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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the rightt be rnprncnnfnd on-that committee. International nrgnni7atinnc, gm/nrnmnntnl and Aon-governm ental, in
liaison with ISO, also take part in the work. 1ISO collaborates closely with the International Electrotg¢chnical
Commissipn (IEC) on all matters of electrotechnical standardization.

Internatioal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart'3.

Draft Intefjnational Standards adopted by the technical committees are circulated to the member bodies folf voting.
Publicatioh as an International Standard requires approval by at least 75 % of the memben-bodies casting a pote.

Attention {s drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. 1ISO shall not be held responsible for identifying any or all such patentrights.

Internatiopal Standard ISO 10303-508 was prepared by Technical Committee 1ISO/TC 184 Industrial autpmation
systems gnd integration, Subcommittee SC 4, Industrial data.

This Interpational Standard is organized as a series of parts, each published separately. The structure| of this
Internatiopal Standard is described in 1ISO 10303-1.

Each parf of this International Standard is a member oflone of the following series: description methods,
implementation methods, conformance testing method@logy and framework, integrated generic regources,
integrated application resources, application protocols,abstract test suites, application interpreted constru¢ts, and
application modules. This part is a member of the application interpreted construct series.
A complete list of parts of ISO 10303 is available from the Internet:

<http://wwy, ni st.gov/sc4/editing/step/titles/>

Annexes A and B form a normative part of this part of ISO 10303. Annexes C and D are for information only

© ISO 2001 — All rights reserved \
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\Y

Introduction

ISO 10303 is an International Standard for the computer-interpretable representation and exchange 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
scription makes it suitable not only for neutral file exchange, but also as a basis for implemen
sharing product databases and archiving.

this de-
ting and

e parts of
plication

nd confor-

mance testing. The series are described in ISO 10303-1. This part of ISO 10303 is:a‘memper of the

cts that

supports a specific functionality for the usage of product data across multiple application confexts. An

inte
ma

ion requirements among application protocols.

Thi$ document specifies the application interpreted construct for the description of geometric 3
means of non-manifold surface models. It includes the geometric and topological resources
norn-manifolds that may consist of elementary and sculptured curves and surfaces.
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Irt of ISO 10303 specifies the interpretation of the integrated resources to satisfyfequireme|
cription of geometric shapes by means of non-manifold surface models.

owing are within the scope of this part of ISO 10303:
points;

ints defined in the parameter space of curves or surfaces;
curves;

rves defined in the parameter space of surfaces;

NOTE - Such curves are also known as pcurves or cons, which are acronyms for parametrised
and curve on surface.

b elementary curve types line, circle,ellipse, parabola, and hyperbola;

lylines that consist of atleast three points;
b elementary surfacetypes plane, cylinder, cone, torus, and sphere;
ept surfacesctreated by rotation or linear extrusion of a curve;

ulpturedicurves and surfaces;

— tri||nming of curves and surfaces using topological entities;

hts for

curve

— CO

mposition of curves and surfaces using topological entities;

— replication of curves, surfaces, and surface models;

— 3D offsets of curves and surfaces;

©1S0
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non-manifolds.
following are outside the scope of this part of ISO 10303:
unbounded geometry;

self-intersecting geometry;

2

Theg
pro
anyj
are

ments indicated below. For undated references, the latest.edition of the normative document

app
1SO

of bpsc notation.

I1SQ

exchange — Part 1 : Overview and fundamental principles.

ISQ
exc

ISQ
exc

ISQ
exc

ISQ
exc

geometry ina 2D cartesian coordinate space;
replication of points;

topology without an association to a corresponding geometric domain.

Normative references

of these publications do not apply. However, parties to agreements based on this part of |
encouraged to investigate the possibility of applying the maost recent editions of the norma:l

lies. Members of ISO and IEC maintain registers of‘currently valid International Standards.

IEC 8824—-1:198, Information technology — Abstract Syntax Notation Onw (ASN.1): Specification
10303-1:1994 |ndustrial automation systems and integration — Product data representati

10303-11:1994|ndustrial automation systems and integration — Product data representati
hange — Part 11 : Description:methods: The EXPRESS language reference manual.

10303-41:1994|ndustrial automation systems and integration — Product data representati
hange — Part 41 : Integrated generic resources: Fundamentals of product description and s

10303-42:1994 Industrial automation systems and integration — Product data representati
hange — Part42 : Integrated generic resources: Geometric and topological representation.

10303=43:1994|ndustrial automation systems and integration — Product data representati
hange’= Part 43 : Integrated generic resources: Representation structures.

following normative documents contain provisions which, through-reference in this text, cpnstitute
isions of this part of ISO 10303. For dated references, subsequent amendments to, or reyisions of,

~

50 10303
jve docu-
eferred to

bn and
bn and
bn and
Lipport.

bn and

bn and

IS

10303=202"1996Imdustriat autonmation Systers and integrationm — Product data represerntati

exchange: — Part 202: Application protocol: Associative draughting.

NOTE - [ISO 10303-202 is referenced normatively solely for the definition of the term AIC.

n and

ISO 10303-511:200, Industrid automation systens and integration — Produd data representatio and
exchange — Part 511 : Application interpreted construct: Topologically bounded surface.

(© 1SO 2001 — All rights reseved
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3 Terms, definitions, and abbreviations

3.1

Terms defined in ISO 10303-1

SO 10303-508:200(E)

For the purposes of this part of ISO 10303, the following terms defined in ISO 10303-1 apply:

abstract test suite (ATS);

application;

application context;
application protocol (AP);
data;

data exchange;

generic resource;
implementation method;
information;

integrated resource;
interpretation;

model,

product;

product data;

structure.

© 1SO 2001 — All rights reseved
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3.2 Terms defined in ISO 10303-42

For the purposes of this part of ISO 10303, the following terms defined in ISO 10303-42 apply:

— boundary;

— boundary representation solid model,

nKractad:
mieuvicy,

— re
— | coordinate space;
— | curve;

— | dimensionality;
— | domain;

— | parameter space;

— | self-intersect;

— | surface.

.3 Terms defined in ISO 10303202

w
l‘

For|the purposes of this part of ISO 10303;.the following terms defined in ISO 10303-202 apply:
3.311
application interpreted construct.(AIC)

a lopgical grouping of interpreted-constructs that supports a specific function for the usage of prgduct data
acr@ss multiple application(contexts.

3.4 Terms déefined in ISO 10303-511
Forl|the purposes:of this part of ISO 10303, the following terms defined in ISO 10303-511 apply:

— | advanced face;

— Scutptured surface;

— swept surface.

4 © 1SO 2001 — All rights reseved
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3.5 Other terms and definitions
For the purposes of this part of ISO 10303, the following terms and definitions apply:

351

2-manifold

a shape where on any point of its boundary one may create a sufficiently small sphere so that the interior
of the sphere is divided into exactly two regions by this boundary. The boundary may typically consist

of ges and faces

NOTE - This definition eliminates self-intersection of surfaces, surface intersections that are not along
edges, and edges joining three or more faces.

3.52
non-manifold
a slirface model that uses topological constructs to define its boundaries, ahd connectivity and that in-
cludes either at least twoonnected face_ sstsharing ondace or more than twdaces sharing ope

edge

3.6 Abbreviations

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

AIC application interpreted construct
AP application protocol
ATS abstract test suite

4 | EXPRESS short listing

Thi$ clause specifies the-EXPRESS schema that uses elements from the integrated resources and con-
tains the types, entity specializations, and functions that are specific to this part of ISO 10303.

NOTE 1- There may be subtypes and items of select lists that appear in the integrated resourdes that are
not importedSinto the AIC. Constructs are eliminated from the subtype tree or select list through the use of
the implicitinterface rules of ISO 10303-11. References to eliminated constructs are outside the sdope of the
AlC.Incsome cases, all items of the select list are eliminated. Because AICs are intended to be implemented
inthe context of an application protocol, the items of the select list will be defined by the scope of the
application protocol.

This application interpreted construct provides a consistent set of geometric and topological entities for
the definition of non-manifold surface representations that consist of elementary or sculptured curves
and surfaces. The highest level entity of this part of ISO 10308is_manifold_surface_shape_-
representation A non_manifold_surface_shape_representatiotis bounded. The bounding of the
geometry is achieved by topological entities, suchextex, edge andface

© 1SO 2001 — All rights reseved 5
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Topological entities shall not exist without an association to a corresponding geometric domain.

NOTE 2 - This part of ISO 10303 uses all the entities and types from ISO 1030&i61fgpologically -
bounded_surface

EXPRESS specification

*
S?CHEMA aic_non_manifold_surface;
USE FROM aic_topologically_bounded_surface; -- ISO 10303-511
USE FROM geometric_model_schema ( -- 1SO 10303-42
face_based_surface_model);
USE FROM geometry schema ( -- ISO 10303-42

b_spline_curve,
b_spline_surface,
bounded_pcurve,
bounded_surface_curve,
cartesian_transformation_operator_3d,
curve,

curve_replica,
degenerate_pcurve,
evaluated_degenerate_pcurve,
intersection_curve,
offset_curve 3d,
offset_surface,
point_on_curve,
point_on_surface,
seam_curve,

surface,

surface_replica);

USE FROM product_propetty representation_schema ( -- 1SO 10303-41
shape_representation);

USE FROM representation_schema ( -- ISO 10303-43
mapped dtem,

representation,

representation_item,

reépresentation_map);

USEZ ERQM mlnnlngy_Qr‘hpma ( - _1SO 10303-42
closed_shell,
connected_face_set,
face,
open_shell,

oriented_face);

6 © 1SO 2001 — All rights reseved
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(*

NOTE 3- The schemas referenced above can be found in the following parts of ISO 10303:

aic_topologically_bounded_surface ISO 10303-511
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
product_property_representation_schema ISO 10303-41
representation_schema ISO 10303-43

tanalacnr—aechbana SO 102092 49
OPUTOgy_— St LE=A AR \CACAV v i 7

4.1 Fundamental concepts and assumptions

Theg following entities are intended to be independently instantiated in the applicatioh-protocol [schemas
that use this AIC:

non_manifold_surface_shape_representation.

4.2 aic_non_manifold_surface schema entity definition:
non_manifold_surface_shape_representation

A njon_manifold_surface_representationdescribes the shape or portions of the shape pfoduct
using non-manifolds with boundaries.

NOTE 1- Non-manifolds are topologically less constrained than manifolds. For example, the restriction
that only a maximum of twdaces may share the:saneglgedoes not apply. They are, therefore, not{nec-

essarily suitable for building solid models. They are, however, often found in applications that support the
finite element analysis method.

NOTE 2- Anon_manifold_surfacexrepresentatiomay well hold a manifold surface model, but notjvice
versa.

NOTE 3 - Entityproduct i§ not included in this part of ISO 10303.

A npn_manifold_surface—shape_representatiors ashape_representatioras defined in ISO 10303-
41 that consists ofohe or marigice_based_surface_model Eachface_based_surface_moddk
built up of connected_face set which in the context of this part of ISO 10303 may be instantiated
ascpnnected_face_sair as one of its subtypespen_shellor closed_shell Connected_face_sstcof
sist| of faceswhich useedges andvertexs; the latter three shall reference geometric entities, suich as
points, cutves, andsurfaces. The link between topology and geometry may be established by either
usingface_surfaceor advanced_faceas defined in ISO 10303-511. The two options differ bgth in

the lselection-of valighoint cunse andsifacesubtypnes and il constraints-onreferences-to-und rlylng
e poi-cUh/e—ahastHace SsubtfpesahRatR-coRsStaitsS-oRfetereRcesSto-HhRaE

Teotror—or—vatt

geometry.

NOTE 4 - The representation tdce_surfacs asadvanced_facs is recommended for non-manifold sur-

face models that are intended to be used together with boundary representation solid models; the integration
of such a non-manifold surface model into for example an advanced boundary representation model, which
is defined in ISO 10303-514, will be easier.

© 1SO 2001 — All rights reseved 7
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All geometric entities shall be of dimensionality three except for two-dimensional geometry that is used
for the purpose of definingcurves. The use of one-dimensionzdrtesian_poins is excluded.

All unbounded geometry shall be trimmed by using topological constructs.

The items of a non_manifold_surface_shape_representationmay also be of typemapped_item
which is defined in 1ISO 10303-43, axis2_placement_3d These are used to assemble one or sev-

eral non_manifold_surface_shape_representatianinto one othemon_manifold_surface_shape_-
rep esentation

Thg WHERE-rules of this entity restrict the use of the entity data types that are imported frogm1S® 10303-
42 and ISO 10303-43 according to the statements above. Some of these validations, of‘entity type and
congstraints are specified in the following two functions:

nmsf_curve_check

nmsf_surface_check

In WR5, WR6, and WR10 below, these functions validatecinees andsurfaces of alledges andfaces
that are in the scope ofreon_manifold_surface_shape_representatioexcept for those that are in|the
refgrence tree of andvanced_facethe geometry of aadvanced facas validated by a different set of
rules. The functions automatically assess all underlying geometry; for this they are called recufgsively.

EXAMPLE A pcurve may reference both eurve and asurface. Functionnmsf_curve_checkvalidatgs
not only thepcurve, but also this underlying geometry. It will, therefore, not only call itself, buf also
nmsf_surface_check

NOTE5- This part of ISO 10303 does hot include a function for the validatiggofts and their undgr-
lying curves andsurfaces. This is becatise atiurves andsurfaces of anon_manifold_surface_shapg_-
representation are referenced froredges andfaces and are, thus, covered by the two existing fung¢tions
already.

NOTE 6 - An application protocol that uses this part of ISO 10303 should explicitly permit thsttépe | -
representationentity may be instantiated asnan_manifold_surface_shape_representation

EXPRESS specification

*
)
ENTITY, non_manifold_surface_shape_representation
SUBTYPE OF (shape_representation);
WHERE
WR1: SIZEOF (QUERY (it <* SELF.items |
NOT (SIZEOF (['AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’,
'AIC_NON_MANIFOLD_SURFACE.MAPPED_ITEM’,
'AIC_NON_MANIFOLD_SURFACE.AXIS2_PLACEMENT_3D’] * TYPEOF (it)) = 1)))
= 01
WR2: SIZEOF (QUERY (it <* SELF.items |

8 © 1SO 2001 — All rights reseved
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SIZEOF ([AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’,
'AIC_NON_MANIFOLD_SURFACE.MAPPED_ITEM] * TYPEOF (it)) = 1)) > 0;
WR3: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.MAPPED_ITEM’ IN TYPEOF (it)) |
NOT ((CAIC_NON_MANIFOLD_SURFACE.+
'NON_MANIFOLD_SURFACE_SHAPE_REPRESENTATION’
IN TYPEOF (mi\mapped_item.mapping_source.mapped_representation))
AND
(SIZEOF(QUERY (mr_it <*
mi\mapped_item mapping source mapped representation items |
(CAIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’
IN TYPEOF (mr_it)))) > 0 ))) = O;
WR4: SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYRPEOF (it))
NOT (SIZEOF (QUERY (cfs <*
fbsm\face_based_surface_model.fosm_faces |
NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |
NOT (SIZEOF (['AIC_NON_MANIFOLD_SURFACE.FACE_SURFACEY
'AIC_NON_MANIFOLD_SURFACE.ORIENTED_FACE’] * TYPEOF\(fa)) = 1)))
=0) =0) =0
WR5: SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE’ MODEL’ IN TYPEOF (it))
NOT (SIZEOF (QUERY (cfs <*
fbsm\face_based_surface_model.fbsm_faces |
NOT (SIZEOF (QUERY (f_sf <* QUERY (fa <* ¢fs.cfs_faces |
(CAIC_NON_MANIFOLD_SURFACE.FACE_SURFACE' IN TYPEOF (fa))) |
NOT ((CAIC_NON_MANIFOLD_SURFACE.ARVANCED_FACE’ IN TYPEOF (f_sf))
OR
(nmsf_surface_check(f_sf\face_surface.face_geometry))))) = 0)))
= 0) = 0
WR6: SIZEOF (QUERY (fbsm <* QUERY) (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFAGE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it))
NOT (SIZEOF (QUERY (cfsh\g*
fosm\face_based surface_medel.fbsm_faces |
NOT (SIZEOF (QUERYW (o fa <* QUERY (fa <* cfs.cfs_faces |
(CAIC_NON_MANIFOLD,*SURFACE.ORIENTED_FACE’' IN TYPEOF (fa))) |
NOT ((CAIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE' IN TYPEOF
(o_fa\oriented_fdce.face_element))
OR
(nmsf_surfaee check
(o_fa\oriented_face.face_element\face_surface.face_geometry)))))
= 0))=0)) = 0;
WR7: SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
‘AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it))
NOT (SIZEOF (QUERY (cfs <*
fbsm\face based surface model.fbosm faces |
NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |
NOT ((AIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))
OR
(SIZEOF (QUERY (bnds <* fa.bounds |
NOT (SIZEOF (AIC_NON_MANIFOLD_SURFACE.EDGE_LOOP’,
'AIC_NON_MANIFOLD_SURFACE.VERTEX_LOOP’]

© 1SO 2001 — All rights reseved 9
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WRS:

* TYPEOF (bnds.bound)) = 1))) = 0)))) = 0))) = 0))) = O;
SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items|
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

fosm\face_based surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |

NOT (CAIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |

'AIC_NON MANIFOI D SUREACE EDGE_| OOP’ IN TYPEQE (hnds bound)) |

WR10:

WRO:

NOT (SIZEOF (QUERY (oe <* elp_fbnds\path.edge list |

NOT (AIC_NON_MANIFOLD_SURFACE.EDGE_CURVE’ IN TYPEOF
(oe.edge_element)))) = 0))) = 0)))) = 0))) = 0))) = 0;

SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPREOF (it))
NOT (SIZEOF (QUERY (cfs <*

fosm\face_based_surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |

NOT ((AIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’ IN-TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds" |
'AIC_NON_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYRPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe_cv <* QUERY (oe <*

elp_fbnds\path.edge_list |

'AIC_NON_MANIFOLD_SURFACE.EDGE_CURVE™ NN TYPEOF (oe.edge_element)) |
NOT (SIZEOF ('AIC_NON_MANIFOLD_SURFACE.B_SPLINE_CURVE’,
'AIC_NON_MANIFOLD_SURFACE.CONIC,
'AIC_NON_MANIFOLD_SURFACE.CURVE. REPLICA,
'AIC_NON_MANIFOLD_SURFACE.LINEj
'AIC_NON_MANIFOLD_SURFACE.OFESET_CURVE_3D’,
'AIC_NON_MANIFOLD_SURFACERCURVE’,
'AIC_NON_MANIFOLD_SURFAGE.POLYLINE’,
'AIC_NON_MANIFOLD_SURFACE.SURFACE_CURVE'] *

TYPEOF (oe_cv.edge_element\edge_curve.edge geometry))

= 1)) =0)) =0)) z20)) =0)) =0

SIZEOF (QUERY (flilsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_ SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it))
NOT (SIZEOF (QUERY (cfs <*

fosm\face_based surface_model.fbsm_faces |

NOT (SIZEQF (QUERY (fa <* cfs.cfs_faces |

NOT ((CAIS&_NON_MANIFOLD_SURFACE.ADVANCED_FACE’' IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
‘AIC_NON_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds\path.edge_list |

NOT (nmsf curve check (oe.edge element\edge curve.edge geometry))))

WR11:

10

=0)) =0)) =0) =0)) = 0;

SIZEOF (QUERY(fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

fbsm\face_based_surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |
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NOT ((CAIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_NON_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds\path.edge_list|

NOT (CAIC_NON_MANIFOLD_SURFACE.VERTEX_POINT' IN TYPEOF
(oe.edge_element.edge_start))

AND

(CAIC_NON_MANIFOLD_SURFACE.VERTEX_POINT' IN

/////

=0) =0)) = 0)) =0)) =0

WR12: SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOEF,{it))
NOT (SIZEOF (QUERY (cfs <*

fbsm\face_based_surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |

NOT ((AIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’' IN TYPEOF (fa))
OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_NON_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYPEOF ({bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds\path.edge list |

NOT ((SIZEOF ([AIC_NON_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_NON_MANIFOLD_SURFACE.DEGENERATE_PCURVE',
'AIC_NON_MANIFOLD_SURFACE.POINT_ON_CURVE’,
'AIC_NON_MANIFOLD_SURFACE.POINT_ON_SURFACE'] * TYPEOF
(oe.edge_element.edge_start\vertex_point.vertex_geometry)) = 1)

AND

(SIZEOF (['AIC_NON_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_NON_MANIFOLD_SURFACE.DEGENERATE_PCURVE,
'AIC_NON_MANIFOLD_SURFACE.POINT_ON_CURVE,
'AIC_NON_MANIFOLD_SURFACE:ROINT_ON_SURFACE'] * TYPEOF
(oe.edge_element.edge_end\vertex. point.vertex_geometry)) = 1

) = 0)) = 0)) = 0) =-6)Y) = 0;

WR13: SIZEOF (QUERY (fbsm <*-QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it))
NOT (SIZEOF (QUERY-* (cfs <*

fosm\face_based_surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |

NOT ((CAIC_NGON_MANIFOLD_SURFACE.ADVANCED_FACE’' IN TYPEOF (fa))
OR

(SIZEOF) (QUERY (vlp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_NON_MANIFOLD_SURFACE.VERTEX_LOOP’ IN TYPEOF (bnds.bound)) |
NQT_J(CAIC_NON_MANIFOLD_SURFACE.VERTEX_POINT' IN TYPEOF
(vip_fbnds\vertex_loop.loop_vertex)))) = 0)))) = 0)))

= 0) = 0;

WR14: SIZEOF (QUERY (fbsm <* QUERY (it <* SELF.items |
'AIC_NON_MANIFOLD_SURFACE.FACE_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

fosm\face_based_surface_model.fbsm_faces |

NOT (SIZEOF (QUERY (fa <* cfs.cfs_faces |

NOT ((AIC_NON_MANIFOLD_SURFACE.ADVANCED_FACE’' IN TYPEOF (fa))
OR
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(SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_NON_MANIFOLD_SURFACE.VERTEX_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (AIC_NON_MANIFOLD_ SURFACE.CARTESIAN_POINT’,
'AIC_NON_MANIFOLD_SURFACE.DEGENERATE_PCURVE’,
'AIC_NON_MANIFOLD_SURFACE.POINT_ON_CURVE',
'AIC_NON_MANIFOLD_SURFACE.POINT_ON_SURFACE'] * TYPEOF
(vip_fbnds\vertex_loop.loop_vertex\vertex_point.vertex_geometry))

= 1)) =0)) =0)) =0)) =0

END_ENTITY;

(*

For

mal propositions

WR
mo

WR
facd

WR
rep

lels, mapped_itens, oraxis2_placement_3d.

NOTE 7 - Axis2_placement_3dis a valid mapped_item.mapping_target Tonnclude anotherepre
sentation into the list ofitems of a non_manifold_surface_shape_representatio(see WR3 for va
mapped_item3, themapped_item.mapping_source.mapping_origimay_ be any entity that is geom
cally founded in thegeometric_representation_contexdf the mapped ~Aepresentation If this entity is &
axis2_placement_3¢dthe operator that maps theapped_representatiorinto thenon_manifold_surface|
shape_representatiorcorresponds to a transformation matrix.with ‘only translation and rotation ena
acartesian_transformation_operator_3dis used asnapping. Ofigin, scaling and mirroring are possib

2: At least one of thétems in a non_manifold_surface_shape_representatioghall be eithef
b based_surface_moder amapped_item

esentation of its mapping_sourceshall be-anon_manifold_surface _shape_representationrhi

sh

WRH4: A faceshall be instantiated as eithefaee _surface its subtypeadvanced_faceor anoriented |

fac

W
refe

The
se

Theg
offs

Theg
cun

—

e_representatiorshall include at least«orface_based_surface_model

rence tree of aadvanced ;faceor shall be validcurves andsurfaces.

parent_surface of a surface_replicashall be either arelementary_surface b_spline_surfac
et_surface swept_surface or surface_replica

swept-curve of a swept_surfaceshall be either dine, conic, pcurve, surface_curve offset |
e~3d, b_spline_curve polyline, or curve_replica

1: Theitemsin a non_manifold_surface_shape_representatioshall beface hased_surfacg -

3: If there is amapped_itemin a non_manifeld_surface_shape_representatigrthe mapped |

basis_surfaceof anoffset_surfaceshall be either aelementary_surface b_spline_surface offt
| surface swept_surface or surface_replica

id
ptri-
n

bled. If
le.

a

5: All basis geometry that.via tace_surfaceis referenced byurfaces shall be either within the

1%

The attributeself_intersectshall be set to FALSE or UNKNOWN fdb_spline_surface andoffset_-
surfaces.

NOTE 8- Asurfaceis validated against these constraints by the funatiosf_surface_check

WRG6: All basis geometry that is referenced via amented_face.face _elemenshall be either within

the

12

reference tree of aatdvanced_faceor shall be valiccurves andsurfaces.
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Thebasis_surfaceof anoffset_surfaceshall be either aelementary surface b_spline_surface off-
set_surface swept_surface or surface_replica

The parent_surface of a surface_replicashall be either arlementary surface b_spline_surface
offset_surface swept_surface or surface_replica

The swept_curve of a swept_surfaceshall be either dine, conic, pcurve, surface_curve offset -
curve_3d b_spline_curve polyline, or curve_replica

The attributeself_intersectshall be set to FALSE or UNKNOWN fadp_spline_surfaces andoffset_-
surfaces.

NOTE 9- Asurfaceis validated against these constraints by the funatiosf_surface_check

WRJ7: Thebound of aface_boundthat is referenced by face that is referenced eitherdirectly by a
connected_face_satr via anoriented_faceshall be either within the reference tree ofavanced |
faceor shall be aredge_loopor avertex_loop.

WR8: The geometry of a boundirgfgethat is theedge elemenof anoriented ,edgethat is referenced
by aface that is referenced either directly bycannected_face_setr via anoriented_faceshall be
eitheer within the reference tree of advanced_faceor shall be aredge_curye

WR9: Thecurve used to define the geometry of adgethat is theedge _geometryof anedge_curve
of gnedgethat is referenced by facethat is referenced either diréctly bycannected _face setr vi
angriented_faceshall be either & _spline_curve aconic, acurve_replica, aline, anoffset_curve_3
apgurve, apolyline, asurface_curve or acurve in the reference tree of aadvanced_face

122

=

WR10: All basis geometry that is referenced byrves-shall be either within the reference tree ¢f an
advanced_faceor shall be valiccurves andsurfaces,

Thg parent_curve of a curve_replica shall be_éither dine, conic, pcurve, surface curve offset |
curye_3d b_spline_curve polyline, or curveCreplica.

Thegbasis_curveof an offset_curve 3dshall be either dine, conic, pcurve, surface curve offset |
curye_3d b_spline_curve or curve_feplica.

Thgcurve_3dof asurface_curveshall be either éine, conic, offset_curve_3d b_spline_curve polyt
line} or curve_replica

Thebasis_surfaceof asurface_curveshall be either & spline_surface elementary_surface offset |
surface, surface_replica“or swept_surface

Polylines shall contain at least threartesian_poins.

The attributeself intersectshall be set to FALSE or UNKNOWN fob_spline_curves andoffset |
curye 3ds,

NOTE 10- Acurveis validated against these constraints by the funatimsf_curve_check

WR11: The edge_startand edge_endof an edgeshall be either within the reference tree of aah
vanced_faceor shall bevertex_points.

WR12: Thevertex_geometryof avertex that is part of aredge_loopshall be either within the refer-
ence tree of amdvanced_faceor shall be acartesian_point point_on_curve, point_on_surface or
degenerate_pcurve
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WR13: Theloop_vertexof avertex_loopshall be either within the reference tree ofatvanced_face
or shall be avertex_point.

WR14: Thevertex _geometryof avertex that is part of arertex_loop shall be either within the refer-
ence tree of amdvanced_faceor shall be acartesian_point point_on_curve point_on_surface or
degenerate_pcurve

Informal propositions

IP1| The portion of ab_spline_curve that is within the topological domain of aon_manifaold |
surface_shape_representatiohall not self-intersect.

IP2| The portion of ab_spline_surfacethat is within the topological domain of mon:manifold |
surface_shape_representatioshall not self-intersect.

IP3| The portion of anoffset_curve_3dthat is within the topological domain-of mon_manifold |
surface_shape_representatioshall not self-intersect.

IP4| The portion of anoffset_surfacethat is within the topological <domain of maon_manifold |
surface_shape_representatioshall not self-intersect.

IP5| If afacehas only one connected outer bound, the corresporoamshall be represented faxe |
outer_bound. If the outer bound is not connectddce outer, boundshall not be used.

4.3 aic_non_manifold_surface function definitions
This section describes functions required to:farmulate constraints for the aic_non_manifold_surface

schema. These functions are used in the-specification of the aatitymanifold _surface_shapqg -
repfesentation

4.3.1 nmsf_curve check

Thgnmsf_curve_checlfunction‘checks aurve instance for validity in the context ofreon_manifold |
surface_shape_representation All geometry that is referenced by thisirve instance, such as other
curyes andsurfaces, are-also validated.

EXAMPLE _One of the constraints that is validated by this function is whether the self-intersectioniflag of a
b_spline_curveinstance is set to TRUE, FALSE, or UNKNOWN; only FALSE and UNKNOWN are Malid.

Where appropriate an instance is investigated recursively. This meansuiva references another
curye-as-a basis curve or parent curve, titasf_curve_checkfunction is called again. If aurfacei
referencedthemsf—strface—checkunctioniscalted—Therecursive process-terminates-at-entity types

that do not reference amurves orsurfaces.

U7

The following curve types and their subtypes are within the scope ohdtime manifold_surface -
shape_representatiorand are, thus, valid input to this function:
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— b_spline_curve

— conic;

curve_replica;
— line;

—offset curnve 3d

— pcurve;

polyline;

surface_curve

FoJr of thesecurve types reference basis or parentves. The lists below indicate the valid references.

NOTE 1- This function applies to those entity types that are marked in the lists below a recursive process
to check their entity references for valid instantiations.

Thegparent_curve of acurve_replicashall be of one of the following types:

b_spline_curve

— conic;

curve_replica (recursive);

— line;

offset_curve_3d(recursive),

pcurve (recursive);

polyline;

surfaced curve(recursive).

The basis' arve of an offset_airve_3d shal be of ore of the following types:

b_spline_curve

— conic;

curve_replica (recursve);
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— line;

offset_curve_3d(recursive);

pcurve (recursive);

surface_curve(recursive).

The
to_

b_spline_curve

— conic;

curve_replica (recursive);

— ling;

polyline.

Thegcurve_3dof asurface_curveshall be of one of the following types:

b_spline_curve

—| conic;

curve_replica (recursive);

— line;

offset_curve_3d(recursive);

polyline;

surface_curve(recursive).

Pcyrve andsurface_curvereferencesurfaces. Functionnmsf_surface_checkis called for validation
of thesesurfaces. Thenon_manifold_surface _shape_representatiorequires the same constraints on
valifl surface references fopcurves andsurface_curves as specified in ISO 10303-42.

A valid polyline shall consist of at least thremrtesian_poins.

The attributeself_intersectshall for B-spline and offset geometry be set to FALSE or UNKNOWN.

16 © 1SO 2001 — All rights reseved


https://standardsiso.com/api/?name=df52a86d07c2d738daf30dd3b8a8d2bf

SO 10303-508:200(E)

This function returns TRUE, if the types of all referenced geometries are within the scopenafithe
manifold_surface_shape_representatiomnd if all constraints are fulfilled, otherwise the function re-
turns FALSE.

NOTE 2 - This function does not check the correctness of references with respect to requirements specified
by ISO 10303-42. Only additional requirements due to the scope ofdhemanifold_surface_shape_re-
presentationare checked.

EXPRESS specification

*)
FUNICTION nmsf_curve_check (cv : representation_item) : BOOLEAN;

(* [This functio n verifie s the validit y of a curv e in the contex(ty-of a
non-manifold surface model. Representation_items are

valid input, however, they are supposed to be curves; otherwise

this function will return false.

)

(* |complex subtypes of curve that are both bounded curve anhd
oneof conic, curve_replica, line, or offset curve_3d are~not
valid

*)
IF| SIZEOF ([AIC_NON_MANIFOLD_SURFACE.BOUNRED_CURVE,
'AIC_NON_MANIFOLD_SURFACE.CONIC',
[AIC_NON_MANIFOLD_SURFACE.CURVE_REPLICA',
AIC_NON_MANIFOLD_SURFACE.LINE’,
'AIC_NON_MANIFOLD_SURFACE.OFFSET CURVE_3D’] * TYPEOF(cv)) > 1
THEN RETURN(FALSE);

ELSE

(1 b_spline_curves shall not self-intersect
X
)
F (CAIC_NON_MANIFOLBD\SURFACE.B_SPLINE_CURVE’ IN TYPEOF (cv)) AND
(cv\b_spline_curve.self intersect = FALSE) OR

(cv\b_spline_curverself_intersect = UNKNOWN))

HEN RETURN(TRUE);

LSE

m —

(* coniesyand lines are valid curve types

*)

IF¢SIZEOF ('AIC_NON_MANIFOLD_SURFACE.CONIC’,
'AIC_NON_MANIFOLD_SURFACE.LINE'] * TYPEOF (cv)) = 1 THEN

ETLIDA TR

0 (T A\
RETURN{TIRUL),

ELSE

(* a curve_replica shall reference a valid curve

*)

IF "AIC_NON_MANIFOLD_SURFACE.CURVE_REPLICA’' IN TYPEOF(cv) THEN
RETURN (nmsf_curve_check(cv\curve_replica.parent_curve));
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ELSE

(* an offset_curve_3d shall not self-intersect and
shall reference a valid curve; a polyline is not a
valid basis_curve
)
IF (CAIC_NON_MANIFOLD_SURFACE.OFFSET_CURVE_3D’ IN TYPEOF (cv))
AND
((cv\offset_curve_3d.self_intersect = FALSE) OR
(e\offset curve 3d self intersect = UNKNOWN]))

AND

(NOT (AIC_NON_MANIFOLD_SURFACE.POLYLINE’ IN TYPEOF

(cv\offset_curve_3d.basis_curve)))) THEN

RETURN (nmsf_curve_check(cv\offset_curve_3d.basis_curve));
ELSE

(* a pcurve shall reference a valid curve and a valid

basis_surface

*)

IF "AIC_NON_MANIFOLD_SURFACE.PCURVE' IN TYPEQFKcv) THEN
RETURN ((nmsf_curve_check
(cv\pcurve.reference_to_curve\representation.items[i]))

AND
(nmsf_surface_check(cv\pcurve.basis_surface)));
ELSE

(* a surface_curve references a curves3d and one or
two pcurves or one or two surfaces or one of
each; all of these references>shall be valid
*)
IF "AIC_NON_MANIFOLD_SURFACE.SURFACE_CURVE' IN TYPEOF(cv) THEN

(* if the curve reference is correct, check also the rest
*)

IF nmsf_curve ‘eheck(cv\surface_curve.curve_3d) THEN
REPEAT (= 1 TO SIZEOF
(cv\surface_curve.associated_geometry);

(*) do for one or two associated_geometrys:
*
)

IF "AIC_NON_MANIFOLD_SURFACE.SURFACE’ IN
TYPEOF (cv\surface_curve.associated_geometry[i]) THEN
IF NOT nmsf_surface_check

(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
END IF;

ELSE
IF "AIC_NON_MANIFOLD_SURFACE.PCURVE' IN TYPEOF
(cv\surface_curve.associated_geometry[i]) THEN
IF NOT nmsf_curve_check
(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
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END_IF;
END_IF;
END_IF;
END_REPEAT;
RETURN(TRUE);
END_IF;
ELSE

(* a polyline shall have at least 3 points
*)

EN
(*

RH
ENI

(*

Arg

IF 'AIC_NON_MANIFOLD_SURFACE.POLYLINE' IN TYPEOF(cv) THEN
IF (SIZEOF (cv\polyline.points) >= 3) THEN RETURN (TRUE);
END_IF,;
END_IF,;
END_IF;
END_IF;
END_IF;
END_IF;
END_IF,;
ND_IF;
D_IF;
FALSE is returned if the input parameter cv is not a valid- cufve.

TURN (FALSE);
D FUNCTION;

Ument definitions

Cv:
con

BO

The
mal
suc

(input) arepresentation_itemthat is.supposed to beaarve that is checked for being valid in
text of anon_manifold_surface_shapé representatian

DLEAN: (output) is TRUE if theepresentation_itemis a validcurve; else FALSE.

2 nmsf_surface check

nmsf_surface _checkfunction checks aurface instance for validity in the context of aon |
nifold_surfaceSshape_representation All geometry that is referenced by thi&urface instanc
h as othecun/es andsurfaces, are also validated.

EXAMRLE One of the constraints that is validated by this function is whether the self-intersection
b_“spline_surfacdanstance is set to TRUE, FALSE, or UNKNOWN; only FALSE and UNKNOWN are

the

flag of a
balid.

Where appropriate an instance is investigated recursively. This mearsifaee references another
surfaceas a basis surface or parent surfacertimsf_surface_checKunction is called again. If aurve

is referenced, themsf_curve_checkfunction is called. The recursive process terminates at entity types
that do not reference argurves orsurfaces.

©|
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The following surface types and their subtypes are within the scope afdhemanifold_surface -

shal

pe_representatiorand are, thus, valid input to this function:
b_spline_surface
elementary_surface

offset_surface

Twd
and

Sw
The
cur

surface_replicg

swept_surface

of thesesurfacetypes reference basis or parentfaces. Theparent_surfaceofasurface_replic
thebasis_surfaceof anoffset_surfaceshall both be of one of the following-types:

b_spline_surface
elementary_surface
offset_surface(recursive);
surface_replica(recursive);

swept_surface

NOTE 1- This function applies to those entity types that are marked in the list above a recursiv
to check their entity references for validiinstantiations.

non_manifold_surface_shape ‘representatiomequires the same constraints on valid swe

shape_representatiorare valid aswept_surface.swept_cung

The

Thig
mal
turn

attributeself_interséctshall for B-spline and offset geometry be set to FALSE or UNKNOWN

b function rettirns TRUE, if the types of all referenced geometries are within the scopenairtf
nifold_surface _shape_representatiomnd if all constraints are fulfilled, otherwise the functio
s FALSE.

bpt_surface referenceurves. Fuhctiornmsf_curve_checkis called for validation of theseurves.

es as specified in 1ISO _10303-42. Alirves that are in the scope ofreon_manifold_surface |

D

P process

eping

je
N re-

NAOTE 2 - This functiondoes not check the correctness of references with rncpnhf to reg rement

5 specified

20

by ISO 10303-42. Only additional requirements due to the scope afdhemanifold_surface_shape_re-

presentationare checked.
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EXPRESS specification

*)
FUNCTION nmsf_surface_check (surf : surface) : BOOLEAN;

(* This functio n verifie s the valdit y of a surfac e in the
context of a non-manifold surface model.

)

(1 elementary_surfaces are valid surface types
)
IF "AIC_NON_MANIFOLD_SURFACE.ELEMENTARY_SURFACE’' IN TYPEOF(surf) THEN
RETURN(TRUE);

HLSE

(* a swept_surface shall have a valid sweeping curve

%)

IF "AIC_NON_MANIFOLD_SURFACE.SWEPT_SURFACE' IN TYPEOE (surf) THEN
RETURN (nmsf_curve_check(surf\swept_surface.swept_curve));

ELSE

(* an offset_surface shall not self-intersect and shall
reference a valid surface
*
)
IF (CAIC_NON_MANIFOLD_SURFACE.OFFSET_SURFACE’' IN TYPEOF (surf)) AND
(surfloffset_surface.self_intersect = FALSE) _OR
(surfioffset_surface.self_intersect = UNKNOWN)) THEN
RETURN (nmsf_surface_check(surfloffset*surface.basis_surface));
ELSE

(* a surface_replica shall have a- valid parent surface

*

)

IF "AIC_NON_MANIFOLD \SURFACE.SURFACE_REPLICA’ IN TYPEOF(surf) THEN
RETURN(nmsf_surface -check(surf\surface_replica.parent_surface));

ELSE
(* a b_splinensurface shall not self-intersect
*)
IF (CAICSNON_MANIFOLD_SURFACE.B_SPLINE_SURFACE’ IN TYPEOF(surf))
AND

FALSE) OR
UNKNOWN)) THEN

(surf\b_spline_surface.self_intersect
(surf\b_spline_surface.self intersect
RETURN(TRUE);
END_IF;
END_IF;

END_TF;
END_IF;
END_IF;
RETURN(FALSE);
END_FUNCTION;

(*

© 1SO 2001 — All rights reseved
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Argument definitions

surf. (input) thesurfacethat is being checked for a val@lirfacein anon_manifold_surface_shape_-
representation

BOOLEAN: (output) is TRUE if thesurfaceis a validsurface else FALSE.
%)

END_SCHEMA; -- aic_non_manifold_surface

(*
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Annex A
(normative)

Short names of entities

Table A.1 provides the short names of entities specified in this part of ISO 10303. Requirements on the
use of the short names are found in the implementation methods included in ISO 10303.

Table A.1 — Short names of entities

\ Entity name | Short nante|
| NON_MANIFOLD_SURFACE_SHAPE_REPRESENTATIOMMSSR - |
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Annex B
(normative)

Information object registration

Document identification

To ﬂ)rovide for unambiguous identification of an information object in an open system, the objeq

fier

is a
des

B.3

To |
tem

isa
in 19

cribed in ISO 10303-1.

D

, the object identifier

{iso standard 10303 part(508) version(1) }

5signed to this part of ISO 10303. The meaning of this value is defined i\ ISO/IEC 8824-

Schema identification

provide for unambiguous identification of the aic-non-manifold-surface in an open informat

{iso standard 10303 part(508) version(1) object(1) aic-non-manifold-surface(1) }

Esigned to thaic_non_manifold_surfaceschema(see clause 4). The meaning of this value is g
5O/IEC 8824-1, and is described in ISO 10303-1.

t identi-

1, and is

on sys-

efined

24
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Annex C
(informative)

EXPRESS-G diagrams

Figures C.1 through C.22 correspond to the EXPRESS generated from the short listing given in clause 4
using the interface specifications of ISO 10303-11. The diagrams use the ES®¥5 graphical nota-
tion[for the EXPRESS language. EXERS-G IS defined In annex D of ISW303-1T.

NOTE 1- The following select types are interfaced into the AIC expanded listing according te' the|implicit
interface rules of ISO 10303-11. These select types are not used by other entities in this@art of ISQ 10303.

— curve_on_surface;

— founded_item_select;

— geometric_set_select;

— measure_value;

— reversible_topology;

— reversible_topology_item;
— shell;

— surface_model;

— transformation;

— trimming_select;

— vector_or_diregtion.

© 1SO 2001 — All rights reseved 25
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NOTE 2 - The following entity types are interfaced into the AIC expanded listing according to the implicit
interface rules of ISO 10303-11. These entity types are not used by other entities in this part of ISO 10303
and are not intended to be instantiated independently.

— composite_curve;
— composite_curve_on_surface;

— compOQite_cu rve_seament'

— oriented_closed_shell;

— oriented_open_shell.
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