELL) IN TYPEOF (an-item)) THEN 
RETURN (shell-reversed (an-item)); 

END-IF; 

IF (SET) IN TYPEOF (an-item)) THEN 
RETURN (set-of-topology-reversed (an-item)>; 

END-IF; 

IF ('LIST) IN TYPEOF (an-item>> THEN 
RETURN (list-of-topology-reversed (an-item>>; 
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END-IF; 

RETURN (?); 
END-FUNCTION; 
(* 

Argument definitions : 

an-item: (input) An item of reversible topology which is to have its orientation reversed. 

: (output) A t p 1 g o o o ical-representation-item which is the result of reversing the orientation 
of an-item. 

5.5.3 edge-reversed 

This function returns an edge equivalent to the input edge except that the orientation is 
reversed. 

EXPRESS specification: 

*) 
FUNCTION edge-reversed (an-edge : edge) : edge; 

LOCAL 
the-reverse : edge; 

END-LOCAL; 

IF (JTOPOLOGY-SCHEMA.ORIENTED-EDGE' IN TYPEoF (an-edge) > THEN 
the-reverse := oriented_edge(an_edge\oriented_edge.edge-element, 

(NOT (an-edge\oriented-edge.orientation))); 
ELSE 

the-reverse := oriented-edge (an-edge, FALSE); 
END-IF; 
RETURN (the-reverse); 

END-FUNCTION; 
(* 

Argument definitions: 

an-edge: (input) The edge which is to have its orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 

5.5.4 path-reversed 

This function returns a path equivalent to the input path except that the orientation is reversed. 

EXPRESS s-pecification: 

*> 
FUNCTION path-reversed (a-path : path) : path; 

LOCAL 
the-reverse : path; 
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END-LOCAL; 

IF (JTOPOLOGY-SCHEMA.~RIENTED-PATH) IN TYPEoF (a-path) > THEN 
the-reverse := oriented-path(a-path\oriented_path.path-element, 

(NOT(a-path\oriented_path.orientation))); 
ELSE 

the-reverse := oriented-path (a-path, FALSE); 
END-IF; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-path: (input) The path which is to have its orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 

5.5.5 face-bound-reversed 

This function returns a face-bound equivalent to the input face-bound except that the ori- 
entation is reversed. 

EXPRESS specification: 

*I 
FUNCTION face-bound-reversed (a-face-bound : face-bound) : face-bound; 

LOCAL 
the-reverse : face-bound; 

END-LOCAL; 

IF ('TOPOLOGY-SCHEMA.FACE-0UTERrR0UNDJ IN TYPEOF (a-face-bound) > THEN 
the-reverse := face-bound(arface-bound\face_bound.bound, 

(NOT (arfacerbound\facerbound.orientation))); 
ELSE 

the-reverse := face-bound(arface-bound.bound, 
(NOT (a-face-bound.orientation))); 

END-IF; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-face-bound: (input) The face-bound which is to have its orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 

155 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303=42:1994(E) 0 c IS0 

5.5.6 facereversed 

This function returns a face equivalent to input face except that the orientation is reversed. 

EXPRESS sDecification: 

*> 
FUNCTION face reversed (a-face : face) : face; 

LOCAL - 
the-reverse : face; 

END-LOCAL; 

IF (JT~P~L~GY-SCHEMA.ORIENTED-FACE) IN TYPEoF (a-face) > THEN 
the-reverse := oriented-face(a-face\oriented_face.face-element, 

(NOT (a-face\oriented-face.orientation))); 
ELSE 

the-reverse := oriented-face (a-face, FALSE); 
END-IF; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-face: (input) The face which is to have its orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 

5.5.7 shellreversed 

This function returns a shell equivalent to the input shell except that the orientation is reversed. 

EXPRESS SPecification: 

*> 
FUNCTION shell-reversed (a-shell : shell) : shell; 

LOCAL 
the-reverse : shell; 

END-LOCAL; 

IF (JTOPOLOGY-SCHEMA.ORIENTED_OPEN_SHELLJ IN TYPEOF (a-shell) ) THEN 
the-reverse := oriented-open-shell( 

a-shell\oriented-open_shell.open_shell-element, 
(NOT (a-shell\oriented-open_shell.orientation))); 

ELSE 
IF (JTOPOLOGY-SCHEMA.OPEN_SHELLJ IN TYPEOF (a-shell) ) THEN 

the-reverse := oriented-open-shell (a-shell, FALSE); 
ELSE 

IF (JTOPOLOGY-SCHEMA.ORIENTED_CLOSED~SHELLJ IN TYPEOF (a-shell) ) THEN 
the-reverse := oriented-closed-shell( 

ELSE 

a~shell\oriented_closed_shell.closed_shell~element, 
NOT(a-shell\oriented_closed_shell.orientation)); 
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IF (JTOPOLOGY-SCHEMA.CL~SED-SHELL) IN TYpEoF (a-shell) > THEN 
the-reverse := oriented-closed-shell (a-shell, FALSE); 

ELSE 
the-reverse := ?; 

END-IF; 
END-IF; 

END-IF; 
END-IF; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-shell: (input) The shell which is to have its orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 

5.5.8 set-of-topology-reversed 

This function returns a set of topology equivalent to the input set of topology except that the 
orientation of each element of the set is reversed. 

EXPRESS SDecification: 

*> 
FUNCTION set-of-topology-reversed (a-set : set-of-reversible-topology-item) 

: set-of-reversible-topology-item; 
LOCAL 

the-reverse : set-of-reversible-topology-item; 
END-LOCAL; 

the-reverse := [I; 
REPEAT i := I TO SIZEOF (a-set); 

the-reverse := the-reverse + topology-reversed (a-set [i]); 
END-REPEAT; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-set: (input) The set of topology items which are to have their orientation reversed. 

the-reverse: (output) The result of the orientation reversal. 
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5.5.9 list-of-topology-reversed 

This function returns a list of topology equivalent to the input list of topology except that the 
orientation of each element of the list is reversed and the order of the elements in the list is 
reversed. 

EXPRESS specification: 

*I 
FUNCTION list-of-topology-reversed (a-list 

: list~of~reversible~topology~item) 
: list-of-reversible-topology-item; 

LOCAL 
the-reverse : list~of~reversible~topology~item; 

END-LOCAL; 

the-reverse := [I; 
REPEAT i := I TO SIZEOF (a-list>; 

the-reverse := topology-reversed (a-list [il) + the-reverse; 
END-REPEAT; 

RETURN (the-reverse); 
END-FUNCTION; 
(* 

Argument definitions : 

a-list: (input) The list of topology items which are to have their orientation and list order 
reversed. 

the-reverse: (output) The result, of the orientation and order reversal. 

5.5.10 boolean-choose 

This function returns one of two choices depending the value of a Boolean input argument. The 
two choices are also input arguments. 

EXPRESS specification: 

*> 
FUNCTION boolean-choose (b : boolean; 

choicel, choice2 : generic) : generic; 

IF b THEN 
RETURN (choicel); 

ELSE 
RETURN (choice2); 

END-IF; 
END-FUNCTION; 
(* 

Argument definitions : 
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b: (input) The B 1 oo ean va,lue used to select the element choice1 (TRUE) or choice2 (FALSE). 

choicel: (input) The first item which may be selected. 

choicez: (input) The second item which may be selected. 

5.5.11 path-head-to-tail 

This function returns TRUE if for the edges of the input path, the end vertex of each edge is 
the same as the start vertex of its successor. 

EXPRESS specification: 

*> 
FUNCTION path-headJo_tail(a-path : path) : LOGICAL; 

LOCAL 
n : INTEGER; 
P : LOGICAL := TRUE; 

END-LOCAL; 

n := SIZEOF (a-path.edge-list); 
REPEAT i := 2 TO n; 

P := p AND (a-path.edge-listk-ll.edge-end :=: 
a-path.edge-list[i].edge_start); 

END-REPEAT; 

RETURN (p); 
END-FUNCTION; 
(* 

Argument definitions : 

a-path: (input) The path 
consecutively head-to-tlail. 

for which it is required to verify that its component edges are arranged 

p: (output) A LOGICAL variable which is TRUE if all edges in the path join head-to-tail. 

5.5.12 listface-loops 

Given a face (or a subface): the function returns the list of loops in the face or subface. 

EXPRESS specification: 

*> 
FUNCTION list-face-loops(f: face) : LISTCO:?] OF loop; 

LOCAL 
loops : LIST[O:?] OF loop := [I; 

END-LOCAL; 

REPEAT i := I TO SIZEOF(f.bounds); 
loops := loops +(f.bounds[i].bound); 

END-REPEAT; 
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RETURN(loops); 
END-FUNCTION; 
(* 

Argument definitions : 

fi (input) The face for which it is required to generate the list of bounding loops. 

loops: (output) The list of loops for f. 

5.5.13 list_loop-edges 

Given a loop, the function returns the list of edges in the loop. 

EXPRESS specification: 

*> 
FUNCTION list-loop-edges(1: loop): LISTCO:?] OF edge; 

LOCAL 
edges : LISTLO:?] OF edge := Cl; 

END-LOCAL; 

IF 'TOPOLOGY~SCHEMA.EDGE_LOOP' IN TYPEOF(1) THEN 
REPEAT i := I TO SIZEOF(l\path.edge-list); 

edges := edges + (l\path.edge-list[i].edge-element); 
END-REPEAT; 

END-IF; 

RETURN(edges); 
END-FUNCTION; 
(* 

Argument definitions : 

1: (input) The loop for which it is required to generate the list of -edges. 

edges: (output) The list of edges for 1. 

5.5.l4 listshell-edges 

Given a shell, the function returns the list of edges in the shell. 

EXPRESS specification: 

FUNCTION list-shell-edges(s : shell) : LISTCO:?] OF edge; 
LOCAL 

edges : LISTCO:?] OF edge := [I; 
END-LOCAL; 

REPEAT i := I TO SIZEOF(list~shell~loops(s)); 
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edges := edges + list~loop~edges(list_shellJoops(s)[i]); 
END-REPEAT; 

RETURN(edges); 
END FUNCTION; - 
(* 

Argument definitions : 

s: (input) The shell for which it is required to generate the list of edges. 

edges: (output) The list of edges for s. 

5.5.15 listshellfaces 

Given a shell, the function returns the list of faces in the shell. 

EXPRESS specification: 

*> 
FUNCTION list-shell-faces(s : shell) : LISTCO:?] OF face; 

LOCAL 
faces : LIST[O:?] OF face := [I; 

END-LOCAL; 

IF (JTOPOLOGY-SCHEMA.CL~SED-SHELL) IN TymoF(~)) OR 
(JTOPOLOGY-SCHEMA.~PEN-SHELL) IN TymoF(~)) THEN 

REPEAT i := I TO SIZEOF(s\connected-face_set.cfs_faces); 
faces := faces + s\connected-face-set.cfs-faces[i]; 

END REPEAT; 
END-I;; 

RETURN(faces); 
END-FUNCTION; 
(* 

Argument definitions : 

s: (input) The shell for which it is required to generate the list of faces. 

faces: (output) The list of faces for s. 

5.5.16 listshell-loops 

Given a shell, the function returns the list of loops in the shell. 

EXPRESS specification: 

*> 
FUNCTION list-shell-loops(s : shell) : LISTCO:?] OF loop; 

LOCAL 
loops : LIST[O:?] OF loop := [I; 

161 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303=42:1994(E) 0 c IS0 

END-LOCAL; 

IF 'TOPOLOGY-SCHEMA.VERTEX_SHELL' IN TYPEOF THEN 
loops := loops + s.vertex-shell-extent; 

END-IF; 

IF 'TOPOLOGY~SCHEMA.WIRE_SHELL' IN TYPEOF THEN 
REPEAT i := 1 TO SIZEOF(s.wire-shell-extent); 

loops := loops + s.wire-shell-extentb]; 
END REPEAT; 

END-IF; 

IF ('TOPOLOGY-SCHEMA.• PEN_SHELL' IN TypEoF( OR 

('TOPOLOGY-SCHEMA.CLOSED-SHELL' IN TYPEoF( THEN 
REPEAT i := I TO SIZEOF(s.cfs-faces); 

loops := loops + list~face~loops(s.cfs~facesCil); 
END-REPEAT; 

END-IF; 

RETURN(loops); 
END-FUNCTION; 
(* 

Argument definitions : 

s: (input) The shell for which it is required to generate the list of loops. 

loops: (output) The list of loops for s. 

5.5.17 mixed-loop-type-set 

Given a set of loops, the function returns TRUE if the set includes both poly-loops and other 
types (edge and vertex) of loops. 

EXPRESS specification: 

*> 

FUNCTION mixed-loop-type-set(1: SETLO:?] OF loop): LOGICAL; 
LOCAL 

i : INTEGER; 
poly-loop-type: LOGICAL; 

END-LOCAL; 
IF(SIZEOF(1) <= I) THEN 

RETURN(FALSE); 
END-IF; 
poly-loop-type := (JTOPOLOGY-SCHEMA.P~LY-L00P' IN TymoF(1[11)); 

REPEAT i := 2 TO SIZEOF(1); 
IF((JTOPOLOGY~SCHEMA.POLY_LOOPJ IN TYPEOF(l[i])) <> poly-loop-type) THEN 

RETURN(TRUE); 
END-IF; 

END-REPEAT; 
RETURN(FALSE); 
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END-FUNCTION; 
(* 

Argument definitions : 

1: (input) The set of loops for which it is required to determine whether, or not, it is a mixture 
of poly-loops and others. 

5.5.18 list-to-set 

This function creates a SET from a LIST, the type of element for the SET will be the same 
as that in the original LIST. 

EXPRESS specification: 

*> 

FUNCTION list-to-set(l : LIST CO:?] OF GENERIC:T) : SET OF GENERIC:T; 
LOCAL 

S : SET OF GENERIC:T := [I; 
END-LOCAL; 

REPEAT i := I TO SIZEOF(1); 
s := s + lb]; 

END-REPEAT; 

RETURN(s); 
END-FUNCTION; 
(* 

Argument definitions : 

1: (input) Th e is o e ements to be converted to a set. 1 t f 1 

s: (output) The set corresponding to 1. 

5.5.19 edge-curve-pcurves 

This function returns the set, of pcurves that are associated with (i.e., represent, the geometry 
of) an edge-curve. 

EXPRESS specification: 

*I 
FUNCTION edge-curve-pcurves (an-edge : edge-curve; 

the-surface-curves : SET OF surface-curve) 
: SET OF pcurve; 

LOCAL 
a-curve : curve; 
result : SET OF pcurve; 
the-geometry : LIST [I:21 OF pcurve-or-surface; 

END-LOCAL; 
a-curve := an-edge.edge-geometry; 

163 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


IS0 10303-42:1994(E) 0 c IS0 

result := [I; 
IF 'GEOMETRY-SCHEMA.PCURVE' IN TYPEOF(a-curve) THEN 

result := result + a-curve; 
ELSE 

IF 'GEOMETRY-SCHEMA.SURFACE_CURVE' IN TYPEOF(a-curve) THEN 
the-geometry := arcurve\surface-curve.associated_geometry; 
REPEAT k := I TO SIZEOF(the-geometry); 

IF 'GEOMETRYrSCHEMA.PCURVE' IN TYPEOF (the-geometry[k]) 
THEN 

result := result + thergeometry[kl; 
END-IF; 

END-REPEAT; 
ELSE 

REPEAT j := I TO SIZEOF(the-surface-curves); 
the-geometry := the-surface-curves[j].associated_geometry; 
IF the_surface_curves[j].curve_3d :=: a-curve 
THEN 

REPEAT k := I TO SIZEOF(thergeometry); 
IF 'GEOMETRYrSCHEMA.PCURVE' IN TYPEOF (the-geometry[k]) 
THEN 

result := result + thergeometry[kl; 
END-IF; 

END-REPEAT; 
END-IF; 

END-REPEAT; 
END-IF; 

END-IF; 

RETuRN (RESULT); 
END-FUNCTION; 

(* 

Argument definitions : 

an-edge: (input) The edge-curve whose associated pcurves are to be found. 

the.-surface-curves: (input) The set of all surface-curves within the scope of the search for 
pcurves. 

result: (output) The set of all pcurves associated with an-edge. 

5.5.20 vertex-point-pcurves 

This function returns the set of pcurves that are associated with (i.e., represent the geometry 
of) a vertex-point. 

EXPRESS specification: 

*> 
FUNCTION vertexrpointrpcurves (a-vertex : vertex-point; 

the-degenerates : SET OF evaluatedrdegeneraterpcurve) 
: SET OF degenerate-pcurve; 
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LOCAL 
a-point : point; 
result : SET OF degenerate-pcurve; 

END-LOCAL; 
a-point := a-vertex.vertex-geometry; 
result := [I; 
IF 'GEOMETRY-SCHEMA.DEGENERATE-PCURVE' IN TYPEOF(a-point) THEN 

result := result + a-point; 
ELSE 

REPEAT j := 1 TO SIZEOF(the-degenerates); 
IF (the-degenerates[jl .equivalent-point :=: a-point) THEN 

result := result + the-degenerates[j]; 
END-IF; 

END-REPEAT; 
END-IF; 

RETURN (RESULT); 
END-FUNCTION; 

(* 

Argument definitions : 

a-vertex: (input) The vertex-point whose associated pcurves are to be found. 

the-degenerates: (input) The set of all evaluated-degenerate-pcurves within the scope of 
the search for pcurves. 

result: (output) The set of all degenerate-pcurves having the same geometry as a-vertex. 

EXPRESS specification: 

*> 
END-SCHEMA; -- end TOPOLOGY schema 
(* 
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6 Geometric models 

The following EXPRESS declaration begins the geometric-model-schema and identifies the 
necessary external references. 

EXPRESS specification: 

*> 
SCHEMA geometric-model-schema; 

REFERENCE FROM geometry-schema; 
REFERENCE FROM topology-schema; 
REFERENCE FROM measure-schema(length_measure, 

positive-length-measure, 
plane-angle-measure, 
plane-angle-unit, 
positive-plane-angle-measure); 

(* 

NOTES 

1 - The schemas referenced above can be found in the following Parts of IS0 10303: 

geometryschema Clause 4 of this part of IS0 10303 
topology-schema Clause 5 of this part of IS0 10303 
measure-schema IS0 10303-41 

2 - See annex D, figures D.16 - D.18, for a graphical presentation of this schema. 

6.1 Introduction 

The subject of the geometric-model schema is the set of basic resources necessary for the 
communication of data describing the size, position, and shape of objects. The solid-model 
subtypes provide basic resources for the communication of data describing the precise size and 
shape of three-dimensional solid objects. The two classical types of solid model, constructive 
solid geometry (CSG) and boundary representation (B-rep) are included. Also included in this 
clause are entities providing less complete geometric and topological information than the full 
CSG or B-rep models. The use of these entities is appropriate for communication with systems 
whose capability differs from that of solid modelling systems. 

The entities in this schema are arranged in a logical order beginning with the solid-model 
supertype and its various subtypes. These subtypes include the different types of boundary 
representations (B-reps) and the CSG solids. After the solid-model subtypes the surface model 
entities are grouped together, followed by the wireframe models and the geometric sets. 

6.2 Fundamental concepts and assumptions 

The constructive solid geometry models are represented by their component primitives and 
the sequence of Boolean operations (union, intersection or difference) used in their con- 
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struction. The standard CSG primitives are the cone, cylinder, sphere, torus, block and 
right-angular-wedge and should be defined in their final position and orientation. The entity 
which communicates the logical sequence of Boolean operations is the boolean-result which 
identifies an operator and two operands. The operands can themselves be Boolean results, thus 
enabling nested operations. In addition to the CSG primitives, any solid model, including, in 
particular, swept solids and half-space solids may be Boolean operands. The swept solids are 
the solid-of-revolution and the solid-of-linear-extrusion. The swept solids are obtained by 
extruding or sweeping a planar face which may contain holes. The half-space-solid is essen- 
tially defined as a semi-infinite solid on one side of a surface; it may be limited by a box-domain. 

B-rep models are represented by the set of shells defining their exterior or interior boundaries. 
Constraints ensure that the associated geometry is well defined and that the Euler formula con- 
necting the numbers of vertices, edges, faces, loops and shells in the model is satisfied. The 
faceted-brep is restricted to represent B-reps in which all faces are planar and every loop is a 
poly-loop. 

The solid-replica entity provides a mechanism for copying an existing solid in a new location. 

The shell-based-surface-model, face-based-surface-model, 
shell-based-wireframe-model, edge-based-wireframe-model, geometric-set, and geo- 
metric-curve-set entities do not enforce the integrity checks of the manifold-solid-brep and 
can be used for the communication of incomplete models or non-manifold objects, including 
two-dimensional models. 

6.3 geometricmodelschema type definitions 

6.3.1 boolean-operand 

This select type identifies all those types of entities which may participate in a boolean operation . 
to form a CSG solid. 

EXPRESS specification: 

*> 
TYPE boolean-operand = SELECT 

(solid-model, 
half-space-solid, 
csg-primitive, 
boolean-result); 

END-TYPE; 
(* 

6.3.2 boolean-operator 

This type defines the three boolean operators used in the definition of CSG solids. 

EXPRESS specification: 
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*> 
TYPE boolean-operator = ENUMERATION OF 

(union, 
intersection, 
difference) ; 

END-TYPE ; 
(* 

Definitions: 

union: The operation of constructing the regularised set theoretic union of the volumes 
defined by two solids. 

intersection: The operation of constructing the regularised set, theoretic intersection of the 
volumes defined by two solids. 

difference: The regularised set theoretic difference between the volumes defined by two 
solids. 

6.3.3 csg-primitive 

This select type defines the set, of CSG primitives which may participate in boolean opera- 
tions. The CSG primitives are sphere, right-circular-cone, right-circular-cylinder, torus, 
block and 
right-angular-wedge. 

EXPRESS S-Pecification: 

*> 
TYPE csg-primitive = SELECT 

(sphere, 
block, 
right-angular-wedge, 
torus, 
right-circular-cone, 
right-circular-cylinder); 

END-TYPE ; 
(* 

6.3.4 csg-select 

This type identifies the types of entity which may be selected as the root of a CSG tree including 
a single CSG primitive as a special case. 

EXPRESS specification: 

*> 
TYPE csg-select = SELECT 

(boolean-result, 
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csg-primitive); 
END-TYPE; 
(* 

6,3.5 geometric-set-select 

This select type identifies the types of entities which can occur in a geometric-set. 

EXPRESS specification: 

*I 
TYPE geometric-set-select = SELECT 

(point, 
curve, 
surface); 

END-TYPE; 
(* 

6.3.6 surface-model 

This type collects all possible surface model entities. 

Some product model representations consist of collections of surfaces which do not necessarily 
form the complete boundary of a solid. Such a model can be represented by a collection of faces 
or shells. 

EXPRESS specification: 

*> 
TYPE surface-model = SELECT 

(shell-based-surface-model, 
face-based-surface-model); 

END-TYPE; 
(* 

6.3.7 wireframemodel 

This type collects all possible wireframe model entities. 

A wireframe representation of a geometric model contains information only about the intersec- 
tions of the surfaces forming the boundary but does not contain information about the surfaces 
themselves. 

EXPRESS sr,ecification: 

*> 
TYPE wireframe-model = SELECT 

(shell-based-wireframe-model, 
edge-based-wireframe-model); 

END-TYPE; 
(* 
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6.4 geometricmodelschema entity definitions 

The following entities are used in the geometric-model-schema. 

6.4.1 solid-model 

A solid-model is a complete representation of the nominal shape of a product such tha,t all 
points in the interior are connected. Any point can be classified as being inside, outside or on 
the boundary of a solid. 

There are several different types of solid model representations. 

EXPRESS specification: 

*> 
ENTITY solid-model 

SUPERTYPE OF (ONEOF( csg-solid, manifold-solid-brep, swept-face-solid, 
swept-area-solid, solid-replica)) 

SUBTYPE OF (geometric-representation-item); 
END-ENTITY; 
(* 

6.4.2 manifoldsolid-brep 

A manifold-solid-brep is a finite, arcwise connected volume bounded by one or more surfaces, 
each of which is a connected, oriented, finite, closed 2-manifold. There is no restriction on the 
number of through holes, nor on the number of voids within the volume. 

The Boundary Representation (B-rep) of a manifold solid utilises a graph of edges and vertices 
embedded in a connected, oriented, finite, closed two manifold surface. The embedded graph 
divides the surface into arcwise connected areas known as faces. The edges and vertices, there- 
fore, form the boundaries of the faces and the domain of a face does not include its boundaries. 
The embedded graph may be disconnected and may be a pseudograph. The graph is labelled; 
that is, each entity in the graph has a unique identity. The geometric surface definition used to 
specify the geometry of a face shall be 2-manifold embeddable in the plane within the domain 
of the face. In other words, it shall be connected, oriented, finite, non-self-intersecting, and. of 
surface genus 0. 

Faces do not intersect except along their boundaries. Each edge along the boundary of a face 
is shared by at most one other face in the assemblage. The assemblage of edges in the B-rep do 
not intersect except at their boundaries (i.e., vertices). The geometric curve definition used to 
specify the geometry of an edge shall be arcwise connected and shall not self intersect or overlap 
within the domain of the edge. The geometry of an edge shall be consistent with the geometry 
of the faces of which it forms a partial bound. 

The geometry used to define a vertex shall be consistent with the geometry of the faces and 
edges of which it forms a partial bound. 
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A B-rep is represented by one or more closed-shells which shall be disjoint. One shell, the 
outer, shall completely enclose all the other shells and no other shell may enclose a shell. The 
facility to define a B-rep with one or more internal voids is provided by the brep-with-voids 
subtype. The following version of the Euler formula shall be satisfied 

Xms = V - E + 23 - ,!Zl - 2(s - G”) = 0 (10) 

where V, &, 3, L1 and S are the numbers of unique vertices, edges, faces, face bounds and shells 
in the model and Gs is the sum of the genus of the shells. 

More specifically, the topological entities shall conform to the following constraints, where B 
denotes a manifold solid B-rep: 

- The shells shall be unique 
(B)ESl = 00 

- Each face in the B-rep is unique 

ww~l = umw~1 

- Each loop is unique 

w)[Sl)[Fl)[Ll = wN~lmwL) 

- Each (edge + logical) pair is unique 

IPwI)Pd = cc 

- Each edge in the B-rep is either used by exactly two loops or twice by one loop 

I((((B)CSl)[Fl)[~l){El}I = =!I~~~~~~~~l~~~l~~~l~~~zlI 
That is, in the list (( (( B)[S])[F])[L])[E] each edge appears exactly twice. 

- Equat ion (10) shall be satisfied 

I-2xG” = I(((((B)[Sl)[Fl){L”}){E)){V)I + Iwwl) 
-I((((B)[Sl)[Fl){L)){E}I + w~~Esl>[FlI - 

The topological normal of the B-rep at each point on its boundary is the surface normal direction 
that points away from the solid material. The closed-shell normals, as used, shall be consis- 
tent with the topological normal of the B-rep. The manifold-solid-brep has two subtypes, 
faceted-brep and brep-with-voids, with which there exists a default ANDOR relationship. 
The following can all be instantiated: 

- manifold-solid-brep 
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- brep-wit h-voids 

- faceted-brep 

- faceted-brep AND brep-with-voids 

EXPRESS specification: 
*I 
ENTITY manifold-solid-brep 

SUBTYPE OF (solid-model); 
outer : closed-shell; 

END-ENTITY; 
(* 

Attribute definitions: 

outer: A closed-shell defining the exterior boundary of the solid. The shell normal shall point 
away from the interior of the solid. 

Informal propositions: 

IPl: The dimensionality of a manifold-solid-brep shall be 3. 

IP2: The extent of the manifold-solid-brep shall be finite and non-zero. 

IP3: No vertex-point, undirected edge-curve (i.e, one which is not a oriented-edge), 
or undirected face-surface (i.e., one which is not a oriented-face) referenced by a mani- 
fold-solid-brep shall intersect any other vertex-point, undirected edge-curve, or undirected 
face-surface referenced by the same manifold-solid-brep. 

IP4: Distinct loops referenced by the same face shall have no common vertexs. 

NOTE - This implies that distinct loops of the same face have no common edges. If geometry is 
present, distinct loops of the same face do not intersect. 

IP5: All topological elements of the manifold-solid-brep shall have defined associated geom- 
etry. 

IP6: The shell normals shall agree with the B-rep normal and point away from the solid repre- 
sented by the B--rep. 

IP7: Each face shall be referenced only once by the shells of the manifold-solid-brep. 

IP8: Each oriented-edge in the manifold-solid-brep shall be referenced only once. 

IP9: Each undirected edge shall be referenced exactly twice by the loops in the faces of the 
manifold-solid-brep’s shells. 

IPlO: The Euler equation shall be satisfied for the boundary representation, where the genus 
term shell-genus is the sum of the genus values for the shells of the brep. 
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IP11: A manifold-solid-brep, which is not a faceted brep, shall not reference poly-loops. 

IP12: A faceted-brep can reference only poly-loops as face boundaries. 

6.4.3 brep-with-voids 

A brep-with-voids is a special subtype of the manifold-solid-brep which contains one or 
more voids in its interior. The voids are represented by oriented-closed-shells which are 
defined so that the oriented-closed-shell normals point into the void, that is, with orientation 
FALSE. .A brep-with-voids can also be a faceted-brep. 

EXPRESS specification: 

*> 
ENTITY brep-with-voids 

SUBTYPE OF (manifold-solid-brep); 
voids : SET [I : ?] OF oriented-closed-shell; 

END-ENTITY; 
(* 

Attribute definitions: 

SELF\manifold-solid-brep.outer: An oriented-closed-shell defining the exterior bound- 
ary of the solid. The shell normal shall point away from the interior of the solid. 

voids: Set of oriented-closed-shells defining voids within the solid. The set may contain one 
or more shells. 

Informal propositions: 

IPl: Each void shell shall be disjoint from the outer shell and from every other void shell. 

IP2: Each void shell shall be enclosed within the outer shell but not within any other void shell. 
In particular, the outer shell is not in the set of void shells. 

IP3: Each shell in the manifold-solid-brep shall be referenced only once. 

6.4.4 faceted-brep 

A faceted-brep is a simple form of boundary representation model in which all faces are planar 
and all edges are straight lines. 

NOTE - The faceted-brep has been introduced in order to support the large number of systems 
that allow boundary type solid representations with planar surfaces only. Faceted models may 
be represented by manifoldsolid-brep but their representation as a faceted-brep will be more 
compact. 

Unlike the B-rep model, edges and vertices are not represented explicitly in the model but 
are implicitly available through the poly.loop entity. A faceted-brep has to meet the same 
topological constraints as the manifold-solid-brep. 

EXPRESS specification: 
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*) 
ENTITY faceted-brep 

SUBTYPE OF (manifold-solid-brep); 
END-ENTITY; 
(* 

Informal propositions: 

IPl: All the bounding loops of all the faces of all the shells in the faceted-brep shall be of 
type poly~loop. 

IP2: The faces in the shells may have implicit or explicit surface geometry. If explicit, the face 
surface shall be a plane. All polyloops defining the face shall be coplanar. 

6.4.5 csg-solid 

A solid represented as a CSG model is defined by a collection of so-called primitive solids, 
combined using regularised boolean operations. The allowed operations are intersection, union 
and difference. As a special case a CSG solid can also consist of a single CSG primitive. 

A regularised subset of space is the closure of its interior, where this phrase is interpreted in the 
usual sense of point set topology. For boolean-results regularisation has the effect of removing 
dangling edges and other anomalies produced by the original operations. 

A CSG solid requires two kinds of information for its complete definition: geometric and struc- 
tural. 

The geometric information is conveyed by solid-models. These typically are primitive volumes 
such as cylinders, wedges and extrusions, but can include general brep models. Solid-models 
can also be solid-replicas (transformed solids) and half-space-solids. 

The structural information is in a tree (strictly, an acyclic directed graph) of boolean-result 
and CSG solids, which represent a ‘recipe’ for building the solid. The terminal nodes are 
the geometric primitives and other solids. Every csg-solid has precisely one boolean-result 
associated with it which is the root of the tree that defines the solid. (There may be further 
boolean-results within the tree as operands). The significance of a csg-solid entity is that 
the solid defined by the associated tree is thus identified as a significant object in itself, and in 
this way it is distinguished from other boolean-result entities representing intermediate results 
during the construction process. 

EXPRESS S-Pecification: 

*> 
ENTITY csg-solid 

SUBTYPE OF (solid-model); 
tree-root-expression : csg-select; 

END-ENTITY; 
(* 

Attribute definitions: 

174 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

30
3-4

2:1
99

4

https://standardsiso.com/api/?name=bfe60441c6bf48efb11e400ab76b5b5e


0 c IS0 IS0 10303=42:1994(E) 

tree-root -expression: Boolean expression of primitives and regularised operators describing 
the solid. The root of the tree of boolean expressions is given here explicitly as a boolean.-result 
entity, or as a csg-primitive. 

6.4.6 boolean-result 

A boolean-result is the result of a regularised operation on two solids to create a new solid. 
Valid operations are regularised union, regularised intersection, and regularised difference. For 
purposes of Boolean operations, a solid is considered to be a regularised set of points. 

The final boolean-result depends upon the operation and the two operands. In the case of 
the difference operator the order of the operands is also significant. The operator can be either 
union, intersection or difference. The effect of these operators is described below. 

Union on two 
first -operand 

solids is the new solid that cant ains all the points that are in either the 
or the second-operand or both. 

Inter sect ion on two sol ids is t 
are in both th .e fi rst -0p eran d 

he new solid that is the regu .larisation of the set of all points that 
and the second -operand. 

The result of the difference operation on two solids is the regularisation of the set of all points 
which are in the first-operand, but not in the second-operand. 

NOTE - For example if the first operand is a block and the second operand is a solid cylinder of 
suitable dimensions and location the boolean-result produced with the difference operator would 
be a block with a circular hole. 

EXPRESS specification: 

*I 
ENTITY boolean-result 

SUBTYPE OF (geometric-representation-item); 
operator : boolean-operator; 
first-operand : boolean-operand; 
second-operand : boolean-operand; 

END-ENTITY; 
(* 

,4ttribute definitions: 

operator: The boolean operator used in the operation to create the result. 

first-operand: The first operand to be operated upon by the boolean operation. 

second-operand: The second operand specified for the operation. 

6.4.7 sphere 

A sphere is a CSG primitive with a spherical shape defined by a centre and a radius. 
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EXPRESS specification: 

0 c IS0 

*> 
ENTITY sphere 

SUBTYPE OF (geometric-representation-item); 
radius : positive-length-measure; 
centre : point; 

END-ENTITY; 
(* 

Attribute definitions: 

radius: The radius of the sphere. 

centre: The location of the centre of the sphere. 

6.4.8 right-circular-cone 

A right-circular-cone is a CSG primitive in the form of a cone which may be truncated. It 
is defined by an axis, a point on the axis, the semi-angle of the cone, and a distance giving 
the location in the negative direction along the axis from the point to the base of the cone. In 
addition, a radius is given, which, if nonzero, gives the size and location of a truncated face of 
the cone. 

EXPRESS snecification: 

*I 
ENTITY right-circular-cone 

SUBTYPE OF (geometric-representation-item); 
position : axisl-placement; 
height : positive-length-measure; 
radius : length-measure; 
semi-angle : plane-angle-measure; 

WHERE 
WRI: ,radius >= 0.0; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location of a point on the axis and the direction of the axis. 

position.location: A point on the axis of the cone and on one of the planar circular faces, or, 
if radius is zero, at the apex. 

position.axis: The direction of the central axis of symmetry of the cone. 

height: The distance between the planar circular faces of the cone, if radius is greater than 
zero; or from the base to the apex, if radius equals zero. 

radius: The radius of the cone at the point on the axis (position.location). If the radius is 
zero, the cone has an apex at this point. If the radius is greater than zero, the cone is truncated. 
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semiangle: One half the angle of the cone. This is the angle between the axis and a generator 
of the conical surface. 

Formal propositions: 

WRl: The radius shall be non-negative. 

Informal propositions: 

IPl: The semi-angle shall be between 0’ and 90’. 

6.4.9 right-circular-cylinder 

A right-circular-cylinder is a CSG primitive in the form of a solid cylinder of finite height. 
It is defined by an axis point at the centre of one planar circular face, an axis, a height, and a 
radius. The faces are perpendicular to the axis and are circular discs with the specified radius. 
The height is the distance from the first circular face centre in the positive direction of the axis 
to the second circular face centre. 

EXPRESS specification: 

*> 

ENTITY right-circular-cylinder 
SUBTYPE OF (geometric-representation-item); 
position : axisl-placement; 
height : positive-length-measure; 
radius : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location of a point on the axis and the direction of the axis. 

positio 
circular 

n.locat 
faces. 

ion: A point on the axis of the cylinder and at the centre of one of the planar 

position.axis: The direction of the central axis of symmetry of the cylinder. 

height: The distance between the planar circular faces of the cylinder. 

radius: The radius of the cylinder. 

6.4.10 torus 

A torus is a solid primitive defined by sweeping the area of a circle (the generatrix) about a larger 
circle (the directrix). The directrix is defined by a location and direction (axisl-placement). 

EXPRESS specification: 

*> 
ENTITY torus 
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SUBTYPE OF (geometric-representation-item); 
position : axisl-placement; 
major-radius : positive-length-measure; 
minor-radius : positive-length-measure; 

WHERE 
WRI: major-radius > minor-radius; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location of the central point on the axis and the direction of the axis. This 
defines the centre and plane of the directrix. 

majorradius: The radius of the directrix. 

minor-radius: The radius of the generatrix. 

Formal propositions: 

WRl: The major-radius shall be greater than the minorradius. 

6.4.11 block 

A block is a solid rectangular parallelepiped, defined with a location and placement coordinate 
system. The block is specified by the positive lengths x, y, and z along the axes of the placement 
coordinate system, and has one vertex at the origin of the placement coordinate system. 

EXPRESS specification: 

*> 

ENTITY block 
SUBTYPE OF (geometric-representation-item); 
position : axis2rplacementV3d; 
X : positive-length-measure; 
Y : positive-length-measure; 
z : positive-length-measure; 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location and orientation of the axis system for the primitive. The block has one 
vertex at position.location and its edges aligned with the placement axes in the positive sense. 

x: The size of the block along the placement X axis, (position.p[l]). 

y: The size of the block along the placement Y axis, (position.p[2]). 

Z: The size of the block along the placement Z axis, (position.p[3]). 
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position attributes 

Figure 12 - Right angular wedge and its attributes 

6.4.12 right-angular-wedge 

A right-angular-wedge can be envisioned as the result of intersecting a block with a plane 
perpendicular to one of its faces. It is defined with a location and local coordinate system. A 
triangular/trapezoidal face lies in the plane defined by the placement X and Y axes. This 
face is defined by positive lengths x and y along the placement X and Y axes, by the length 
ltx (if nonzero) parallel to the X axis at a distance y from the placement origin, and by the 
line connecting the ends of the x and ltx segments. The remainder of the wedge is specified 
by the positive length z along the placement Z axis which defines a distance through which the 
trapezoid or triangle is extruded. If LTX = 0, the wedge has five faces; otherwise, it has six 
faces. 

NOTE - See figure 12 for interpretation of attributes. 

EXPRESS specification: 

*> 

ENTITY right-angular-wedge 
SUBTYPE OF (geometric-representation-item); 
position : axis2-placement-3d; 
X : positive-length-measure; 
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Y : positive-length-measure; 
Z : positive-length-measure; 
1tx : length-measure; 

WHERE 
WRI: ((0.0 <= ltx) AND (ltx < x)); 

END-ENTITY; 
(* 

Attribute definitions: 

position: The location and orientation of the placement axis system for the primitive. The 
wedge has one vertex at position.location and its edges aligned with the placement axes in 
the positive sense. 

x: The size of the wedge along the placement X axis. 

y: The size of the wedge along the placement Y axis. 

z: The size of the wedge along the placement Z axis. 

Itx: The length in the positive X direction of the smaller surface of the wedge. 

Formal propositions: 

WRl: ltx shall be non-negative and less than x. 

6.4.13 swept-face-solid 

The swept-area-solid entity collects the entities which are defined procedurally by a sweeping 
action on planar figures. The position in space of the swept solid will be dependent upon the 
position of the swept-face. The swept-face will be a face of the swept area solid, except for 
the case of a solid of revolution with angle equal to 360 degrees. 

EXPRESS specification: 

*) 
ENTITY swept-face-solid 

SUPERTYPE OF (ONEOF(extruded-face-solid, revolved-face-solid)) 
SUBTYPE OF (solid-model); 
swept-face : face-surface; 

WHERE 
WRI: 'GEOMETRYrSCHEMA.PLANE' IN TYPEOF(sweptrface.face_geometry); 

END-ENTITY; 
(* 

Attribute definitions: 

swept -face: The face-surface defining the area to be swept. The extent of this face is defined 
by the bounds attribute of the referenced face-surface. 

Formal nronositions: 
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WR1: The swept-face shall be planar. The face-geometry attribute of the 
face-surface referenced shall be a plane. 

6.4.14 extruded-face-solid 

An extruded-face-solid is a solid defined by sweeping a planar face. The direction of transla- 
tion is defined by a direction vector, and the length of the translation is defined by a distance 
depth. The planar face may have holes which will sweep into holes in the solid. 

EXPRESS SDecification: 

*I 
ENTITY extruded-face-solid 

SUBTYPE OF (swept-face-solid); 
extruded-direction : direction; 
depth : positive-length-measure; 

WHERE 
WRI: dot-product( 

(SELF\swept-face-solid.swept_face.facergeometry\ 
elementary_surface.position.p[31) 

, extruded-direction) <> 0.0; 
END-ENTITY; 
(* 

Attribute definitions: 

SELF\swept-face-solid.swept-face: The face to be extruded to produce the solid. 

extruded-direction: The direction in which the face is to be swept. 

depth: The distance the face is to be swept. 

Formal propositions: 

WRl: extruded-direction shall not be perpendicular to the normal to the plane of the ex- 
truded-face. 

6.4.15 revolved-face-solid 

A revolved-face-solid is a solid of revolution formed by revolving a planar face about an axis. 
The axis shall be in the plane of the face and the axis shall not intersect the interior of the 
face. The planar face may have holes which will sweep into holes in the solid. The direction of 
revolution is clockwise when viewed along the axis in the positive direction. More precisely if 
A is the axis location and d is the axis direction and C is an arc on the surface of revolution 
generated by an arbitrary point p on the boundary of the face, then C leaves p in direction d 
x (p-A) as the face is revolved. 

NOTE - See figure 13 for illustration of attributes. 

EXPRESS specification: 

*> 
ENTITY revolved-face-solid 
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