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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, Pait'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 10303-509 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 construgts, 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 this de-
scription makes it suitable not only for neutral file exchange, but also as a basis for implementing and
sharing product databases and archiving.

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
interpreted construct is a common interpretation of the integrated resources that supports shared infor-
mafion requirements among application protocols.

Thi$ document specifies the application interpreted construct<or the description of geometric shapes
by means of manifold surface models. It includes the geemetric and topological resources|to define
2-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 satisfyrequireme
cription of geometric shapes by means of 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 pcufves or cons, which are acronyms for parametrised
and curve on surface.

e elementary curves line, circle, ellipse, parabola, and hyperbola;

lylines that consist of atteast three points;
b elementary surfages plane, cylinder, cone, torus, and sphere;
ept surfaces created by rotation or linear extrusion of a curve;

Liptured-carves and surfaces;

— trimming 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;
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2-manifolds.
following are outside the scope of this part of ISO 10303:

unbounded geometry;

self-intersecting geometry;

2

The
pro
anyj
are
mel

app

1SO
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ISQ
exc

ISG
exc

ISG
exc

1SQ
exc

geometry ma 2D cartesian coordimate space;
replication of points;
topology without an association to a corresponding geometric domain;

non-manifolds.

Normative references

encouraged to investigate the possibility of applying the most recent editions of the norma:l
hts indicated below. For undated references, the\latest edition of the normative document
lies. Members of ISO and IEC maintain registers of currently valid International Standards.

IEC 8824-1:198, Information technology >~ Abstrac Syntax Notation One (ASN.1): Specification
asic notation.

10303-1:1994)ndustrial automation systems and integration — Product data representati
hange — Part 1 : Overview and fundamental principles.

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

10303—-41:1994ndustrial automation systems and integration — Product data representati
hange — Part41 : Integrated generic resources: Fundamentals of product description and s

10303—42:1994|ndustrial automation systems and integration — Product data representati
hange — Part 42 : Integrated generic resources: Geometric and topological representation.

following normative documents contain provisions whichythrough reference in this text, constitute
isions of this part of ISO 10303. For dated references,‘subsequent amendments to, or reyisions of,
of these publications do not apply. However, parties toragreements based on this part of 15O 10303

jve docu-
eferred to

bn and

on and

on and

Ipport.

on and

IS

exchange — Part 43 : Integrated generic resources: Representation structures.

T0303-43:1994]ndusfrial automation systems and integration — Product data representafion and

ISO 10303-202:1996Industrial automation systems and integration — Product data representation and
exchange: — Part 202: Application protocol: Associative draughting.

NOTE - IS0 10303-202 is referenced normatively solely for the definition of the term AIC.
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1SO 10303-511:200, Industrid automation systens and integration — Produd data representatio and
exchange — Part 511 : Application interpreted construct: Topologically bounded surface.

3 Terms, definitions, and abbreviations

3.1 Terms defined in ISO 10303-1

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;

— Lstructure.

© 1SO 2001 — All rights reseved 3
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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 manifold surface representations that consist of elementary or sculptured curves and
surfaces. The highest level entity of this part of ISO 10308asifold_surface_shape_representation

A manifold_surface_shape_representatiolis bounded. The bounding of the geometry is achieved by
topological entities, such agrtex, 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_manifold_surface;
USE FROM aic_topologically_bounded_surface; -- ISO 10303-511
USE FROM geometric_model_schema ( -- 1SO 10303-42
shell_based_surface_maodel);
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_closed_shell);

(*

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
topology_schema ISO 10303-42

4. —Fundamentat-conceptsandassumptions

Theg following entities are intended to be independently instantiated in the application pratecol schemas
that use this AIC:

manifold_surface_shape_representation.

4.2 aic_manifold_surface schema entity definition:
manifold_surface shape representation

A npanifold_surface_representationdescribes the shape or pertions of the shape mioduct using
2-manifolds with boundaries.

NOTE 1- 2-manifolds are topologically constrained.in‘a way that makes them suitable for inclusgion into
solid representations. Within a 2-manifold, for example, only a maximum ofaees may share the sgme
edge

NOTE 2 - Entityproduct is not included in.this part of ISO 10303.

A njanifold_surface_shape_representatiors ashape_representatioras defined in ISO 10303-41 that
congists of one or marghell_based ‘surface_modgl Eachshell _based_surface_modes$ built up g
open_shek andclosed_sheB which are sets dfaces. Connected_face_setwhich is the supertype
of gpen_shelland closed_shelhshall not be instantiatedFaces useedges andvertexs; all of thege
shall reference geometric entities suctpasts, curves, andsurfaces. The link between topology and
geametry may be established by either udmgce _surfaceor advanced_faceas defined in ISO 10303-
511 The two options.differ both in the selection of vatidint, curve, andsurface subtypes and|in
congtraints on reférences to underlying geometry.

—h

NOTE 3¢ 'The representation édce_surface asadvanced_face is recommended for manifold surface

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

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_poinsk is excluded.

All unbounded geometry shall be trimmed by using topological constructs.

© 1SO 2001 — All rights reseved 7
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Theitems of a manifold_surface_shape_representatiomay also be of typenapped_item which is
defined in 1ISO 10303-43, axis2_placement_3dThese are used to assemble one or seveaaifold_-
surface_shape_representationinto one othemanifold_surface_shape_representation

The WHERE-rules of this entity restrict the use of the entity data types that are imported from 1ISO 10303-
42 and ISO 10303-43 according to the statements above. Some of these validations of entity type and
constraints are specified in the following two functions:

mst curnze chaelke
RSI—GHHY HEeGK

msf_surface_check

In WR6 and WR10 below, these functions validate theves andsurfaces of all edges@andfaces that
are|in the scope of manifold_surface_shape_representatiomxcept for those that are in the refergnce
treq of anadvanced_facethe geometry of andvanced_faces validated by a different set of rules. [The
fungtions automatically assess all underlying geometry; for this they are called recursively.

EXAMPLE A pcurve may reference both eurve and asurface Functioghmsf _curve checkvalidatés

not only thepcurve, but also this underlying geometry. It will, therefore, not only call itself, but ais |
surface_check

NOTE 4 - This part of ISO 10303 does not include a function for the validatigooafts and their un-
derlying curves andsurfaces. This is because atlurvescandsurfaces of amanifold_surface_shapqg -
representation are referenced fromdges andfaces andsare, thus, covered by the two existing fun¢tions
already.

NOTE 5- An application protocol that uses this part of ISO 10303 should explicitly permit thsttépe | -
representationentity may be instantiated agy@@nifold_surface_shape_representation

EXPRESS specification

*
)
ENTITY manifold_surface~shape_representation
SUBTYPE OF (shape-representation);
WHERE
VR1: SIZEOF {QUERY (it <* SELF.items |
NOT (SIZEOF (AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL'’,
"AICMANIFOLD_SURFACE.MAPPED_ITEM’,
'AlS."MANIFOLD_SURFACE.AXIS2_PLACEMENT_3D’] * TYPEOF (it)) = 1))) = O;
WR2; SIZEOF (QUERY (it <* SELF.items |
SIZEOF ([AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’,
ATC_MANIFOLD_SURFACE-MAPPED _ITEMY TYPEOF () = 1)) = ©O;
WR3: SIZEOF (QUERY (mi <* QUERY (it <* SELF.items |
"AIC_MANIFOLD_SURFACE.MAPPED_ITEM’ IN TYPEOF (it)) |
NOT ((CAIC_MANIFOLD_SURFACE.MANIFOLD_SURFACE_SHAPE_REPRESENTATION’

IN TYPEOF (mi\mapped_item.mapping_source.mapped_representation))
AND

(SIZEOF(QUERY (mr_it <*

=

8 © 1SO 2001 — All rights reseved
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mi\mapped_item.mapping_source.mapped_representation.items |
(AIC_MANIFOLD_SURFACE.SHELL_BASED_ SURFACE_MODEL’
IN TYPEOF (mr_it)))) > 0 )))) = 0;
WR4: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (sh <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (AIC_MANIFOLD_SURFACE.OPEN_SHELL’,
'AIC_MANIFOLD_SURFACE.ORIENTED_CLOSED_SHELL’,
'AIC_MANIEQI D SUREACE CI QSED _SHFEI | ]
* TYPEOF (sh)) = 1))) = 0))) = O;
WR5: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (if)),|
NOT (SIZEOF (QUERY (cfs <*
sbsmishell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected face set.cfs_faces |
NOT (AIC_MANIFOLD_SURFACE.FACE_SURFACE’' IN TYPEOF (fa))+)) = 0)))
=0) = 0
WR6: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL;IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <* cfs\connected face set¢fs faces |
NOT ((CAIC_MANIFOLD_SURFACE.ADVANCED_FACE"YIN TYPEOF (fa))
OR
(msf_surface_check(fa\face_surface.face_geometty))))) = 0)))
=0) = 0
WR7: SIZEOF (QUERY (sbsm <* QUERY (it <*“SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NOT (SIZEOF (QUERY (fa <*“¢&fs\connected face set.cfs_faces |
NOT (CAIC_MANIFOLD_SURFACE.ADVANCED FACE’ IN TYPEOF (fa))
OR
(SIZEOF (QUERY (bnds\ <* fa.bounds |
NOT (SIZEOF (AIG_MANIFOLD_SURFACE.EDGE_LOOP’,
'AIC_MANIFOLD_SURFACE.VERTEX_LOOP]
* TYPEOF (bnds:bound)) = 1))) = 0)))) = 0))) = 0))) = 0;
WRS8: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items|
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (StZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |
NQT (SIZEOF (QUERY (fa <* cfs\connected face set.cfs_faces |
NOT ((CAIC_MANIFOLD_SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))
OR
(SIZEOF (QUERY (elp fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds\path.edge list |
NOT (AIC_MANIFOLD_SURFACE.EDGE_CURVE' IN TYPEOF
(oe.edge_element)))) = 0))) = 0)))) = 0))) = 0))) = 0;
WR9: SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |

© 1SO 2001 — All rights reseved 9
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NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face set.cfs_faces |

NOT (CAIC_MANIFOLD_SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))

OR

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFOLD_SURFACE.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |

NOT (SIZEOF (QUERY (oe_cv <* QUERY (oe <*

elp_fbnds\path.edge_list |

'AIC_MANIEQI D _SURFACE EDGE_CURVE’ IN TYPEQE (ae edge element)) |

WR10:

WR11:

NOT (SIZEOF ([AIC_MANIFOLD_SURFACE.B_SPLINE_CURVFE’,
'AIC_MANIFOLD_SURFACE.CONIC,
'AIC_MANIFOLD_SURFACE.CURVE_REPLICA’,
'AIC_MANIFOLD_SURFACE.LINE',
'AIC_MANIFOLD_SURFACE.OFFSET_CURVE_3D’,
'AIC_MANIFOLD_SURFACE.PCURVFE’,
'AIC_MANIFOLD_SURFACE.POLYLINE’,
'AIC_MANIFOLD_SURFACE.SURFACE_CURVET *

TYPEOF (oe_cv.edge_element\edge_curve.edge_geometry))

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

SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected_face set.cfs_faces |

NOT ((CAIC_MANIFOLD_SURFACE.ADVANCED“FACE’' IN TYPEOF (fa))
OR

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

NOT (msf_curve_check (oe.edge :€lement\edge_curve.edge_geometry))))
= 0) =0)) = 0)) = 0)) =G

SIZEOF (QUERY(sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE:SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY'\(cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected face set.cfs_faces |

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

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

NOT _((AIC_MANIFOLD_SURFACE.VERTEX_POINT’ IN TYPEOF
(oe.edge_element.edge_start))

AND

(CAIC_MANIFOLD SURFACE.VERTEX POINT’ IN

WR12:

10

TYPEOF (oe.edge_element.edge_end)))))

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

SIZEOF (QUERY (shsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL BASED SURFACE_MODEL’' IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*

sbsm\shell_based_surface_model.sbsm_boundary |
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NOT (SIZEOF (QUERY (fa <* cfs\connected_face_set.cfs_faces |

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

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

NOT ((SIZEOF ([AIC_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE’,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE,

'AIC_MANIEQI D SUREACE POINT_ON _SURFEACE’] * TYPEQE

ENI

R13:

R14:

D ENTITY;

(oe.edge_element.edge_start\vertex_point.vertex_geometry)) = 1)

AND

(SIZEOF ('AIC_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE’,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE,
'AIC_MANIFOLD_SURFACE.POINT_ON_SURFACE’] * TYPEOF
(oe.edge_element.edge_end\vertex_point.vertex_geometry)) = 1

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

SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL;IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfs <*
sbsm\shell_based_surface_model.sbsm_boundary |

NOT (SIZEOF (QUERY (fa <* cfs\connected face seti¢fs _faces |

NOT ((CAIC_MANIFOLD_SURFACE.ADVANCED_FACE"YIN TYPEOF (fa))
OR

(SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds\<* fa.bounds |
'AIC_MANIFOLD_SURFACE.VERTEX_LOORA~IN TYPEOF (bnds.bound)) |
NOT (AIC_MANIFOLD_SURFACE.VERTEXPOINT' IN TYPEOF
(vlp_fbnds\vertex_loop.loop_vertex)))) = 0)))) = 0)))

=0) = 0;

SIZEOF (QUERY (sbsm <* QUERY (it <* SELF.items |
'AIC_MANIFOLD_SURFACE.SHELL_BASED_SURFACE_MODEL’ IN TYPEOF (it)) |
NOT (SIZEOF (QUERY (cfsh\g*

sbsm\shell_based_surface_ medel.sbsm_boundary |

NOT (SIZEOF (QUERY'\(fa <* cfs\connected_face_ set.cfs_faces |

NOT ((CAIC_MANIFOLD: SURFACE.ADVANCED_FACE’ IN TYPEOF (fa))
OR

(SIZEOF (QUERYj) (vlp_fbnds <* QUERY (bnds <* fa.bounds |
'AIC_MANIFQED SURFACE.VERTEX_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEQF (AIC_MANIFOLD_SURFACE.CARTESIAN_POINT’,
'AIC_MANIFOLD_SURFACE.DEGENERATE_PCURVE’,
'AIC_MANIFOLD_SURFACE.POINT_ON_CURVE',

'AIC._ MANIFOLD_SURFACE.POINT_ON_SURFACE’] * TYPEOF
(vip_fbnds\vertex_loop.loop_vertex\vertex_point.vertex_geometry))

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

(*
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For

mal propositions

WR1: Theitemsin amanifold_surface_shape_representatioshall beshell based_surface_mods)
mapped_itens, oraxis2_placement_3d.

NOTE 6 - Axis2_placement_3ds a validmapped_item.mapping_target To include anotherepresen-

tation into the list ofitems of a manifold_surface_shape_representatiofsee WR3 for validnapped_

items), themapped_item.mapping_source.mapping_origimay be any entity that is geometrically foun-

ded in thegeometrlc representatlon contexof the mapped_ representauon If this ent|ty is anaxis2_

presentatlon corresponds to a transformation matrix with only translation and rotatlon enabledaifd
sian_transformation_operator_3dis used asnapping_origin, scaling and mirroring are possible;

WR2: At least one of théemsin a manifold_surface_shape_representatioshall be eithier-ghell_
based surface_modebr amapped_item

WRB3: If there is amapped_itemin a manifold_surface_shape_representationthemapped_repre

sen

ftation of its mapping_sourceshall also be ananifold_surface_shape_representation

WR4: The boundary of ahell_based_surface_modgthat is its attributesSbsm_boundary shall b

defi
not

ned by using onlppen_shek, closed_shel, ororiented_closed_shedl-oriented_open_shel af
valid.

WR5: A faceshall be instantiated asface_surface this may in¢lude thedvanced_facesubtype. A
orignted_faceis not a valid instantiation of tace

WR6: All basis geometry that is referenced syrfaces shall be either within the reference tree
advianced_faceor shall be valiccurves andsurfaces.

Thebasis_surfaceof anoffset_surfaceshall be either aelementary surface b_spline_surface offt
set |

—

| surface swept_surface or surface_replica

Theg parent_surface of a surface_replicashall be either arelementary_surface b_spline_surfac
offset_surface swept_surface or surface” replica

Thg swept_curve of a swept_surfaceshall be either dine, conic, pcurve, surface_curve offset |

cur

Theg attributeself_intersect shall be set to FALSE or UNKNOWN fob_spline_surfacs and offt
set |

e _3d b_spline_curve polyline, or curve_replica

[ surfacs.

NOTE 7 - Asutfaceis validated against these constraints by the funatish surface_check

WRJ7: Thebound of aface_bound which is referenced fromface shall be either within the refere
tred of anadvanced_faceor shall be aredge_loopor avertex_loop.

WRS8: 4 he geometry of a boundingdge that is theedge_elemenbf anoriented_edge shall be eith
withifn‘the reference tree of aadvanced_faceor shall be aredge_curve

D

pf an

1%

nce

WR9: Thecurve used to define the geometry of adge that is theedge_geometryof anedge_curve
of anedge shall be either & spline_curve aconic, acurve_replica, aline, anoffset_curve 3d a

pcu

rve, apolyline, asurface_curve or acurve in the reference tree of aadvanced_face

WR10: All basis geometry that is referenced byrves shall be either within the reference tree of an
advanced_faceor shall be valiccurves andsurfaces.

12
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The parent_curve of a curve_replica shall be either dine, conic, pcurve, surface_curve offset_-
curve_3d b_spline_curve polyline, or curve_replica

The basis_curveof an offset_curve_3dshall be either dine, conic, pcurve, surface curve off-
set_curve_3db_spline_curve polyline, or curve_replica

Thecurve_3dof asurface_curveshall be either éine, conic, offset_curve_3d b_spline_curve poly-
line, or curve_replica

The basis_surfaceof a surface_curveshall be either & _spline_surface elementary_surface off-
set [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 @ndoffset |
curye_3dk.

NOTE 8- Acurveis validated against these constraints by the funatish curve ~check

WRJ11: The edge_startand edge_endof an edgeshall be either within the ‘reference tree of ol
vanced_faceor shall bevertex_points.

WRJ12: 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 ar
dedenerate_pcurve

WR13: Theloop_vertexof avertex_loopshall be either within the reference tree ofatvanced_fage
or ghall be avertex_point.

WR14: Thevertex_geometryof avertex that is part of avertex_loop shall be either within the refer-
ence tree of amdvanced_faceor shall be acartesian_point point_on_curve point_on_surface aor
degenerate_pcurve

Infgrmal propositions

IP1| The portion of ab_splingcurvethat is within the topological domain of manifold_surface |
shape_representatiorshall hot self-intersect.

IP2| The portion of &hCspline_surfacethat is within the topological domain ofraanifold_surface |
shape_representatiorshall not self-intersect.

IP3| The portion{of aroffset_curve_3dthat is within the topological domain ofraanifold_surface |
shape_representatiorshall not self-intersect.

IP4] The/portion of aroffset_surfacethat is within the topological domain of manifold_surface |
shape_representatiorshall not self-intersect.

IP5: If a face has only one connected outer bound, the corresponidioy shall be represented as

face_outer_bound If the outer bound is not connectddce outer _boundshall not be used.

© 1SO 2001 — All rights reseved 13
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4.3 aic_manifold_surface function definitions

This section describes functions required to formulate constraints for the aic_manifold_surface schema.
These functions are used in the specification of the entipifold_surface_shape_representation

4.3.1 msf_curve_check

The msf_curve_checkfunction checks aurve instance for validity in the context of manifold_-

surface—shape_TepresentatiomAttgeometry that s referenced by thismve instance;, sucthras other

cuny

Wh
cun
refd
that

The
rep

Fod

es andsurfaces, are also validated.

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

bre appropriate an instance is investigated recursively. This meansuivenreferences anot
e as a basis curve or parent curve, thef _curve_checkfunction is called again. If surfacei
renced, thensf_surface_checkunction is called. The recursive process terminates at entity
do not reference armurves orsurfaces.

following curve types and their subtypes are within the s€ope ofntdrgifold_surface_shape|

esentationand are, thus, valid input to this function:
b_spline_curve

conic,

curve_replica;

line;

offset_curve 3d

pcurve;

polyline;

surface_curye

r of théseurve types reference basis or parentves. The lists below indicate the valid referer

flag of a
alid.

ner

U7

types

ces.

NOTE 1 - This function applies to those entity types that are marked in the lists below a recursiv

P process

to check their entity references for valid instantiations.

Theparent_curve of acurve_replicaand thebasis_curveof anoffset_curve_3dshall be of one of the
following types:

14
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— conic;

curve_replica (recursive);

— line;

offset_curve_3d(recursive);

—pcune (rpm II’Qi\ID);

polyline;

surface_curve(recursive).

Thg one instance in the setitéms of a definitional_representation that is referenced agference |
to_¢urve by apcurve shall be of one of the following types:

b_spline_curve

— conic;

curve_replica (recursive);

— linge;

polyline.

Thgcurve_3dof asurface_curveshall be of‘one of the following types:

b_spline_curve

— conic;

curve_replica (recursive);

— line;

offset_cupve 3d(recursive);

polyline;

surface_curve(recursive).
Pcurve andsurface _curvereferencesurfaces. Functionmsf _surface checks called for validation of

thesesurfaces. Themanifold_surface_shape_representatiomequires the same constraints on valid
surfacereferences fopcurves andsurface_curves as specified in ISO 10303-42.

© 1SO 2001 — All rights reseved 15
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A valid polyline shall consist of at least threartesian_poins.

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

This function returns TRUE, if the types of all referenced geometries are within the scoperoéthe
ifold_surface _shape_representatiorand if all constraints are fulfilled, otherwise the function returns

FALSE.

NOTE 2 - This function does not check the correctness of references with respect to SO 10303-42. Only

additional requirements due to the scope ofrttemifold_surface_shape_representatioare checked!

EXPRESS specification

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

(* [This functio n verifie s the valdit y of a curv e in the~contex t of a
manifold surface model. Representation_items are

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

this function will return false.

)

(* domplex subtypes of curve that are both bounded_curve and
oneof conic, curve_replica, line, or offset curve.3d-”are not
valid

IF $IZEOF ([AIC_MANIFOLD_SURFACE.BOUNDED_CURVE’,
'AIC_MANIFOLD_SURFACE.CONIC’,
'AIC_MANIFOLD_SURFACE.CURVE_REPLICA’, 'AIC_MANIFOLD_SURFACE.LINE,
'AIC_MANIFOLD_SURFACE.OFFSET-CURVE_3D’] * TYPEOF(cv)) > 1 THEN
RETURN(FALSE);

END_IF;

(* B_spline_curves shall not_self-intersect

IF (CAIC_MANIFOLD_SURFACE.B_SPLINE_CURVE’ IN TYPEOF (cv)) AND

(¢v\b_spline_curyve:self_intersect = FALSE)OR
(¢v\b_spline_curve'self_intersect = UNKNOWN)) THEN
RETURN(TRUE);

ELSE

(1 conics and lines are valid curve types
)

IF SIZEOF (AIC_MANIFOLD_SURFACE.CONIC’, 'AIC_MANIFOLD_SURFACE.LINE’]
* TYPEOF (cv)) = 1 THEN
RETURN(TRUE);

ELSE

(* a curve_replica shall reference a valid curve

16 © 1SO 2001 — All rights reseved
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*)

IF 'AIC_MANIFOLD_SURFACE.CURVE_REPLICA’ IN TYPEOF(cv) THEN
RETURN (msf_curve_check(cv\curve_replica.parent_curve));

ELSE

(* an offset_curve_3d shall not self-intersect and
shall reference a valid curve; a polyline is not a
valid basis_curve
*
IF)((’AI(‘_MANIFOI D_SURFACE OFESFT CURVE 3D’ IN TYPEOE (cv))
AND
((cv\offset_curve_3d.self_intersect = FALSE) OR
(cv\offset_curve_3d.self_intersect = UNKNOWN))
AND
(NOT (AIC_MANIFOLD_SURFACE.POLYLINE' IN TYPEOF
(cv\offset_curve_3d.basis_curve)))) THEN
RETURN (msf_curve_check(cv\offset_curve_3d.basis_curve));
ELSE

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

basis_surface

*)

IF 'AIC_MANIFOLD_SURFACE.PCURVE' IN TYPEOF(cv) THEN
RETURN ((msf_curve_check
(cv\pcurve.reference_to_curvelrepresentation.items[1])) AND
(msf_surface_check(cv\pcurve.basis_surface))),

ELSE

(* a surface_curve references a cufye_3d and one or
two pcurves or one or two surfaces or one of
each; all of these references shall be valid
*)
IF 'AIC_MANIFOLD_SURRFACE.SURFACE_CURVE' IN TYPEOF(cv) THEN

(* if the curve reference is correct, check also the rest
*)
IF msf_curve_check(cv\surface_curve.curve_3d) THEN
REPEAT)i := 1 TO SIZEOF
(cvisurface curve.associated _geometry);

(* do for one or two associated_geometrys:
*
)
IF 'AIC_MANIFOLD_SURFACE.SURFACE’ IN
TYPEOF (cv\surface curve.associated_geometry[i]) THEN
IF NOT msf_surface_check
(cv\surface curve.associated geometry[i]) THEN
RETURN(FALSE);
END_IF;
ELSE
IF 'AIC_MANIFOLD_SURFACE.PCURVE' IN TYPEOF
(cv\surface_curve.associated_geometry[i]) THEN
IF NOT msf_curve_check
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(cv\surface_curve.associated_geometry[i]) THEN
RETURN(FALSE);
END_IF;
END_IF;
END_IF;
END_REPEAT;
RETURN(TRUE);
END_IF;
ELSE

(* a polyline shall have at least 3 points
*
)
IF "AIC_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;
BND_IF;
END_IF;
(* BALSE is returned if the input parameter cv is not a valid\curve.

RETURN (FALSE);
ENI)_FUNCTION;

(*

Argument definitions

cv: [(input) arepresentation_itemthat is supposed to becarve that is checked for being valid in fthe
context of amanifold_surface_shape_representation

BOQLEAN: (output) is TRUE.f therepresentation_itemis a validcurve; else FALSE.

4.3.2 msf_surface_check

Thgmsf_surfaceé checkfunction checks aurfaceinstance for validity in the context of manifold_|
surface_shape' representationAll geometry that is referenced by trgésirface instance, such as other
curyes andsurfaces, are also validated.

EXAMPLE One of the constraints that is validated by this function is whether the self-intersection|flag of a
b_spline_surfacenstance is set to TRUE, FALSE, or UNKNOWN; only FALSE and UNKNOWN are valid.

Where appropriate an instance is investigated recursively. This mearsifae references another
surface as a basis surface or parent surfacerttsé_surface_checkfunction is called again. If aurve

is referenced, thensf_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 ohémifold surface_shape_-
representationand are, thus, valid input to this function:

b_spline_surface
elementary_surface

offset_surface

Twd
and

Sw
Theg
as 9
tatiq

Theg
Thig

ifolg
FAL

surface_replicg

swept_surface

of thesesurfacetypes reference basis or parentfaces. Theparent_surfaceof asurface_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.

bpt_surface referenceurves. Functionmsf_curve_checkis called for validation of theseurves.

manifold_surface_shape_representatiomequires the same constraints on valid sweeping
pecified in ISO 10303-42, Adurves that are in the scope ofraanifold_surface_shape_represe
n are valid aswept_surface.swept_cune

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 scoperoé

_surfacé._shape_representatiorand if all constraints are fulfilled, otherwise the function re
SE.

D

P process

curves
n_

Re
turns

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

5 specified
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EXPRESS specification

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

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

)

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

HLSE

(* a swept_surface shall have a valid sweeping curve

%)

IF "AIC_MANIFOLD_SURFACE.SWEPT_SURFACE' IN TYPEOF (surf) THEN
RETURN (msf_curve_check(surf\swept_surface.swept_curve));

ELSE

(* an offset_surface shall not self-intersect and shall

reference a valid surface

*

)

IF (CAIC_MANIFOLD_SURFACE.OFFSET_SURFACE' IN TYPEOF (surf)) AND
(surfloffset_surface.self_intersect = FALSE) _OR
(surfioffset_surface.self_intersect = UNKNOWN)) THEN
RETURN (msf_surface_check(surfloffsetisurface.basis_surface));

ELSE

(* a surface_replica shall have a- valid parent surface

*

)

IF "AIC_MANIFOLD_SURFRACE.SURFACE_REPLICA’ IN TYPEOF(surf) THEN
RETURN(msf_surface check(surf\surface_replica.parent_surface));

ELSE

(* a b_splinensurface shall not self-intersect
*

)

IF (CAICSMANIFOLD_SURFACE.B_SPLINE_SURFACE’ IN TYPEOF(surf)) AND
(surf\b_spline_surface.self_intersect = FALSE) OR
(surf\b_spline_surface.self_intersect = UNKNOWN)) THEN
RETURN(TRUE);

END_IF;

END_IF;
END_IF;
END_IF,;
END_IF;
RETURN(FALSE);
END_FUNCTION;

(*
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Argument definitions

surf. (input) thesurface that is being checked for a valisurface in a manifold_surface_shape_-
representation

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

END_SCHEMA,; -- aic_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 name|
| MANIFOLD_SURFACE_SHAPE_REPRESENTATIOMSSR _ (|
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Annex B
(normative)

Information object registration

B.1 Document identification

To ﬂ)rovide for unambiguous identification of an information object in an open system, the obje¢t identi-
fier

{iso standard 10303 part(509) version(1) }

is assigned to this part of ISO 10303. The meaning of this value is defined iR ISO/IEC 8824-1L, and is
described in ISO 10303-1.

B.2 Schema identification

To provide for unambiguous identification of the aic-manifold-sdrface in an open information system,
the [object identifier

{iso standard 10303 part(509) version(1) object(1) aic-manifold-surface(1) }

is apsigned to thaic_manifold_surfaceschema (see clause 4). The meaning of this value is defjned in
ISQ/IEC 8824-1, and is described in ISO 103031.
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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;
— surface_model;

— transformation;

— trimming_select;

— vector_or_direction.

NOTE 2 - The following entity types are interfaced into the AIC expanded listing according to the mplicit
interface rules of1SO 10303-11. These entity types are not used by other entities in this part of I$O 10303
and are not intended to be instantiated independently.

— composite_curve;

—+., “composite_curve_on_surface;

— composite_curve_segment;
— oriented_face;

— oriented_open_shell.
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