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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical com-
mittee has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates
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subject of patent rights. ISO shall not be held responsible for identifying any or all such patent rights.
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sely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical s
dization.

ernational Standards are drafted in accordance with the rules given in the ISO/IEC Diréctives, Par
e main task of technical committees is to prepare International Standards. DraftsInternational S
ds adopted by the technical committees are circulated to the member bodies\for voting. Publica
hn International Standard requires approval by at least 75% of the membef bodies casting a vote.

ention is drawn to the possibility that some of the elements of thisypart of ISO 10303 may be
ernational Standard ISO 10303-52 was prepared by Technical Committee ISO TC184/SC4. Auto

n systems and integration, Subcommittee SC4 Industrial data.

D 10303 is organised as a series of parts, each published separately. The structure of ISO 1030
cribed in ISO 10303-1.

Ch part of ISO 10303 is a member of one of the following series: description methods, impleme
h methods, conformance testing methodology and framework, integrated generic resources, integry

apilication resources, application protecols, abstract test suites, application interpreted constructs,

lication modules. This part is.a'member of the integrated generic resource series.

e integrated generic resources and the integrated application resources specify a single concep
duct data model.

omplete list of parts of ISO 10303 is available from Internet:
<http://www.tcl84-scd.org/titles/STEP_titles.rtf>

buld further parts of ISO 10303 be published, they will follow the same numbering pattern.
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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 products throughout
their life cycle. This mechanism is suitable not only for neutral file exchange, but also as a basis for
implementing and sharing product databases and as a basis for archiving.

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

—| mesh_topology_schema;
—| mesh_connectivity_schema.

—| mesh_function_schema.

The relationships of the schemas in this part of ISO 10303 to other s¢hemas that define the integrated
resources of this International Standard are illustrated in Figure 1 ‘using the EXPRESS-G notat{on.
EXPRESS-G is defined in ISO 10303-11. The schemas identified in the bold boxes are specifiedl in
thip part of ISO 10303. The support_resource_schema is specified in ISO 10303-41. The topology_-
sc}ema is specified in ISO 10303-42. The mathematicaloconstructs_schema and the mathematical_-

functions_schema are specified in ISO 10303-50. The.mathematical_description_of_distribution_-
schema is specified in ISO 10303-51. The structural_response_representation_schema is specified
in [SO 10303-104. The ISO13584_generic_expressions_schema is specified in ISO 13584-20. Ex¢ept
for] ISO13584_generic_expressions_schema( the schemas illustrated in Figure 1 are components of|the
intpgrated resources.

There are many applications that have to deal with massive amounts of data, which is normally numerjcal
in phature. The quantity of data.fmay be measured in gigabytes and in some cases terabytes. Examples
indlude computational fluid dynamics, dynamic simulation of vehicle behaviour, and experimental dlata
of many kinds ranging frem high energy physics to global weather measurements.

A major concern in-dealing with such data is to optimise the data representation and structure with respect
to fata transmisgjon’ and storage. As part of the optimisation, the data tends to be maintained in I3rge
arrpys where-any particular data element can be referenced by a simple index into the array. When|the
data is part-ef’a computer simulation the data is usually associated with a mesh of some kind — either
strpictured or unstructured. The data can be bound to the vertices of the mesh or to the cells of the m¢sh.
In paiy)case, it is also possible to represent the simpler kinds of meshes by an indexing scheme. Within
this part illustrative examples have been principally taken from the field of computational fluid dynamics.

This part of ISO 10303 provides general, application independent, means of representing indexible data
and meshes.

viii (©ISO 2011 — All rights reserved
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INTERNATIONAL STANDARD

ISO 10303-52:2011(E)

Industrial automation systems and integration — Product data
representation and exchange —

Part 52:
Integrated generic resource: Mesh-based topology

1

an
sch
11

Th

2

Th(ﬁs part of ISO 10303 provides general and application-independent means of repfésenting structy

Scope

unstructured meshes, and mathematical functions and numeric data defined ¢ver such meshes.
emas in this document are specified in the EXPRESS language; EXPRESS. is defined in ISO 103
e following are within the scope of this part of ISO 10303:
mesh-based topologies;
cell connectivity and multiblock mesh interfaces;
mathematical functions defined over meshes;
the association of numeric data with the«gells, faces, edges, and vertices of a mesh.
e following are outside the scope of this part of ISO 10303:
applications of mesh topologies;
applications of mesH ihterfaces;

the semantics-of-data associated with a mesh.

Normative references

red
The
03-

Th

e following referenced documents are indispensable for the application of this document. For d{

ited

references, only the edition cited applies. For updated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 10303-1, Industrial automation systems and integration — Product data representation and ex-
change — Part 1: Overview and fundamental principles.

ISO 10303-11, Industrial automation systems and integration — Product data representation and ex-
change — Part 11: Description method: The EXPRESS language reference manual.
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ISO 10303-41, Industrial automation systems and integration — Product data representation and ex-
change — Part 41: Integrated generic resource: Fundamentals of product description and support.

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

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

ISQ 10303-51, Industrial automation systems and integration — Product data representation and|ex-
change — Part 51: Integrated generic resource: Mathematical description.

ISQ 10303-104, Industrial automation systems and integration — Product data répresentation and|ex-
change — Part 104: Integrated application resource: Finite element analysis.

ISO 10303-110, Industrial automation systems and integration — Product-data representation and|ex-
change — Part 110: Integrated application resource: Mesh-based computational fluid dynamics.

ISO 13584-20, Industrial automation systems and integration <& “Parts library — Part 20: Logical re-
soyrce: Logical model of expressions.

3 | Terms, definitions and abbreviated.terms

3.1 Terms defined in ISO 10303-1

For the purposes of this document, the following terms defined in ISO 10303-1 apply.

—| application protocol (AP)
—| integrated resource

—| product

3.2 Terms defined in ISO 10303-110

For the purposes of this document, the following term defined in ISO 10303-110 applies.

— rind

2 (©ISO 2011 — All rights reserved
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33 Other terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.3.1
cell
manifold of dimensionality one or higher that is a part of, or the whole of, a mesh

332
cell edge
ong¢-dimensional manifold that is on the boundary of a cell and that joins two cell vertice§
3.33
cell face
two-dimensional manifold that is on the boundary of a cell and that is enclosed by one or more cell edges
3.34
cell vertex
vettex that is at the end of one or more cell edges
3.35
mgsh
arrpngement of cells with connectivity between the cells defined by the possession of common cell fgces
or pell edges
3.3.6
topological region
point set with a single topological diménsion
3.3.7
vertex
point within, or on the boundary of, a cell
NJTE 1 A vertex can, but need not, be a cell vertex.
NQTE 2 Inseme applications, particularly in finite element analysis, the word node is used as an equivalent term
to Yertex
3.4 Abbreviated terms

CFD computational fluid dynamics

URL Universal Resource Locator
©IS0O 2011 — All rights reserved 3
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4

Mesh topology

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

EXPRESS specification:

HEMA mesh_topology_schema;

REFERENCE FROM mathematical_description_of_distribution_schema
(property_distribution_description);

REFERENCE FROM mathematical_ functions_schema
(maths_space) ;

REFERENCE FROM structural_response_representation_schema
(element_order,
element_representation,
fea_model) ;

REFERENCE FROM support_resource_schema
(identifier,
label,
text);

REFERENCE FROM topology_schema
(topological_representation_item,
vertex, vertex_point);

NQTE The schemas referenced above can befeund in the following parts of ISO 10303:
mpthematical_description_of_distributien_schema ISO 10303-51
mpathematical_functions_schema ISO 10303-50
structural_response_representation,_schema ISO 10303-104
support_resource_schema ISO 10303-41
topology_schema 1SO 10303-42

4. Fundamental concepts and assumptions

A nesh is defined by its vertices and the connections between the vertices. A mesh is a connected gr3

4.1.1 Structured mesh

IS0

IS0

ISO

IS0

ISO

10303-51

10303-50

10303-104

10303-41

10303-42

iph.

In a~structured mesh the cells are arranged 1n a regular pattern and their shapes are implied by

particular kind of mesh.

the

A 3-D rectangular mesh is a mesh of hexahedral cells. Each cell is a dimensionality 3 hexahedral region
defined by eight vertices forming the corners of the hexahedron. Each cell is bounded by six faces, where
each face is the quadrilateral defined by four vertices. A face is limited by the four edges that connect
the four vertices.

(©ISO 2011 — All rights reserved
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(4,5 +1) (i+1,j+1) (i+2,5+1)

(1, 7) (1+1,5)

(2_4) (i-l-1j\ (i-l-‘)j\

0

Figure 2 — Example convention for a 2-D cell centre

(5.4)
o ¢ ¢ ¢ X
& e e - X
k- ¢ ¢ ¢ O X

oy L1 G 6.1)

Figure 3 — Example mesh with rinid vertices

A P-D rectangular mesh is a mesh of quadrilaterals. Each cell is a dimensionality two quadrilatpral
region defined by four vertices forming the corners of the quadrilateral. Each cell is limited by the four
edges that connect the four vertices.

A |-D mesh is of linear form. Each cell is a'dimensionality one linear region bounded by two vertices.

Indices describing a structured mesh(are ordered: for 3-D (i, 5, k); (4, ) is used for 2-D; and (¢)|for
1-D.

Cell centres, face centres, and edge centres are indexed by the minimum of the connecting vertices.

EXJAMPLE 1 For example a 2-D cell center (or face centre on a 3-D mesh) would have the conventions shpwn
in Figure 2.

In hddition, thedefault beginning vertex for a regular mesh is (1, 1, 1); this means the default beginiling
celll centre-ofa regular mesh is also (1, 1,1).

Thpfe-may be locations outside the mesh itself. These are referred to as ‘rind” or ghost points and may
be associated with fictitious vertices or cell centres. They are distinguished from the vertices and cells
making up the mesh (including its boundary vertices), which are referred to as ‘core’ points.

EXAMPLE 2 Figure 3 shows a 2-D mesh with a single row of ‘rind’ vertices at the minimum and maximum
i-faces. The mesh size (i.e., the number of ‘core’ vertices in each direction) is 5x 4. ‘Core’ vertices are designated
by ‘e’, and ‘rind’ vertices by ‘x’. Default indexing is also shown for the vertices.

©IS0O 2011 — All rights reserved 5
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For a mesh, the minimum faces in each coordinate direction are denoted -min, j-min and k-min; the
maximum faces are denoted i-max, j-max and k-max. These are the minimum and maximum ‘core’

fac

EXAMPLE 3

€S.

indexing is 1).

1—min is the face or mesh plane whose core vertices have minimum ¢ index (which if using default

4.
An
of

ma

Ea
Th|

A ¢

EX

.2 Unstructured mesh
unstructured mesh is composed of cells, where the cells need not form a regular pattern and the sh
the cells is not restricted to be uniform throughout the mesh. Cells have vertices at theirCorners

[y also have nodes on cell edges, cell faces, and in the interior of the cell.

Ch cell in an irregular mesh has at least one vertex in common with at least onie.other cell in the m
e connectivity and adjacency of the cells may be determined from the comimbon vertices.

Ch cell in an unstructured mesh is explicitly represented in terms of it$ shape and an ordered list o
tices. The vertices are implied rather than being explicitly represénted. Essentially all the vertice]
nesh can be mapped to a sequential list, and reference to a vépteX is then equivalent to specifying
ticular position in the list.

D mesh_topology_schema type definitions

D.1 cell_shape

bell_shape is an identifier of an unstructired mesh cell shape.

[PRESS specification:

EN

PE cell_shapews EXTENSIBLE SELECT
(cell_shape’ 0D,
cell shape_ 1D,
celll shape_2D,
celNl_shape_3D);
D_TYPE;

(*

ape
and

esh.

[ its
S in
the

4.2.2 cell_shape_0D

A cell_shape_0D is an identifier of a topologically 0-D unstructured mesh cell shape.
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EXPRESS specification:

*)

TYPE cell_shape_0D = EXTENSIBLE ENUMERATION OF
(single) ;

END_TYPE;

(*

Enphmerated item definitions:

single: singleton vertex.

4.2.3 cell_shape_1D

A ¢ell_shape_1D is an identifier of a topologically 1-D unstructured mesh-cell shape.

EXPRESS specification:

TYPE cell_shape_1D = EXTENSIBLE ENUMERAIION OF
(line) ;
ENp_TYPE;

Enbhimerated item definitions:

line: a topological line requiring 2 vertices.

4.2.4 cell_shape_2D

A ¢ell_shape_2D.is an identifier of a topologically 2-D unstructured mesh cell shape.

EXPRESS specification:

*)

TYPE cell_shape_2D = EXTENSIBLE ENUMERATION OF
(quadrilateral,
triangle);

END_TYPE;

(*
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Enumerated item definitions:

quadrilateral: four sided cell requiring 4 vertices;

triangle: three sided cell requiring 3 vertices;

NOTE 1 This type is defined as EXTENSIBLE to enable other 2D cell shapes to be added to the list as required
by particular applications.

4.2.5 cell_shape_3D

A ¢ell_shape_3D is an identifier of a topologically 3—D unstructured mesh cell shape,

EXPRESS specification:

*)
TYPE cell_shape_3D = EXTENSIBLE ENUMERATION OF
(hexahedron,
wedge,
tetrahedron,
pyramid) ;
END_TYPE;
(*
Enpimerated item definitions:

hexahedron: hexahedral (six quadrilateral faces) requiring 8 vertices;
wedge: pentahedral (three quadrilateral faces and two triangular faces) requiring 6 vertices;
tetrahedron: tetrahedralform (four triangular faces) requiring 4 vertices;

pyramid: pyramidal-form (one quadrilateral face and four triangular faces) requiring 5 vertices.

NQTE 1 This types defined as EXTENSIBLE to enable other 3D cell shapes to be added to the list as requiired
by particular applications.

4.2.6 indices_group

An indices_group is a selection of a group of indices into a multi-dimensional array.

EXPRESS specification:

*)
TYPE indices_group = SELECT
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(indices_1list,
indices_range);
END_TYPE;
(*

4.2.7 mesh_location

A mesh_location is an enumeration of locations with respect to a mesh.

EXPRESS specification:

TYPE mesh_location = EXTENSIBLE ENUMERATION OF
(unspecified,
application_defined,
vertices,
cell_centre,
face_centre,
iface_centre,
jface_centre,
kface_centre,
edge_centre);
ENp_TYPE;

Enhimerated item definitions:

ungpecified: not specified;

application_defined: specified via an external agreement between the data creator and the data usef;

vertices: at cell verticegSfor cells within the mesh;

cell_centre: the centre of a cell; this is also appropriate for entities associated with cells but not ne
saffily with a givefriocation in a cell;

fage_centre:.the centre of a generic face which can point in any coordinate direction;

ifare entre: the centre of a face in 3-D whose computational normal points in the ¢ direction;

kface_centre: the centre of a face in 3-D whose computational normal points in the k direction;

edge_centre: the centre of an edge.

©IS0O 2011 — All rights reserved
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4.2.8 mesh_maths_space_type

A mesh_maths_space_type is an enumeration of the kinds of associations of a mesh_derived_maths_-
space and a mesh.

EXPRESS specification:

TYPE mesh_maths_space_type = EXTENSIBLE ENUMERATION OF
(cells,

vertices);

ENp_TYPE;

Enbhimerated item definitions:

cells: data is associated with mesh cells;

vertices: data is associated with mesh vertices.

4.2.9 structured_mesh_type

A structured_mesh_type is an enumeration of the kinds of structured meshes.

EXPRESS specification:

TYPE structured_mesh_type = EXTENSIBLE ENUMERATION OF
(rectangular,

pentahedrad,

pyramidad,

tetrahedral) ;

ENpP_TYPE;

Enumerated item definitions:

rectangular: a structured mesh that is topologically linear in 1-D, quadrilateral in 2-D, hexahedral in
3-D, etc.

In 2-D the cells are all quadrilateral. In 3—D the cells are all hexahedral.

NOTE 1 Illustrations of rectangular mesh topologies are shown in Figure 4, Figure 5 and Figure 6.
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i ’ —

Figure 4 — A 1-D rectangular_mesh or pentahedral_mesh or
pyramidal_mesh or tetrahedral_mesh (with ; = 5)

[1. 7] [4. 7]

[1,1] [i,1]

Figure 5 — A 2-D rectangular_mesh (with ; = 5, 3= 4)

pentahedral: a structured mesh that is topologically linear in 1-D,triangular in 2-D, and pentahedral,
with 2 triangular and 3 quadrilateral faces forming a wedge-like shape, in 3—D. (where one of the edges
befween a pair of rectangular faces is analogous to the axis of a‘se¢ctor of a cylinder).

It is convenient to think of this kind of mesh as like a sectotof a circle in 2-D where one apex poiit is
anglagous to the centre point of the circle, and like a seetor of a cylinder in 3—-D where one of the edges
befween a pair of rectangular faces is analogous to the axis of the cylinder.

In P-D the cells adjacent to the apex are triangulat; the rest are quadrilateral.

In B-D the cells adjacent to the axis edge are pentahedral; the rest are hexahedral.

NQTE 2 Illustrations of pentahedral mesh.topologies are shown in Figure 4, Figure 7 and Figure 8.

[i,1,H]

1,5, k]

li,1,1

117, 1]

Figure 6 — A 3-D rectangular_mesh (with: =5, j =4, k = 3)
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[¢, j]

NN N\,

Figure 7 — A 2-D pentahedral_mesh or pyramidal_mesh’or
tetrahedral_mesh (with: = 5, j = 4)
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Figure 8 — A 3-D:pentahedral_mesh (with: =5, 7 =4, k = 3)

pryamidal: a structuréd’mesh that is topologically linear in 1-D, triangular in 2-D, and pyramidal in
3-D.

It is convenient:to think of this kind of mesh as like a sector of a circle in 2-D where one apex poiit is
anglogous tosthe centre point of the circle, and like a sector of a sphere in 3—D where the apex point is
anglogotis-to the centre point of a sector of the sphere.

In P=D the cells adjacent to the apex are triangular; the rest are quadrilateral.

In 3-D the cells adjacent to the apex are pyrimidal; the rest are hexahedral.

NOTE 3 Illustrations of pyramidal mesh topologies are shown in Figure 4, Figure 7 and Figure 9.

tetrahedral: a structured mesh that is topologically linear in 1-D, triangular in 2-D, and tetrahedral in
3-D.

It is convenient to think of this kind of mesh as like a sector of a circle in 2-D where one apex point is
analogous to the centre point of the circle, and like
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[¢,J, K]

[i,1, k]

(1,1,1] [i,1,1]

Figure 9 — A 3-D pyramidal_mesh (with : = 5, 1= 4, k = 3)

Figure 10 — A 3-D tetrahedral_mesh (with: =5, j =4, k£ = 3)

In P-D the cells adjacent to the apex are triangular; the remainder are quadrilateral.

In B-D the cells adjaceqt{o the apex are tetrahedral and the cells adjacent to one edge from the apex

pemntahedral; the remainder are hexahedral.

NJTE 4 Illustrations of tetrahedral mesh topologies are shown in Figure 4, Figure 7 and Figure 10.
4.3 mesh_topology_schema entity definitions
4.3.1 array_based_unstructured_mesh

are

An array_based_unstructured_mesh is a representation of an unstructured_mesh designed to min-
imise the amount of data by not requiring explicit identification of the vertices of the cells in the mesh.

©ISO 2011 — All rights reserved
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EXPRESS specification:

*)
ENTITY array_lbased_unstructured_mesh
SUBTYPE OF (unstructured_mesh);

cells : ARRAY [l:cell_count] OF vertex_defined_cell;
WHERE
wvrl : SELF\mesh.index_count = 1;

END_ENTITY;
(*

Attribute definitions:

ceIs: the vertex_defined_cells forming the mesh;
cell_count: (inherited) the number of cells in the mesh;

index_count: (inherited) the number of indices required to uniquelyidentify a vertex or cell in the mesh.

Fofmal propositions:

wirjl: the value of index_count shall be 1.

4.8.2 array_based_unstructured_mesh_and_vertices

An array_based_unstructured_mesh.and_vertices is a kind of array_based_unstructured_miesh
where the vertices of the mesh are explicity identified and ordered.

EXPRESS specification;

EN[[ITY arraybkased unstructured_mesh_and vertices
SUBTYPE _OF~ (array_based_unstructured_mesh) ;
vertex\Neeount : INTEGER;

verttees : ARRAY [l:vertex_count] OF UNIQUE vertex;
WHERE
wrd - Aall mesh vertices (SFTF) ;

END_ENTITY;
(*

Attribute definitions:

vertex_count: the number of unique vertex in the mesh;
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vertices: an array of unique vertexs for the cells of the mesh.

Formal propositions:

wrl: the elements of vertices shall be all and only the unique vertices in the mesh.

4.8.3 cell

A ¢ell is a topological_representation_item that is a manifold with a boundary.

EXPRESS specification:

EN[ITY cell

SUPERTYPE OF (ONEOF (cell_of_structured_mesh, vertex_defined_cell))
SUBTYPE OF (topological_representation_item);

Hescription : text;

Himension : INTEGER;

END_ENTITY;

Attribute definitions:

description: annotation;

dimension: the topological dimension of the region.

4.84 cell_with_explicit_boundary

A ¢ell_with_explicit-boundary is a cell that has a specified boundary.

EXPRES S.specification:

*)
ENTITY cell_with_explicit_boundary

SUBTYPE OF (cell);

boundary : SET [1:?] OF topological_representation_item;
END_ENTITY;
(*
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Attribute definitions:

boundary: the elements forming the boundary of the region.

4.3.5 cell _of structured_mesh
A cell-ofstructured—mesh-anidentbedcellofastructured—mesh-
EXPRESS specification:

EN

DE

EN

At

TITY cell_of_ structured_mesh
SUBTYPE OF (cell);

Fhe _mesh : structured_mesh;

cell_identifier : ARRAY [l:index_count] OF INTEGER;
RIVE

index_count : INTEGER := the_mesh\mesh.index_ceunt;
D_ENTITY;

ribute definitions:

thg

_mesh: the structured_mesh;

cell_identifier: the indices of the cell;

ind

4.

An

Jex_count: the number of indices required to uniquely identify a vertex or cell in the mesh.

8.6 explicit_unstructured_mesh

explicit_unstructured_mesh is a representation of an unstructured_mesh that is similar, but

entirely identical toythat specified in ISO 10303-104.

EX

[PRESS-specification:

*)

EN

TITY explicit_unstructured_mesh

SUBTYPE OF (unstructured_mesh);

explicit_model : fea_model;

cells : ARRAY [l:cell_count] OF UNIQUE element_representation;

END_ENTITY;

(*

16
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Attribute definitions:

explicit_model: the finite element model,;

cel

cel

I_count: (inherited) the number of element_representations;

Is: the set of element_representations comprising the mesh.

Inf

ormal propositions:

ip]

: every element_representation in the cells shall belong to the explicit_model.

3.7 extraction_of structured_submesh

extraction_of_structured_submesh is a type of extraction_of mesh@nd’is a relationship betw
structured_meshes that indicates one is part of the other.

[PRESS specification:

DE

WH

EN

TITY extraction_of_ structured_submesh

BTYPE OF (extraction_of_submesh);

lower_vertex : ARRAY [l:whole_indices] OF INTEGER;
sed_indices : ARRAY [l:part_indices] OF INTEGER;

lised_senses : ARRAY [l:part_-indices] OF BOOLEAN;

RIVE

vhole_indices : INTEGER ;=-SELF\extraction_of_submesh.whole\mesh.index_
bart_indices : INTEGER\:= SELF\extraction_of_submesh.part\mesh.index_c
FERE

WR1: (/MESH_TOPOLOGYJ)SCHEMA.STRUCTURED_MESH’ IN TYPEOF (
SELF\éxtraction_of_submesh.whole));

WR2: ('MESH_TOROIOGY_SCHEMA.STRUCTURED_MESH’ IN TYPEOF (
SELF\extraction_of_submesh.part));

D_ENTITY;

ccn

rount;
bunt;

At

+ 4+ Aol ast s
TTUULC UCIIIIIUIUILS .

part: the structured_mesh that is part of the whole;

whole: the structured_mesh that contains the part;

lower_vertex: the position of the vertex in the whole that is the origin of the part. This is specified
with respect to each index of the whole.

©IS0O 2011 — All rights reserved
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used_indices: the indices of the whole that are also indices of the part in the order that they are used in

the

part;

used_senses: the sense for each index of part as:

TRUE if the part uses the index of the whole in the same direction;

FALSE if the part uses the index of the whole in the reverse direction;

ole_indices: the number of indices required to uniquely identify a vertex or cell in the wholé€;

['t_indices: the number of indices required to uniquely identify a vertex or cell in the part;

'mal propositions:

R1: The mesh referenced as whole shall be of type structured_mesh.

R1: The submesh referenced as part shall be of type structured_mesh.

3.8 extraction_of submesh

extracrtion_of_submesh is a relationship between a mesh and a submesh that defines the submiesh
being part of the mesh.

[PRESS specification:

TITY extraction_of_submesh;
whole: mesh;

part: submesh;

D_ENTITY;

ribute definitions:

ole: the'mesh from which the submesh is extracted.

I't:_the resulting submesh.

4.3.9 extraction_of_submesh_by_cells

An extraction_of_submesh_by_cells is a type of extraction_of_submesh that extracts a submesh by
listing the cells.

18
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EXPRESS specification:

*)
EN

TITY extraction_of_submesh_by_cells
SUBTYPE OF (extraction_of_submesh);
cell_count: INTEGER;

cells : ARRAY [l:cell_count] OF cell;

EN

At

—ENTITY;

ribute definitions:

ce

4.

An
by

N(
tio

EX

ceI_count: the number of cells extracted to form the submesh.

s: the collection of cells defining the submesh.

8.10 extraction_of_submesh_by_vertices

extraction_of_submesh_by_vertices is a type of extraction_of_submesh that extracts a submi
listing the vertices.

TE 1 A submesh of lower topological dimension than'the parent (whole) mesh can be specified by ext
h_of_mesh_by_vertices.

[PRESS specification:

EN

EN

At

TTTY extraction_of_spgbmesh_by_vertices
SUBTYPE OF (extractien_of_submesh);
Vertex_count: INTEGER;

ertices : ARRAY)[l:vertex_count] OF vertex;
D_ENTITY;

ributé definitions:

esh

fac-

ve

teX_COUITtT e NMUIMDEr Of VEITICES eXIracted 10 TOTT U1 SUDIMESIT.

vertices: the collection of vertexs defining the submesh.

4.3.11 indices_list

An indices_list specifies a list of indices into a multi-dimensional array.

©ISO 2011 — All rights reserved
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EXPRESS specification:

*)
ENTITY indices_1list;

nindices : INTEGER;

indices : LIST [1:?] OF ARRAY [l:nindices] OF INTEGER;
END_ENTITY;

(*

Attribute definitions:

nindices: the number of indices required to map to a unique array location;

indices: the indices.

4.3.12 indices_range

Arnlindices_range specifies the beginning and ending indices of asubrange in a multi-dimensional arrpy.

EXPRESS specification:

EN[ITY indices_range;

hindices : INTEGER;

start : ARRAY [l:nindiceso OF INTEGER;
finish : ARRAY [1l:nindiges] OF INTEGER;
ENp_ENTITY;

Attribute definitions:

nindices: the namber of indices required to map to a unique array location;
start: the indices of the minimal corner of the subrange;

finjsh:< the indices of the maximal corner of the subrange.

4.3.13 mesh

A mesh is a topological_representation_item consisting of one or more cells. The mesh is the basis of
all mesh topology representations. There are several ways of representing a mesh.
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EXPRESS specification:

*)

ENTITY mesh
ABSTRACT SUPERTYPE OF (ONEOF (structured_mesh,

unstructured_mesh) ANDOR submesh)
SUBTYPE OF (topological_representation_item);

Nescription : text;
index_count : INTEGER;
ENp_ENTITY;
(*
Atfribute definitions:

de
ing

NQ

4.

A mesh_derived_maths_space associates data values and a mesh.

N(
tio

spdce, and hence to a mesh.

EX

scription: annotation;
lex_count: the number of indices required to identify uniquely a vertex or cell in the mesh.

TE 1 It inherits a name attribute of type label via its topological_répresentation_item supertype.

8.14 mesh_derived_maths_space

h attribute is of type math_function (a table function in this case) whose range and domain are of type mat

[PRESS specification:

EN

TTTY mesh_derdved_maths_space
SUBTYPE OF (maths_space);
Hescriptiocn=: text;

hame : label;

i d : identifier;

khe, nesh : mesh;

kind : mesh_maths_space_type;
ENB—NFFF

(*

Attribute definitions:

description: annotation;

name: a user interpretable identifier;

©ISO 2011 — All rights reserved
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id:
the

an identifier;

_mesh: the mesh;

kind: the kind of association.

4.3.15 product_of_mesh

A product_of_mesh is a relationship that is between:

that indicates the (n + 1)-dimensional mesh is the Cartesian product of the operands.

The ordering of cells and vertices of the product mesh is:

EX

a product that is an (n 4 1)-dimensional mesh,

[PRESS specification:

EN

WH

EN

TITY product_of_mesh;

pbperands : LIST [2:23_0OF mesh;
broduct : mesh;

FERE

WR1 : (this_sehema+’ .STRUCTURED_MESH’
(thisdschema+’ . STRUCTURED_MESH’
(thig=schema+’ . STRUCTURED_MESH’

two operands that are a 1-dimensional mesh and an n-dimensional mesh; and

cell i + n(j — 1) of the product mesh corresponds to cells ‘of the first operand and cell j of
second operand, where n is the total number of cells of the.first operand;

vertex i +m(j — 1) of the product mesh corresponds-to vertex i of the first operand and vertex
the second operand, where m is the total numbet,of vertices of the first operand.

WR2 : operands[l].index_count = 1;

WR3 :Op€rands[l].index_count + operands[2].index_count
= product.index_count;

D/ENTITY;

IN TYPEOF (operands([1l])) AND
IN TYPEOQOF (operands([2])) AND
IN TYPEOF (product));

Attribute definitions:

operands: the two meshes that define the product;

product: the mesh that is the Cartesian product of the operands.

22
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Formal propositions:

WR1: all meshes shall be structured_meshes;
WR2: the first operand shall have an index_count of one;

WR3: the index_count of the product shall equal the sum of the index_counts of the operands.

4.8.16 rind

A rind describes the number of rind planes associated with a structured mesh.

EXPRESS specification:

EN[ITY rind;

index_count : INTEGER;

blanes : ARRAY [l:2+xindex_count] OF INTEGER;
ENp_ENTITY;

Attribute definitions:

index_count: the number of indices required(fo reference a vertex;

plgnes: contains the number of rind planés attached to the minimum and maximum faces of a structy

mesh. The face corresponding to each.index n of planes in 3-D is:

m= 1 — ¢-min n = 2 — i-max
n =3 — j-min n =4 — j-max
n =5 — k-min n = 6 — k-max

EXIAMPLE 1 For'a 3-D mesh whose ‘core’ size is TI xJJXKK, a value of planes = [a,b,c,d,e, f] i

cats that the rangé.of indices for the mesh with this rind is:

i (1 — a, II + b)
jo (1 - ¢, JJ + d)
k: (1 — e, KK + £)

red

hdi-

4.3.17 structured_mesh

A structured_mesh has a regular topology. A structured_mesh has a parametric coordinate system;
the parametric coordinate systems for one- two-, and three-dimensional structured meshes are shown in

Figure 11 through Figure 13.

©ISO 2011 — All rights reserved
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U SC)

Figure 11 — Parametric coordinate system for a 1-D structured mesh

(0,1) (1,1)
n“
0,0) ¢ (1,0)

Figure 12 — Parametric coordinate system for a 2-D struetured mesh

For each cell within a structured_mesh, the parametric coordinate system/for that cell is identical to
the parametric coordinate system for the mesh, except for an origin shift,"The parametric coordinatep of
veftex (7, j, k) in a 3-D mesh with n, m and p cells in the 3 dimengsions are:

(G =1)/n, (G =1)/m, (k <1)/p)

EXPRESS specification:

ENITY structured_mesh

SUBTYPE OF (mesh);

vertex_counts : ARRAY [1:SELF\mesh.index_count] OF INTEGER;
cell_counts : ARRAY. [ :SELF\mesh.index_count] OF INTEGER;

0,1,1)

— - RS EEREX 17T d(1,0,0)

(0’150)'& B B | ‘_”_:‘\{::— /
\\_

Figure 13 — Parametric coordinate system for a 3-D structured mesh
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Table 1 — Number of vertices in a structured_mesh

EN

At

Index_count | Rectangular Pentahedral Pyramidal Tetrahedral
1 i 1 i T
2 1] je—-1)+4+1 4j@—-1)+1 jli—1)+1
3 ijk jk(i—1)+k jk(i—1)+1 jk(i—1)—(i—2)(j—1)
kind : structured_mesh_type;
D_ENTITY;
ribute definitions:

vel

'tex_counts: the number of vertices in each dimension of the mesh. The‘product of the array elem

is the number of vertices defining the mesh (i.e., excluding any rind points). The number of vertice

on
to

Spd

- two- and three-dimensional regular mesh topologies is given indlable 1, where ¢, j and k corresp
he array elements vertex_counts[1], vertex_coungs\2] and vertex_counts|[3]/
ctively.

cell_counts: the number of cells in each dimension of the mesh. The product of the array element

the

number of cells on the interior of the mesh;

ki

d: the kind of mesh;

index_count: (inherited) the number of indic€s required to identify uniquely a vertex or cell in the m

1S

4.

A s

EX

e same as the topological dimensionality (e.g., 1-D, 3-D) of the mesh.

8.18 structured_mesh_with_rind

tructured_mesh_with_rind is a structured_mesh with specified rind planes.

[PRESS specification:

F[ITY(structured_mesh_with_rind
SUBTYPE OF (structured_mesh);

Ents
S in
bnd

esh

rird planes + rind:
—F

END_ENTITY;

(*

Attribute definitions:

rind_planes: the rind planes associated with the mesh.

©IS0O 2011 — All rights reserved
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4.3.19 submesh

A submesh is a mesh that is part of another mesh. The submesh is related to the parent mesh by an

extraction_of_submesh relationship. The cells of the submesh are not necessarily connected.

EXPRESS specification:

*)
ENILITY submesh
SUBTYPE OF (mesh);
ENPp_ENTITY;

4.8.20 unstructured_mesh

An unstructured_mesh is composed of cells, where the cells do notform a regular pattern and the sh

ape

of the cells is not uniform throughout the mesh. Cells have verti¢es at the ends of cell edges, and may

alsp have nodes on cell edges, cell faces and in the interior of thelcell.
It ¢onceptually consists of the vertices of the mesh and the cells forming the volume of the mesh.
cellls shall all be connected by each cell having at least-one vertex in common with another cell.

shgpe of each cell in an unstructured mesh is explicitly specified.

NJTE 1 A vertex at the corner of a cell is a cell (vertex.

EXPRESS specification:

ENLITY unstructured mesh

ABSTRACT SUPERTYPE OF (ONEOF (array_based_unstructured_mesh,
explicit/unstructured_mesh))

SUBTYPE OE ) (mesh) ;

cell_coung : INTEGER;

END_ENTITY,

The
The

Attribute definitions:

cell_count: the number of cells in the mesh.
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1 2
. 1 2
Linear 3
L1 2
Quadratic 3 4
Cubic

Figure 14 — Linear, quadratic and cubic line cells

Table 2 — Edges of triangle, quadrilateral’and polygon cells

triangle quadrilateral || n-sided polygon
edge | vertices | edge | vertices {|.édge | vertices
1 1,2 1 1,2 1 1,2
2 2,3 2 2,3 2 2,3
3 3,1 3 3, 4 3 3,4
4 4,1 n n, 1

Table 3 — Edges of hexahedron, wedge, tetrahedron and pyramid cells

hexahedron wedge tetrahedron pyramid
edge {‘vertices || edge | vertices || edge | vertices || edge | vertices

i 1,2 1 1,2 1 1,2 1 1,2
2 | 2,3 2 | 2,3 2 | 2,3 2 | 2,3
3| 3,4 3| 3,1 3| 3,1 3| 3,4
4 | 41 4 | 4,5 4 1,4 4 | 41
5 | 56 5| 5,6 5| 2,4 5 L5
6 | 6.7 6 | 6.4 6 | 3.4 6 | 2.5
71 7,8 7 1,4 71 3,5
8 | 85 8 | 2,5 8 | 4,5
9 1,5 9 | 3,6

10| 2,6

1| 3,7

12 | 4,8
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Linear 1 4 2

Quadratic 1

Cubic

Figure 15 — Linear, quadratic and cubic triangle cells
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\}

Linear

. /
Quadratic 1

Cubic

Figure 16 — Linear, quadratic and cubic quadrilateral cells
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Linear 1

Quadratic

19 P e T 26 "5

Y 5o 70

Cubic

Figure 17 — Linear, quadratic and cubic hexahedron cells
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Quadratic

Cubic

Figure 18 — Linear, quadratic and cubic wedge cells
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32

Linear

Quadratic

Cubic

Figure-19'- Linear, quadratic and cubic tetrahedron cells

Table 4 — Faces of hexahedron, wedge, tetrahedron and pyramid cells

hexahedron wedge tetrahedron pyramid
face | vertices | face | vertices || face | vertices || face | vertices
1 1,4,3,2(| 1 [1,3,2 1 11,2,3 1 [1,4,3,2
2 |56,7,8| 2 (4,56 2 |1,4,2 2 |1,2,5

3 11,2,6,5| 3 |1,2,4,5|| 3 |2,4,3 3 12,3,5
4 13,7,6,2) 4 [2,3,6,5| 4 |3,4,1 4 13,4,5

5 13,4,8,7| 5 [1,4,6,3 5 |4,1,5

6 |1,58,4
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Linear

Quadratic

Cubic

Figure 20 — Linear, quadratic and cubic pyramid cells
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4.3.21 vertex_defined_cell

A vertex_defined_cell is a cell that is defined by its vertices. The number of vertices depends on the
topological shape of the cell. The cell may have edge, face and interior vertices. The maximum number
of edge, face and interior vertices depends on both the shape and the order of the cell.

EX

[PRESS specification:

DE

EN

At

FTITY vertex_defined_cell
SUBTYPE OF (cell);

shape : cell_shape;
brder : element_order;
vertices : ARRAY [l:vn_count] OF OPTIONAL vertex;
RIVE
bound__count : INTEGER := cell_counts (SELF) [1J
cdge_node_count : INTEGER := cell_counts (SELF)/[2¥;
bpt_node_count : INTEGER := cell_counts (SELFNE3];
required_count : INTEGER := bound_count +4¢dge_node_count;
fyn_count : INTEGER := required_couht + opt_node_count;
required_vertices : ARRAY [l:required_count] OF vertex

:= shorten_array(weértices, vn_count, required_cou
D_ENTITY;
ribute definitions:

sh

pe: the topological shape of the cell;

ordler: the order of the cell géometric interpolation;

vertices: the vertices at the ends of cell edges, and within cell edges, cell faces and the interior of|
celll. The position of awertex or an edge node in the array depends on the shape of the cell as establis

arg
the

Nd
Fig
in

101

=

phically in Figures-10 through 39 in ISO 10303-104, noting that a polygon cell is a generalisatio
triangle and'quadrilateral cells.

TE 1 Eor ¢onvenience, most of the ISO 10303-104 Figures have been redrawn in this part of ISO 1030
ure 14-to.Figure 20, where a vertex or edge node is indicated by a dot. The vertex labelled ‘1’ is the first i
he ‘array, that labelled ‘2’ is the second index in the array, and so on. Edge and face information from

ht) ;

the
hed
h of

B as
dex
SO

03-104 is given in Table 2 to Table 4.

bound_count: the number of cell bounding vertices; it is determined by the value of shape;

edge_node_count: the number of interior cell nodes located on the cell edges; it is determined by the
combination of the values of shape and order;

opt_node_count: the potential number of interior cell nodes which are not located on the cell edges; it
is determined by the combination of the values of shape and order;

NOTE 2 In Figure 14 to Figure 20 the non-edge interior nodes are indicated by circles.

34
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required_count: the total number of bounding vertices plus the number of edge nodes;

vn_count: the total number of bounding vertices plus the number of nodes (both edge and non-dege
nodes);

required_vertices: the vertices and nodes excluding any non-edge interior nodes. There shall be re-
quired_count of these.

4.

4.

4 mesh_topology_schema function definitions
1.1 all_mesh_vertices
e function all_mesh_vertices takes an array_based_unstructured_mesh_andnvertices as its af

nt and returns TRUE if the members of the vertices attribute are exactly the yertices in the mesh.

[PRESS specification:

EN

NCTION all_mesh_vertices(arg : array_based sanstructured_mesh_and_vertic
BOOLEAN;

CAL
ertex_set : SET OF vertex := [];
cell : vertex_defined_cell;
D_LOCAL;
REPEAT 1 := 1 TO arg.cell_county;

cell := arg.cells[i];

REPEAT j := 1 TO cell.vp-€ount;

vertex_set := vertex.set + cell.vertices[]j];

END_REPEAT;

END_REPEAT;

TF (SIZEOF (vertex_sef) <> arg.index_count) THEN
RETURN (FALSE) ;

END_IF;
REPEAT i :=_47°.70 arg.index_count;
IF (NOT ((arg.vertices[i] IN vertex_set) ) THEN
RETURNYFALSE) ;
END iE;

FND_REPEAT;
RETURN (TRUE) ;

EN

gu-

FUNCTTION;

Argument definitions:

arg: an array_based_unstructured_mesh_and_vertices;

©IS0O 2011 — All rights reserved
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RETURNS: TRUE if the members of the vertices attribute of arg are exactly the vertices in the mesh,
otherwise FALSE.

4.4.2 cell_counts

The function cell_counts takes a vertex_defined_cell as its argument and returns the numbers of vertices

1rad to dofng tho ~oll
an e-to-aeHhie-tne-ce

EXPRESS specification:
*)
FUNCTION cell_counts(arg : vertex_defined_cell) : ARRAY[1:3}J)OF INTEGER;
LOLCAL
om1 : INTEGER := 0; -— (order - 1)
bmlsg : INTEGER := oml*x2; —— (order - 1) squared
WVt s : INTEGER; —-— number of bounding ‘wertices
~ds : INTEGER; —-— number of edges
O£ : INTEGER := 0; —— number of quadrilateral faces
il : INTEGER := 0; —-— number of triangular faces
result : ARRAY [1:3] OF INTEGER := [0,0,0%;
ENp_LOCAL;
CASE arg.order OF
linear :oml := 0;
quadratic : oml := 1;
cubic :oml = 2;
OTHERWISE : RETURN (result)
FEND__CASE;
bmlsqg := omlxx*2;
CASE arg.shape OF
single
BEGIN
vts := 1 eds := 0; gf := 0; tf := 0;
result[%) := vts;
resul®)2] := omlxeds; --— 0, 0, O
resinlt [3] := 0; -- 0, 0, O
END3
line
BEGIN
vts := 2; eds :=1; gf := 0; tf := 0;
result[1l] := vts;
result[2] := omlxeds; -- 0, 1, 2
result[3] := 0; -- 0, 0, O
END;
quadrilateral
BEGIN
vts := 4; eds := 4; gf := 1; tf := 0;
result[l] := vts;
result[2] := omlxeds; -- 0, 4, 8
result[3] := omlsqgxqgf; -- 0, 1, 4
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END;
triangle
BEGIN
vts := 3; eds := 3; gf := 0; tf := 1;
result[l] := vts;
result[2] := omlxeds; -- 0, 3, ©
result[3] := (oml-1)x*tf; —— 0, 1
CASE arg.order OF
linear result[3] := 0; -—- 0
END_CASE;
END;
polygon
BEGIN
vts := arg.vn_count; eds := arg.vn_count;
result[l] := vts;
result[2] := 0;
result [3] = 0;
END;
hexahedron
BEGIN
vts := 8; eds := 12; gf := 6; tf := 04
result[1l] := vts;
result[2] := omlxeds; -- 0, 12, 24
result[3] := omlsgx* (gf+oml); -- 0, 7, 32
END;
wedge
BEGIN
vts := 6; eds 9; gf :=73; tf = 2;
result[1l] := vts;
result[2] := omlxedsy -- 0, 9, 18
result[3] := omlsg+gf + omlxtf; -- 0, 3, 16
END;
tetrahedron
BEGIN
vts = 4; eds := 6; gf := 0; tf := 4;
result [AN:= vts;
result [\2] = oml=*eds; -- 0, 6, 12
resdlt{3] := (oml-1)=*tf; —— 0, 4
CASE arg.order OF
linear result[3] := 0; -— 0
END_CASE;
END;
pyramid
vts := 5; eds := 8; gf :=1; tf := 4;
result[1l] := vts;
result[2] := omlxeds; -- 0, 8, 16
result[3] := omlsgxgf + (oml-1)~*tf; —— 1, 9
CASE arg.order OF
linear result[3] := 0; -— 0
END_CASE;
END;

(©ISO 2011 — All rights reserved
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END_CASE;
RETURN (result) ;
END_FUNCTION;

(*

Argument definitions:

arg

Th

comtaining the first newl elements of the input array.

EX

r: a cell;

P

bounds of the cell, the second is the number of interior nodes located on an edge, and/th€ third is|
ximum number of (potential) interior nodes not located on an edge.

1.3 shorten_array

e function shorten_array inputs a one dimensional array and returns @ shorter one dimensional af

[PRESS specification:

EN

NCTION shorten_array (longa : ARRAY @F GENERIC : T;
oldl, newl : EINTEGER) : ARRAY OF GENERIC : T;
LOCAL
shorta : ARRAY [l:newl] OEFMGENERIC : T;
END_LOCAL;

IF (newl > oldl) THEN

RETURN (?) ;
ELSE
REPEAT i := 1(TO newl;
shorta[i]N\:# longalil];

END_REPEAT;

RETURN (Sherta) ;
END_IF;
D_FUNCTION;

TURNS: a 3 element array of INTEGER, where the first element is the number of vertices defir}

ing
the

ray

Argument definitions:

longa: The input array.

oldl: The number of elements in longa.

newl: The smaller number of elements in the output array.

RETURN: The shortened array of length newl

38
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444 this_schema

Th

e function this_schema returns a STRING containing the name of the schema.

EXPRESS specification:

NCTION this_schema : STRING;
RETURN (' MESH_TOPOLOGY_SCHEMA' ) ;
D_FUNCTION;

bument definitions:

RHE

EX

TURNS: the uppercase name of the schema.

[PRESS specification:

Th
saf

EX

D_SCHEMA; —- end of mesh_topology_sé&hema

Mesh connectivity

e following EXPRESS declaration begins the mesh_connectivity_schema and identifies the ne
y external references.

[PRESS specification:

HEMA mesh_connectivity_schema;
REEERENCE FROM mesh_topology_schema -— ISO 1
tmesh,

€S-

D303-52

UNSTTUCCUTEd_MEST,
structured_mesh,
mesh_location,
indices_group,
indices_range) ;

REFERENCE FROM mathematical_description_of_distribution_schema -- ISO 10303-51

(property_distribution_description);
REFERENCE FROM mathematical_functions_schema
(listed_real_data);

(©ISO 2011 — All rights reserved
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REFERENCE FROM support_resource_schema —-— ISO 10303-41
(identifier,
label,
text);

(*

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

mesh topology schema Clause 4 of this part of ISO 10303
mpthematical_description_of_distribution_schema ISO 10303-52
mpathematical_functions_schema ISO 10303-50
support_resource_schema ISO 10303-41

5. General

This schema defines and describes the structures for describing interface connectivity between meshgs.

5.2 Fundamental concepts and assumptions

Mgshes have interfaces which are either abutting or overlapping.For the abutting interface this can be
either matched, or mis-matched.This clause describes and illustfates such interfaces.

NQTE 1 Figures 21 to Figure 23 show three types of mesh interfaces.

EXIAMPLE 1 Figure 21 illustrates a 1-to-1 abutting intetface, also referred to as matching or CO continuous. [The
intgrface is a plane of vertices that are physically coinéident (i.e., they have identical coordinate values) between
the| adjacent meshes; mesh-coordinate lines perpendicular to the interface are continuous from one mesh to| the
nejpt. In 3-D, a 1-to-1 abutting interface is always‘a-logically rectangular region.

e left-mesh vertices on interface

Figure 21 — A 1-to-1 abutting interface

EXAIVIPLE 2 TIIC DCbUllL} tleC Uf illtleabC, ib llliblllatbllcd a‘uutﬁug, WllClC tWU lllCD}lCD tUubll 1Ulalt k.‘lU llUt UV 1ap
(except for vertices and cell faces on the mesh plane of the interface). Vertices on the interface need not be
physically concident between the two meshes. Figure 22 indentifies the vertices and face centers of the left mesh
that lie on the interface. In 3-D, the vertices of a mesh that constitute an interface patch may not form a logically
rectangular region.

The third type of interface is called overset and occurs when two meshes overlap; in 3-D, the overlap

is a 3-D region. For overset interfaces, one of the two meshes takes precedence over the other; this
establishes which solution in the overlap region to retain and which one to discard. The region in a given
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e left-mesh vertices on interface

Figure 22 — A mismatched abutting interface

o - left-mesh fringe points (vertices
o Vleft-mesh overset-hole points (v

arg

EX
ove
In
thaj

Ov

Figure 23— An overset interface

sh where the solution is disearded is called an overset hole and the mesh vertices outlining the |
called fringe points.

IAMPLE 3  Figure 23depicts an overlap region between two meshes, where the right mesh takes precedg
r the left mesh. Thepoints identified in Figure 23 are the fringe points and overset-hole points for the left m|
wddition, for the’mesh taking precedence, any bounding points (i.e., vertices on the bounding faces) of the n

lies within the-overlap must also be identified.

erset iterfaces may include multiple layers of fringe points outlining holes and at mesh boundaries.

(E)

x left-mesh face-centers on interface

ertices)

j0le

nce
esh.
iesh

Fo

the micmatohed abutting and aguercet interfacee 1n Fiaure 22 and Fiaoure 23 the loft mach nlave the rql
t=] t=] t=] 2 r 7

e of

receiver mesh and the right plays the role of donor mesh.

Mesh vertices that are included in a mesh interface are, in general, termed interface points.

©IS0O 2011 — All rights reserved
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53 mesh_connectivity_schema type definitions

5.3.1 mismatched_region_type

A mismatched_region_type is an enumeration of the kinds of mismatched mesh regions.

EXPRESS specification:

TYPE mismatched_region_type = EXTENSIBLE ENUMERATION OF
(abutting,

overset) ;

ENpP_TYPE;

Enphmerated item definitions:

abpitting: abutting region;

overset: overset region.
S.4 mesh_connectivity_schema:éntity definitions

5.4.1 matched mesh_connéction

A matched_mesh_connection contains connectivity information for a mesh interface patch that is abut-
ting with 1-to-1 matching betweén‘adjacent structured mesh indices (also referred to as CO connectivity).
An interface patch is the subrange of the face of a mesh that touches one and only one other mesh. This
strpicture identifies the subrange of indices for the two adjacent meshes that make up the interface pnd
gives an index transformation from one mesh to the other. It also identifies the adjacent mesh.

EXPRESS specification:

ENLITY matched mesh_ connection
SUBTYPE OF (mesh_connectivity);

SELF\mesh_connectivity.current : structured_mesh;

range : indices_range;

donor : structured_mesh;

donor_range : indices_range;

transform : ARRAY [1l:index_count] OF INTEGER;
WHERE

WR1 : current :<>: donor;

WR2 : donor.index_count = index_count;

42 (©ISO 2011 — All rights reserved


https://standardsiso.com/api/?name=ebfff41b1c369fb2aab52b381c38bbcc

ISO 10303-52:2011(E)

WR3 : range.nindices = index_count;

WR4 : donor_range.nindices = index_count;
END_ENTITY;

(*

Attribute definitions:

cu

ind

rapge: contains the subrange of indices that makes up the interface patch in the block;

do
do

tra
tw

Fo

'rent: (inherited) the current mesh;

Jex_count: (inherited) the number of indices required to reference a vertex;

nor: the adjacent mesh;
hor_range: contains the interface patch subrange of indices for the donoy;

nsform: contains a shorthand notation for the transformation matrix describing the relationship
pen indices of the two adjacent meshes (see below).

‘'mal propositions:

s =

Th)
ing
tra
on
rel

R1: current and donor shall be different;
R2: the index_counts of current and donor shall have the same value;
R3: the index_counts of current and range shall have the same value;

R4: the index_counts of donor and donor_range shall have the same value.

e shorthand matrix notation used,in transform has the following properties. The matrix itself has 1
Jex_count and contains elements +1, 0, and —1; it is orthonormal and its inverse is its transpose.
hsformation matrix (T) works as follows: If Index1 and Index?2 are the indices of a given p
the interface, where Index1 is in the current mesh and Index? is in the adjacent mesh, then t
htionship is,

Index?2 = T. (Indexl - Startl) + Start2
Indexl = Transpose[T]. (Index2 - Start2) + Startl

be-

ank
Che
bint
heir

ces

ere’the ‘.’ notation indicates matrix-vector multiply, Start1 and Finish1 are the subrange ind

The short-hand notation used in transform is as follows. Each element shows the image in the adjacent
mesh’s face of a positive index increment in the current mesh’s face. The first element is the image of
a positive increment in ¢; the second element is the image of an increment in j; and the third (in 3-D)
is the image of an increment in k in the current mesh’s face. For 3-D, the transformation matrix 7" is
constructed from transform = [+a, +b, +¢] as follows:

©ISO 2011 — All rights reserved
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[

sgn(a)del(a — 1) sgn(b)del(b —
T = | sgn(a)del(a —2) sgn(b)del(b—

) sgn(c)del(c — 1)
) sgn(c)del(c—2) |,

[\

sgn(a)del(a — 3) sgn(b)del(b—3) sgn(c)del(c — 3)
where,
+1,ifx >0 1, if abs(z) = abs(y)
sgn(z) = T del(x —y) = ’ .
an(z) { -1, ifx <0 (=) { 0, otherwise

EXIAMPLE 1 transform= [-2, +3, +1] gives the transformation matrix,

0 0 +1

T=|(-1 0 0

0 +1 0

NQTE 1 For establishing relationships between adjacent and current mesh indiees lying on the interface it

ong

NQ
carl

S.

A mesh_connectivity specifies the connectivity-0f a mesh interface.

EX

of the elements of transform is superfluous since one component of bothfinterface indices remains const{

TE 2 The transform matrix and the two index pairs overspecify the interface patch. For example, Fini
be obtained from transform, Startl, Finishl and Start2.

1.2 mesh_connectivity

[PRESS specification:

DE

TTTY mesh_connectivity
BSTRACT SUPERTYPE OF (ONEOF
(matched_meshZconnection,
mismateled _mesh_connection);

elf,

5h2

hame v label;

Hescription : text;

i d : identifier;

Ccurrent : mesh;

RIVE

index count : INTEGER := current.index count;

END_ENTITY;

(*

Attribute definitions:

name: user-specified instance identifier;

44

(©ISO 2011 — All rights reserved


https://standardsiso.com/api/?name=ebfff41b1c369fb2aab52b381c38bbcc

ISO 10303-52:2011(E)

description: annotation;
id: an identifier;
current: the current (receiver) mesh;

index_count: the number of indices required to identify uniquely a vertex or cell in the block.

543 mesh_overset_hole
An overset_hole is a hole, or holes, in an overset mesh.

Magsh connectivity for overset meshes may also include ‘holes’ within meshes, wher¢any mesh data is
ignjored or ‘turned off’, because the data in some other overlapping mesh applies instead.

EXPRESS specification:

EN[FITY mesh_overset_hole
SUBTYPE OF (mismatched_mesh_connection);
ENp_ENTITY;

NQTE 1 The interface points making up a hole withi‘a mesh may be specified by an element in the range list if
thely constitute a logically rectangular region. Likewise further elements in the list may be used for further logiqgally
recfangular holes. The more general alternative ‘is-to use vertices to list all interface points making up the hples
within a mesh. Using the list of range specifieations, or using range in combination with vertices, may result|in a
given hole being specified more than once:

544 mismatched donor_mesh

A mismatched_donor_mesh is a mesh that acts as a donor for a mismatched_mesh_region.

EXPRESS specification:

*)
ENLEFTY mismatched _donor_mesh

ABC’T‘D?\F"T‘ QIIRERTVDE AL (ANEAOL L oot Ao RYANE 2o o IER AWk SR L WAL~ b2V V= B PG 2 rm ~h)).

TRACT RPERTYRE—OF(ONEoE—(struectured—donor—meshr—anstruetured—donor—mes ;
donor : mesh;

INVERSE

connect : mismatched_mesh_region FOR donor;
END_ENTITY;
(*
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Attribute definitions:

donor: the donor mesh.

connect: the mismatched_mesh_region for which this is the donor.

54.5 mismatched _mesh_connection

A mismatched_mesh_connection contains conectivity information for generalized mesh interfaces

pu
mg

Fo
the
ind
It 4
the
Fo
eaq

Fo
on
ing
oV
usd

fripge point being contained within multiple”instances of mismatched_mesh_connection; theref

thi

EX

'pose is to describe mismatched-abutting and overset interfaces for both structured and unstructy
shes, and can also be used for 1-to-1 abutting interfaces.

- abutting interfaces, also referred to as patched or mismatched, an interface patch-is the subrang
face of a mesh that touches one and only one other mesh. This structure identifies the subrang
ices (or array of indices) that make up the interface and gives their image inf the adjacent (donor) m
Iso identifies the adjacent mesh. If a given face of a mesh touches severfal (say N) adjacent mes
n N different instances of mismatched_mesh_connection are needed to describe all the interfa
" a single abutting interface, two instances of mismatched_mesh{connection are needed — one
h adjacent mesh.

- overset interfaces, this structure identifies the fringe points of a given mesh that lie in one and d
e other mesh. If the fringe points of a mesh lie in several(say V) overlapping meshes, then N diffe
tances of mismatched_mesh_connection are ne¢ded to describe the overlaps. It is possible ¥
prset meshes that a single fringe point may actually lie in several overlapping meshes (though in typ
ge, linkage to only one of the overlapping-meshes is kept). There is no restriction against a gi

b structure allows the description of asiigle fringe point lying in several overlapping meshes.

[PRESS specification:

EN
AB

TTTY mismatche€d mesh_connection
STRACT SUBERTYPE OF (ONEOF (mismatched_mesh_region,
meshwoverset_hole))

Its
red

b of
b of
esh.
hes,
Ces.
for

nly
rent
vith
ical
ven
bre,

SPBTYPELQF (mesh_connectivity);
boints : indices_group;
bridlloc : mesh_location;

END ENTITY,;

Attribute definitions:

current: (inherited) the current mesh (the receiver mesh);

index_count: (inherited) the number of indices required to reference a vertex;
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points: the indices of the interface points within the current mesh;

gridloc: the location of indices within the current mesh described by points. It also identifies the lo-
cation of indices described by an index_range in a donor mesh. This allows the flexibility to describe
overset interfaces for cell-centered quantities.

54.6 mismatched_mesh_region

A Jnismatched_mesh_region is a mismatched connection that is abutting or overset.

EX

[PRESS specification:

WH

EN

At

TTTY mismatched_mesh_region

SUBTYPE OF (mismatched_mesh_connection);

Honor : mismatched_donor_mesh;

kind : mismatched_region_type;

FRE

WR1 : donor.donor :<>: SELF\mesh_connectivity$current;
D_ENTITY;

ribute definitions:

do

hor: an adjacent structured or unstructiited donor mesh;

kind: the kind of connection.

Fo

‘'mal propositions:

Inf]

R1: the donor mesh.shall not be the same as the current.

ormal prepositions:

ipl:

si

when the kind is abutting the range or vertices shall describe a face subrange (i.e., points

le-<computational mesh plane);

ip2: when the kind is abutting the structured_donor shall also describe a face subrange;

54.7 multiple_mesh_block

A multiple_mesh_block is a grouping of connected meshes. All mesh connectivity information pertain-
ing to the group is contained in the multiple_mesh_block structure. This includes abutting interfaces
(general mismatched and 1-to-1), overset-mesh interfaces, and overset-mesh holes.

©ISO 2011 — All rights reserved
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All the interface patches for a given mesh in the group are contained in the multiple_mesh_block entity
for that group. If a face of a mesh touches several other meshes (say V), the N different instances of the
mesh_connectivity structure must be included in the multiple_mesh_block to describe each interface
patch.

NOTE 1 This convention requires that a single interface patch be described twice — once for each adjacent
mesh. It also means that the multiple_mesh_block is symmetrical with regard to interface patches.

EXPRESS specification:

ENFITY multiple_mesh_block;

hame : label;

Hescription : text;

i d : identifier;

connectivities : LIST OF mesh_connectivity;

ENp_ENTITY;

Atfribute definitions:

name: user-specified instance identifier;
description: annotation;

idd an identifier;

connectivities: the connectivity information.

5.4.8 structured ~donor_mesh

A structured_donor_mesh is a mismatched_donor_mesh that is structured.

EXPRESS specification:

ENLITY structured donor mesh
SUBTYPE OF (mismatched_donor_mesh);

SELF\mismatched_donor_mesh.donor : structured_mesh;
points : listed_real_data;
vsize : INTEGER;
DERIVE
index_count : INTEGER := donor.index_count;

END_ENTITY;

(*
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Attribute definitions:

donor: the structured donor mesh;

points:

the image of the receiver mesh interface points in the donor mesh. These may be thought of as

bi- or tri-linear interpolants (depending on dimension) in the computational mesh of the donor mesh.
FORTRAN multidimensional array ordering shall be used;

vsize: the size of the data array necessary to contain the interface points;

ing

S.

An

EX

lex_count: the number of indices required to reference a vertex.

1.9 unstructured_donor_ mesh

unstructured_donor_mesh is a mismatched_donor_mesh that is unstructored.

[PRESS specification:

EN

DE

EN

At

TTITY unstructured_donor_mesh

SUBTYPE OF (mismatched_donor_mesh);
SELF\mismatched_donor_mesh.donor : unStructured_mesh;
cells : indices_group;

interpolant : property_distributiod/Zdescription;

size : INTEGER;

RIVE

i ndex_count : INTEGER := done¥r:index_count;

D_ENTITY;

ribute definitions:

do

hor: the unstructured donor mesh;

cells: contains.thedonor cell where the node is located;

interpolant:\contains the interpolation factors to locate the node in the donor cell;

vsize: the size of the data array necessary;

in(lex_count: the number oI 1ndices required to rererence a vertex;

EXPRESS specification:

*)

END_SCHEMA; -- end of mesh_connectivity_schema

(*
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6

Mesh function

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

EXPRESS specification:

(*

HEMA mesh_function_schema;

REFERENCE FROM mathematical_functions_schema —-— ISO 10303750
(application_defined_ function,

maths_function,

function_is_table);

REFERENCE FROM mesh_topology_schema -—1S0 10303-52
(mesh) ;
REFERENCE FROM IS013584_generic_expressions_schema ¢ =~ ISO 13584-20

(generic_expression,
unary_generic_expression) ;

NQ
m

TE The schemas referenced above can be found in the following parts of ISO 10303:
thematical_constructs_schema ISO 10303-50

mesh_topology_schema Clause 4 of this*part of ISO 10303
I§O13584_generic_expressions_schema ISO 13584:20

6.

Th
meg

6.

Th
ma

General

s schema defines and describes the structure types for describing mathematical functions defined ¢

shes.

D Fundamental concepts and assumptions

cell of the mesh.

6.

B mesh_function_schema entity definitions

e mesh functions defined in this schema are interpolation functions defined over a mesh. The m
y be either structiired or unstructured and individual interpolation functions can be defined for e

Ver

esh
ach

6.

N | mesh_function

A mesh_function is an application_defined_function that:

50

has a domain that consists of a table of real tuple spaces;

The table is a one dimensional array for an unstructured mesh, but can be a rectangular array of any

dimension for a structured mesh.
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The real tuples can have different dimensions, if the mesh contains cells of different dimensions.

The real tuple spaces can have different bounds, if the mesh contains cells of different shape, such
as wedges and hexhedra.

has a set of control values, such that the function within each cell is determined by a subset of the

control values and basis for that cell.

EX

The assignment of control values to cells is determined by the topology of the mesh. Al con
value is usually, but not necessarily, the value of the function at a position within the mesh.

interpolates or extrapolates separately within each cell from the control values assighed to that

[PRESS specification:

EN

DE

WH

EN

At

TITY mesh_function
SUBTYPE OF (application_defined_function,
unary_generic_expression);

mg

ba
eaq

sh: the miesh for the mesh_function;

is: _the-mesh_function_basis specifying the methods of interpolation or extraction for use wi
hrcell of the mesh;

trol

ell.

nesh : mesh;

basis : LIST OF mesh_function_ba8is;

uniform : BOOLEAN;

vertex_values : BOOLEAN;

RIVE

control_values : maths_functiom()= SELF\unary_generic_expression.operang;

FRE

WR1 : function_is_table (control_values);

WR2 : (uniform AND (SIZEOF<basis) = 1)) XOR
(NOT uniform);

D_ENTITY;

ribute definitions:

hin

uniform: a flag which indicates whether or not the the mesh_function has a uniform basis, as follows:

if uniform is true, then each cell of the mesh has the same mesh_function_basis;

if uniform is false, then a mesh_function_basis is specified separately for each cell of the mesh.

vertex_values: a flag that indicates whether or not the control_values are specified for the vertices or

the

cells of the mesh, as follows:

©IS0O 2011 — All rights reserved
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Table 5 — Domain of the control values table for a mesh_function

mesh location domain
unstructured | values at cell vertices 1 where:

— 1 is the position in the vertex array specified for
the unstructured mesh.

unstructured | discretisation points for | ji, j2, . .. jm, ¢ Where:

each cell —  J1,72,---Jm is the position in the pattern)of
discretisation points, for the cell basis

— ¢ is the position in the cell array specified for
the unstructured mesh.

structured | values at vertices 11, %2, . . . I, Where:

— i1,49,...%y 1S the Ahdex of the vertex in the
structured mesh(

structured | discretisation points for | ji, j2, . . . jm, 2323, - - . i, Where:

each cell —  j1,j2.- N7, is the position in the pattern of
diseretisation points, for the cell basis;

— 1,19, .. .1, is the index of the vertex the struc-
tured mesh.

—| if vertex_values is true, thenithe control_values are specified for the array of unique vertex for|the
cells of the mesh;

—| if vertex_values is false, then the control_values are specified separately for the pattern of discieti-
sation points for.each cell of the mesh.

control_values: the table that specifies the control values at the vertices of the cells of the mesh qgr at
the discretisation-points of each cell.

ThE table shall be a function with:

domain: integer tuple space that identifies the vertices or discretisation points of the mesh_func-
fion,

range: that is the same as the range of the mesh_function.

NOTE 1 The range and domain of this function are the attributes explicit_range and explicit_domain inherited
from the supertype application_defined_function.

The components of the integer tuple space domain are shown in Table 5.
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Formal propositions:

WRI1: the control values shall be a table;

WR2: if uniform_basis is true, then the length of the basis list shall be 1.

6.3.2 mesh_function_basis

A mesh_function_basis is an application_defined_function that has:

NQ
ac

Ea

NQ

Ea
in g
N

to
ang

EX

a domain that is a real tuple space; and

a range that is a space of table functions.

TE 1 A mesh_function_basis is used such that the domain is a parametric spaCe that identifies points wi
1l of a mesh. Hence the dimension of the real tuple space is the same as the tepological dimension of the ¢

Ch table function in the range of a mesh_function_basis has:

a domain that is a subscript space; and
a range that is the reals.
TE 2 A mesh_function_basis is used such that:

the domain of each table function in its range-s a parametric space that identifies the control values for a

the range of each table function is a(weighting for a control value.

h table function specifies the yweightings for control values that define the value of a mesh_function at a p
cell.

ecord a standard_ifistance of a function such as the ‘serendipity’ function commonly used in finite elen
lysis.

[PRESS: specification:

thin
ell.

ell;

pint

TE 3  An Application"Module can define a subtype of mesh_function_basis and externally_defined_ifem

hent

*)

ENTITY mesh_function_basis

SUBTYPE OF (application_defined_function,
unary_generic_expression);

cell topological_dimension : INTEGER;

value_array_dimension : INTEGER;
value_array_order : ARRAY [1l:value_array_dimension] OF INTEGER;
DERIVE

value_positions

©ISO 2011 — All rights reserved
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WHERE
value_positions_as_table : function_is_table(value_positions);
END_ENTITY;

(*

Attribute definitions:

cei
function_basis;

va
thd

va

va
mg
ing

Th

ap
thd

Fo

_topological_dimension: the dimension of the real tuple space that is the domain of the meJh_-

ue_array_dimension: the dimension of the subscript space for each table functionn the rang
mesh_function_basis;

ue_array_order: the number of control values less one, for each value array direction;

ue_positions: the table that specifies the ‘positions’ of the control valués within the domain of]
sh_function_basis. The ‘position’ of a control value is the point withinnthe domain that has a wei
of 1.0 for that control value and a weighting of 0.0 for all other conftol values.

e value_positions table shall be a function that has:

a domain that is an integer tuple space that identifies diseretisation points for a cell; and

a range that is a real tuple space that identifies positions in a cell.

ontrol value for a mesh_function_basis need:not have a position. Whether or not a control value
osition is determined by the mesh_function basis. If a control value does not have a position t
corresponding value of the value_positions function is of no signficance.

‘'mal propositions:

va

Inf

ue_positions_as_table: ‘thé value_positions shall be a table.

ormal propositions:

Co

cal_dimension of any cell to which the mesh_function_basis is assigned.

consistent_value_position_table_domain: the domain of the table of control value positions shal

e of

the
rht-

has
hen

sistent_.topology_dimension: the cell_topological_dimension shall be the same as the topol9gi-

be

consistent with the value_array_order. It shall be the tuple space that 1s the Cartesian product of integer
intervals [1,n1] X [1,ng] X ---[1,ny,], where:

m is the value_array_dimension; and

n; is value_array_order[i] + 1.

consistent_value_position_table_range: the dimension of the tuple space that is the range of the table
of control positions shall be equal to the cell_topological_dimension.
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valid_weighting_at_value_position: if a control value is assigned to a position, then the value of the
mesh_function_basis at that position shall be:

There is a ONEOF relationship between the mesh_function and mesh_function_basis’subtypes of
ication_defined_function.

e

p

EXPRESS specification:

1 for the control value assigned to the position;

0 for all other control values.

t] mesh_Tlunction_schema subtype constraint delinitions

4.1 scl_application_defined_function

SUBTYPE_CONSTRAINT scl_application_defined_function FOR

ENp_SUBTYPE_CONSTRAINT;

There is a ONEOF relationship between the mesh_function and mesh_function_basis subtype;s
unpry_generic_expression.

EXPRESS specification:

application_defined_functdipn;
DNEOF (mesh_function,
mesh_function_basis);

1.2 scl_unary_generic_expression

BTYPE_GONSTRAINT scl_unary_generic_expression FOR
unary_generic_expression;
DNEOR (mesh_function, mesh_function_basis);

of

DSUBTYPE_CONSTRAINT;

EXPRESS specification:

*)
EN

(*

D_SCHEMA; -- end of mesh_function_schema
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Ta

Annex A
(normative)

Short names of entities

le A1 prnviﬂpc the short names of entities cppr‘iﬁpﬂ n-this pqrt of IS0 10303 ppqnirpmpnfc on the

usg of short names are found in the implementation methods included in ISO 10303.
NQTE 1 The short names are available from the Internet — see annex C.
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Table A.1 — Short names of entities

Entity data types names Short names
array_based_unstructured_mesh ABUM
array_based_unstructured_mesh_and_vertices | ABUMAV
cell CELL
cell_of_structured_mesh COSM
cell_with_explicit_boundary CWEB
explicit_unstructured_mesh EXUNMS
extraction_of_structured_submesh EOSS
extraction_of_submesh EXOFSB
extraction_of_submesh_by_cells EOSBC
extraction_of_submesh_by_vertices EOSBV
indices_list INDLST
indices_range INDRNG
matched_mesh_connection MTMSCN
mesh MESH
mesh_connectivity MSHCNN
mesh_derived_maths_space MDMS
mesh_function MSHENC
mesh_function_basis MSFNBS
mesh_overset_hole MSOVHL
mismatched_donor_mesh MSDNMS
mismatched\ymesh_connection MSMSCN
mismatched_mesh_region MSMSRG
multiple mesh_block MLMSBL
product_of _mesh PROFMS
rind RIND
structured_donor_mesh STDNMS
structured_mesh STRMSH
structured_mesh_with_rind SMWR
submesh SBMSH
unstructured_donor_mesh UNDNMS
unstructured_mesh UNSMSH
vertex_defined_cell VRDFCL
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Annex B
(normative)

Information object registration

VLA | VLY &l i
1 BULUlllt!lll IUcCIcauovil

provide for unambiguous identification of an information object in an open system, the objeet idg

{ iso standard 10303 part(52) version(-1) }

issigned to this part of ISO 10303. The meaning of this value is defined/in ISO/IEC 8824-1, an
cribed in ISO 10303-1.

2 Schema identification

provide for unambiguous identification of the mesh_topolegy_schema in an open information
1, the object identifier

{ iso standard 10303 part(52) version(1)schema(1) mesh-topology-schema(1) }

D/IEC 8824-1, and is described in ISO 10303-1.

provide for unambiguous identification of the mesh_connectivity_schema in an open informa
tem, the object identifier

{ iso standard 18303 part(52) version(1) schema(1) mesh-connectivity-schema(l) }

issigned to the mesh. connectivity_schema schema (see 5). The meaning of this value is define
D/IEC 8824-1,and is described in ISO 10303-1.

providefor unambiguous identification of the mesh_function_schema in an open information
1, the 'Object identifier

nti-

ys-

issigned to the mesh_topology_schema, sChema (see 4). The meaning of this value is defined in

ion

1 in

ys-

{150 standard 10303 part(52) version( 1) schema( 1) mesh-tunction-schema(l) J

is assigned to the mesh_function_schema schema (see 6). The meaning of this value is defined in
ISO/IEC 8824-1, and is described in ISO 10303-1.
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Annex C
(informative)

Computer-interpretable listings

'A--- nrovide 2 listine o he A..._"-- name shala --{_eeln-

fieql in this Part of ISO 10303 without comments or other explanatory text. This annex is aavailablg in
computer-interpretable form and can be found at the following URLs:

Short names: <http://www.tcl84-sc4d.org/Short_Namesy >

EXPRESS: <http://www.tcl84-sc4.org/EXPRESS/>

©IS0O 2011 — All rights reserved 59


https://standardsiso.com/api/?name=ebfff41b1c369fb2aab52b381c38bbcc

ISO 10303-52:2011(E)

Figures D1 ﬂ'\rnngh D 10 r\nrrpcpnnr‘] tothe EXPRESS givpn mannex C The diaoramsuse the EXPR
(=

Annex D
(informative)

EXPRESS-G diagrams

G graphical notation for the EXPRESS language. EXPRESS-G is defined in ISO 10303-11.

boundary S[1: 7]

topology_schema.

I\ topological_representation_item

cell with_

explicit_boundary

description

1,1 (4,7,9)

mesh

index_count

bi

T description
cell
dimension
——d INTEGER
1

(6,1 vertex_defined_cell

)

C6, 1 cell_of_structured_mesh )

4,1 submesh

.

]

@ ,1 unstructured_mesh

) @,1 structured_mesh

2SS-

Figure D.1 — Entity level diagram of mesh_topology_schema schema (page
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