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Foreword

The Internation& Organizatio for Standardizatio (ISO) is a worldwide federation of national
standard bodies (ISO membe bodies) The work of preparig Internation& Standard is normally
carried out through 1SO technich committees Each membe body interesté in a subjed for which
a technich committee has been establishd has the right to be representd on that committee.
Internation& organizationsgovernmenthand non-governmentalin liaison with ISO, also take part

infthe work. TSO collaborate closely with the Internationa ElecirotechniceCommissiol (IEC) on
miattes of electrotechnidastandardization.

Al

Dratft Internation& Standard adoptel by technicd committee are circulateal to the membe bodies for

voting. Publication as an Internation& Standad requires apprové by at leag 75% ©f ‘the mem
bodies castirg avote.

Internation& Standad 1SO 10303-25 was preparé by Technicd CommitteeNSO/TC 184, Industr
ayitomation systers and integration Subcommitte SC4 Industrid data

integration - Produd data representatio and exchange

— Pat 1, Overview ard fundamenthprinciples;

— Pat 11, Description methods The EXPRESS Jangua@ referene manual;

— Pat 12, Description method The EXPRESSI langua@ referene manual;

— Pat 21, Implementatio methods Clea text encodiry of the exchang structure;

— Pat 22, Implementatio method* Standad dat acces interfae specification;

— Pat 23, Implementatioa‘method C++ langua@ binding to the standad dat acces interfa

— Pat 24, Implementatio method C langua@ binding to the standad dat acces interface;

access;
— Part31, Conformane testirg methodolog and framework Genera concepts;

— PRat 32, Conformane testirg methodolog and framework Requiremergon testirg laborato

Der

al

ISO 103@ consiss of the following pars unde the generdtitle Industrid automatian systers aphd

€,

— Pat 26, Implementatio method Interface definition languag binding to the standad data

es

a2 cliants:
o CHEe S,

— Pat 34, Conformane testirg methodolog and framework Abstrad¢ tes methods;

— Pat 35, Conformane testirg methodolog and framework Abstra¢ ted method for SDAI

implementations;

— Pat 41, Integratel generc resourcesFundamental of produd description and support;

Vii
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— Pat 42, Integratel generc resourcesGeometr¢ ard topologica representation;
— Pat 43, Integratel generc resourcesRepresentatio structures;
— Pat 44, Integratel generc resourcesProdud structue configuration;

— Pat 45, Integratel generc resource Materials;

at46ntegratel-genereresotrcesvisuapresentation:

— Pat 47, Integratel generc resource Shape variation tolerances;

— Pat 49, Integratel genert resource Proces structue and properties;

— Pat 101, Integratel applicatian resource Draughting;

— Pat 104, Integrate application resource Finite elemen analysis;

— Pat 105, Integratel application resource Kinematics;

— Pat 106, Integrate application resource Building constructim core model;

— Pat 201, Application protocol Explicit draughting;

— Pat 202 Application protocol Associatie draughting;

— Pat 203 Application protocol Configuration controlled design;

— Pat 204, Application protocol Mechanich design using bounday representation;
— Pat 205, Application protocot’Mechanich design using surfae representation;
— Pat 207, Application. protocol She¢ metd die plannirg and design;

— Pat 208 Application protocol Lif e cycle managemen Chang process;

— Pat 209 _Application protocol Composie ard metallic structurd analyss ard relatal design;
— Pat 210 Application protocol Electront assemblyinterconnetand packagiy design;

—Pat 212 Application protocol Electrotechnicldesigh ard installation

— Pat 213 Application protocol Numericd contrd proces plars for machinel parts;
— Pat 214, Application protocol Core data for automotie design;
— Pat 215 Application protocol Ship arrangement;

— Pat 216, Application protocol Ship mouldeal forms;

viii
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— Pat 217, Application protocol Ship piping;

— Pat 218 Application protocol Ship structures;

— Pat 221, Application protocol Function& dat and their schemat representatio for process
plant;

— Pat 223 Application protocol Exchang of desigh and manufacturig produd informatian for
castirg parts;

— Pat 224, Application protocol Mechanicaprodua definition for proces plansusing machin|ng
features;

— Pat 225, Application protocol Building elemens using explicit shag representation;
— Pat 226, Application protocol Ship mechanichsystems;
— Pat 227, Application protocol Plart spatia configuration;

— Pat 229 Application protocol Exchang of desigiard manufacturig produd information for
forged parts;

— Pat 230, Application protocol Building structura frame Steelwork;

— Pat 231, Application protocol Proces engineerig data Proces design ard procgss
specificatimm of majar equipment;

— Pat 232 Application protocot'Technic dat packagimg core information and exchange;
— Pat 301, Abstrad tedisuite Explicit draughting;

— Pat 302 Abstrad-ted suite Associative draughting;

— Pat 303 Abstrad ted suite Configuration controlled design;

— Pat 304, Abstrad ted suite Mechanica desigh using bounday representation;

—Pat 305, Abstrad ted suite Mechanica desig using surfa@ representation;

— Pat 307, Abstrad ted suite Shee¢ metd die plannirg and design;
— Pat 308 Abstrad ted suite Lif e cycle managemen Chang process;
— Pat 309 Abstrad ted suite Composie and metallic structurd analyss and related design;

— Pat 310 Abstrad ted suite Electront assemblyinterconnectand packagig design;
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— Pat 312 Abstrad ted suite Electrotechnichdesigh and installation;
— Pat 313 Abstrad ted suite Numericad contrd proces plans for machine parts;
— Pat 314, Abstrad ted suite Core dat for automotive mechanichdesign;

— Pat 315 Abstrad ted suite Ship arrangement;

DPaod 21 Al
L J

Vad o Ihia oy al-f
ant o1y A L 1 I

Gt T P 1ol
aug (Ca oSuUlit STHIP TTITOUUTUTA

S ofms;

— Pat 317, Abstrad ted suite Ship piping;

— Pat 318 Abstrad ted suite Ship structures;
— Pat 321, Abstrad ted suite Functiond dataand their schemati representatiofor proces plant;
— Pat 322 Abstrad ted suite Exchang of produd data for composig structures;

— Pat 323 Abstrad ted suite Exchang of design and manufacturig produd information for
castirg parts;

— Pat 324, Abstrad teg suite Mechanich produd definition for proces plans using machin|ng
features;

— Pat 325 Abstrad ted suite Building elemen$:-using explicit shap representation;
— Pat 326, Abstrad ted suite Ship mechanichsystems;
— Pat 327, Abstrad ted suite Plartispatid configuration;

— Pat 329 Abstrad ted suite ‘Exchang of design and manufacturig produd information for
forged parts;

— Pat 330 Abstrad-ted’suite Building structurd frame Steelwork;

— Pat 331, Abstrad teg suite Proces engineerig data Proces desigh ard proces specificatjon
of majar equipment;

— Pat 332 Abstrad ted suite Technica daia packagim core information and exchange;

—Pat 501, Application interpretel construct Edge-base wireframe;

— Pat 502 Application interpretel construct Shell-basd wireframe;
— Pat 503 Application interpretel construct Geometricaly boundel 2D wireframe;
— Pat 504, Application interpretel construct Draughtirg annotation;

— Pat 505, Application interpretel construct Drawing structue and administration;
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— Pat 506, Application interpretel construct Draughtirg elements;
— Pat 507, Application interpretel construct Geometricaly boundel surface;
— Pat 508 Application interpretel construct Non-manifol surface;

— Pat 509 Application interpretel construct Manifold surface;

— Pat 510 Application interpretel construct Geometricaly boundel wireframe;

— Pat 511, Application interpretel construct Topologically boundel surface;

— Pat 512 Application interpretel construct Facete bounday representation;

— Pat 513 Application interpretel construct Elementay bounday representation;

— Pat 514, Application interpretel construct Advancel bounday.fepresentation;

— Pat 515 Application interpretel construct Constructie seglid-geometry;

— Pat 517, Application interpretel construct Mechanic&desighn geometre presentation;
— Pat 518 Application interpretel construct Mechanich design shade representation.

The structue of this Internation& Standad is describe in 1ISO 10303-1 The numberiry of the parts
off the Internation& Standad reflecs its structure:

— Pars 11 to 12 specify the descriptimn methods,

— Pars 21 to 26 specify the imptementatio methods,

— Pars 31 to 35 specifythe conformane testirg methodolog ard framework,
— Pars 41 to 49 specify the integratel generc resources,

— Pars 101 to 106 specify the integrata application resources,

— Parg 201 to 232 specify the application protocols,

—Pars 301 to 332 specify the abstrat teg suites and

— Pars 501 to 518 specify the application interpreta constructs.
Shoutl further part be published they will follow the sarme numberiry pattern.

Annexes A, B, C, D, ard E form anormatiwe patt of this part of ISO 10303 Annexes F, G, H, J, and
K are for informatian only.

Xi
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Introduction

ISO 103 is an Internation& Standad for the computer-interpretablrepresentatio and exchang of
produ¢ data The objective is to provide a neutrd mechanim capabé of describirg produ¢ data
throughou the life cycle of a product independenfrom arny particula system The natue of this
description makes it suitabk not only for neutra file exchangebut also as a bass for implementing
ard sharirg produd¢ databasgard archiving.

ISO 103 fall into one of the following series description methodsintegratel resourcesapplicatjon
interpretel constructs application protocols abstrat ted suites implementatio methods and
cgnformane testing The series are describé in 1ISO 10303-1 This part of 1ISO 103@.jsa member
of| the application protocd series.

TS Tniernationa Standad 1S organizel as a Series of partg ead publishel separately The parlIf

This patt of ISO 103 specifies an application protocd (AP) for the exchang’ef building elemgnt
shape property amd spatid configuration information betwe& architecture engineering and
construction (AEC) application systens ard relatel systens using explicit)three-dimensioriashape
rgpresentations.

Miany differert institutiors are engage in the design erectionimanagementard maintenane |of
ildings ard constructions As thes institutiors shift towaith.the increasd application of three-
ensionbComputer-Aide Design (CAD) modelling systemsdatexchangisof crucid importamce
all participans in the desigh and constructio process A fundamenthcomponenh of the data
exchang is the shaye ard arrangemeinof the elemensof which a building is composedThis patt |of

Figure 1 contairs the daia planning modd tha\provides a high levd descriptio of the requiremgnts

The plannirg modé illustrates tha~a building complex consiss of buildings and a site shapg a

ilding consiss of building sections ard a building sectian is composd of building items Egdch
ilding item is composd of shag componehtha may be explicitly representg by a faceted pn

elementaryor an advance-shapeA faceta sha consiss of lines ard planes An elementay shape
consiss of lines planes-<eircles ellipses hyperbolasparabolasb-splire curves cylindrica surfades,
conicd surfacestoroidd -surfacesand spherica surfacesAn advancd shag can consis of any kipd
off curve or surfa@definal in ISO 10303-42 Figure 2 illustrates the nestel relationshp betwea thgse
shapesthe elemens tha compog a faceta shap are asubse of those tha compog an elementary
shape ard the-elemens tha compog an elementay shag are asubseé of thos tha compog pn

a:f(\j/ancd shapeBoth building elemens$ and shay@ componerg can be further describe by properties
and classifications.

Thi he

This application protocd defines the context scope and information requiremer for the exchange
of building elemens using explicit shag representatio and specifies the integratel resources
necessar to satisl these requirements.

Xii
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Building Site shape
complex representation
Properties-and Cla q
r . . \/llalls\.« Al
Building classifications approval
Building Building Shape
section item component
Explicit
shape
representation
| ]
Faceted Elementary Advanced
shape shape shape

Figure1l - Data planning model

Application protocok provide the bask for developiry implementatios of 1ISO 103 and abstrattést
suites for the conformane'testirg of AP implementations.

Clau® 1 defines the scope of the application protocd and summarize the functionality and data
cqveral by the AP) Clausg 3lists the words defined in this part of ISO 1033 and gives pointess|to
wprd defined:elsewhereAn application activity modé that is the bass for the definition of the scqpe
is[providedin anne F. The information requiremerd of the applicatian are specified in clause 4 using

terminelog appropriat to the application A graphicdrepresentatioof the information requirements,
rgferfad'to as the application referene mode| is given in ann G.

Resoure construcs are interpretel to med the information requirementsThis interpretatian produces
the application interpretel modd (AIM) . This interpretation given in 5.1, shows the correspondence
betwee the information requiremerg and the AIM . The shot listing of the AIM specifiestheinterface
to the integratel resource ard is given in 5.2 Note that the definitions and EXPRESS provided in
the integratel resource for construcs usel in the AIM may include selet list items and subtypes
which are not imported into the AIM. The expandd listing given in annex A contairs the complete
EXPRESS for the AIM without annotation A graphicé representatio of the AIM is given in annex
H. Additiond requiremerg for specifc implementatio method are given in ann C.

Xiii
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Advanced Shapes

Elementary Shapes

Faceted Shapes

Figure 2 - Nestal relationship of shape representation functionality
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Industrial automation systems and integration —
Product data representation and exchange —
Part 225:

Application protocol: Building elements using explicit shape
represerntation

1| Scope

This part of ISO 10303 specifies the use of the integrated resources (necessary for the| scope and
information requirements for the exchange of building element_shape, property, arld spatial
configuration information between application systems with explicit.shape representations Building
elements are those physical things of which a building is compesed, such as structural elements,
emclosing and separating elements, service elements, fixtures ‘and equipment, and spaces.

NOTE 1 - See 3.3.1.3 for definitions of these terms and<corncepts.
Building element shape, property, and spatial configuration information requirements can pe used at
al] stages of the life cycle of a building, including:the design process, construction, and majntenance.
Building element shape, property, and spatial ganfiguration information requirements specified in this
part of ISO 10303 support the following activities:

— concurrent design processes or building design iterations;
— integration of building structure designs with building systems designs to enable design analysis;
— building design visualization;

— specifications for gonstruction and maintenance;

— analysis and-review.

NOTE-2\-""Support" of these activities does not imply satisfaction. Satisfaction of the infprmation
requirements for construction, for example, would require a complete building design. This part of 1ISO
10303 only satisfies a portion of information requirements for this activity. See 3.3.1.1.

EXAMPLE 1
=7 Vi o=

A daocian anahsoic fianeatinn ~ambhainac the hnldina otrpintrirn Aacian vt by alAing Service
A OCoIgaty Sto o o SO C o triCoumOmg—StaCtar C— G C Srg—vv it - Doty

systems designs (for systems such as heating, ventilation, and air condition (HVAC) and piping) to check
for interferences of the structural elements with piping and air conditioning elements.

NOTE 3 - The application activity model in annex F provides a graphical representation of the processes
and information flows that are the basis for the definition of the scope of this part of ISO 10303.
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The following are within the scope of this part of ISO 10303:
— explicit representation of the three-dimensional shape of building elements using boundary
representation (B-rep) solid models, swept solid models, or constructive solid geometry (CSG)
models.

— the spatial configuration of building elements that comprise the assembled building;

— building structures that represent physically distinct buildings that are part of a singlg building
complex;

— non-structural elements that enclose a building or separate areas withina building;

— the shape and arrangement of equipment and service elementsnthat provide sefvices to a
building;

EXAMPLE 2 - Service elements include items such as plumbing,(ductwork, and conduits. Bquipment
includes items such as compressors, furnaces, or water heaters!

— the shape and arrangement of fixtures in a building;
EXAMPLE 3 - Fixtures include items such as furnituresand installed items like doorknobs.
— specification of spaces and levels;

EXAMPLE 4 - Spaces include rooms, accesses, and hallways. Levels include concepts such gs floors and
mezzanines of a building.

— the shape of the site on which(the building will be erected;
— specification of properties of building elements, including material composition;
— specification of classification information;

EXAMPLE 5 - Elements may be classified for reasons which include cost analysis, acoustics, |or safety.
— association’of properties and classification information to building elements;

— changes to building element shape, property, and spatial configuration information;

£ association of approvals with building element shape, property, and spatial configuration
information.;

— as-built record of the building.
The following are outside the scope of this part of ISO 10303:

— 2D shape representation and draughting presentation;
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— the contents of building standards;

— implicit representation of building elements through selection of standard parameters;

— structural analysis of building structures, including loads, connections, and material properties

required for analysis;

— thermal analysis of buildings;

— the assembly process, joining methods, and detailed connectivity of building elemen
— building maintenance history, requirements, and instructions;
— approval, revision, versioning, and design change histories;
— building elements without explicit shape representation;

— bills of quantities.

NOTE 4 - Inindustries other than AEC, bills of quantities are‘often referred to as bills of mate

2| Normative references

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

ISO 8824-1:1994nformationstechnology - Open systems interconnection - Abstract syntax
ome (ASN.1) - Part 1: Speeification of basic notation.

IO 10303-1:1994Industrial automation systems and integration - Product data representa
exchange - Part I--Overview and fundamental principles

rial.

rovisions
andards
couraged to
ed below.

notation

lion and

IO 10303-1%1:1994ndustrial automation systems and integration - Product data representation and
exchangel- Part 11: Description methods: The EXPRESS language reference manual.

ion and

ISO 10303-31:1994ndustrial automation systems and integration - Product data representation and

exchange - Part 31: Conformance testing methodology and framework: General concepts

ISO 10303-41:1994ndustrial automation systems and integration - Product data representation and
exchange - Part 41: Integrated generic resources: Fundamentals of product description and support
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ISO 10303-42:1994ndustrial automation systems and integration - Product data representation and
exchange - Part 42: Integrated generic resources: Geometric and topological representation

ISO 10303-43:1994ndustrial automation systems and integration - Product data representation and
exchange - Part 43: Integrated generic resources: Representation structures

ISO 10303-44:1994ndustrial automation systems and integration - Product data representation and
exchange—"Part44—ntegratedgeneric resources—Product structureconfiguration

IO 10303-45:1998ndustrial automation systems and integration - Product data representation and
exchange - Part 45: Integrated generic resources: Materials.

3| Definitions and abbreviations

3|1 Terms defined in ISO 10303-1
This part of ISO 10303 makes use of the following terms defined in ISO 10303-1:
— application;

— application activity model (AAM);

— application interpreted model (AIM);
— application object;

— application protocol (AP);

— application reference-model (ARM);

— conformance testing;

— implementation method,;

— integratéd resource;

—/PICS proforma,;

— product;
— product data;

— unit of functionality (UoF).
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3.2 Terms defined in ISO 10303-31

This part of ISO 10303 makes use of the following terms defined in ISO 10303-31:

— abstract test suite (ATS);

— conformance class;

3

F

Cd

el

3.
el
el

di

3.

13.2 building component:named features that represent functional characteristics of the

3.4 explicit shape:-representation:the geometric data that describes or defines the

provide afunction or service.

— implementation under test (IUT);

— protocol information and conformance statement (PICS).

3 Other definitions

pr the purposes of this part of ISO 10303, the following definitions apply.

nstruction, and maintenance of a building.

Ement.

EXAMPLE 6 - A beam may be composed of additive components such as a shaft and br
negative subtractive components such as notches:”The components are treated as indepeng
design changes and manipulation, such as for, moving the notch on the beam.
3.3 enclosing and separating elementghysical, non-structural building elements. Enc
Ements are attached to the exterior of\a building for weather protection or appearance.
ements divide interior spaces creating compartmentation of the structure.

NOTE - Structural elements may serve enclosing or separating functions. Enclosing and separati
are distinguished by the fact‘that they do not carry loads. Enclosing elements may also servd
functions.

mensional volumetric boundaries (i.e., the shape) of a building element.

3.5 fixtureséand equipment: discrete building element that are installed within a builo

EXAMPLE 7 - Doors, windows, and furniture are examples of fixtures and equipment.

;3.1 building design:the information that constitutes a specification_sufficient for the evajuation,

building

hckets and
ent items for

losing
Separating

hg elements
separating

three-

ing to

3.

3.6 service elementscomponents of systems that provide services to a building.

EXAMPLE 8 - Plumbing, power, heating, and cooling are services typical in buildings.
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3.3.7 spacesareas or volumes of a building formed by structural, enclosing, or separating element.

EXAMPLE 9 - Spaces include interior and exterior areas and volumes such as rooms, hallways, clearance
spaces, loading docks, offices, and entrances.

3.3.8 spatial configuration: the position and orientation of a building element within the spatial or
geometric context of an aggregate object which is comprised of the elements.

EXAMPLE 10 - One may refer to the "spatial configuration" of the building elements within‘aypuilding
section, for example.
3.3.9 structural elements:load bearing elements of a building.
EXAMPLE 11 - Load bearing elements of a building include things like walls,*floors, columns, beams,
and foundations.
3|4 Abbreviations
For the purposes of this part of ISO 10303, the following abbreviations apply:
AAM Application Activity Model
AEC Architecture, Engineering, and Construction
AIC Application Interpreted Construct
AlM Application Interpreted Model
AP Application Protocol
ARM Application Reference Model
ATS Abstract Test Suite
B-rep Boundary representation
CAD Computer-Aided Design/Draughting
GIS Geographic Information System
€SG Constructive Solid Geometry

HVAC Heating, Ventilation, and Air Conditioning

PICS Protocol Implementation and Conformance Statement
UoF Unit of Functionality
URL Uniform Resource Locator
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4 Information requirements

This clause specifies the information required for the exchange of building element shape

, property,

and spatial configuration information between application systems using explicit shape representation.

The information requirements are specified as a set of units of functionality, application objects, and

b
a

ea of this application protocol.
NOTES
1 - A graphical representation of the information requirements is given in annex G.

2 - The information requirements correspond to those of the activities-identified as being in th
this application protocol in annex F.

3 - The mapping table specified in 5.1 shows how the integrated resources and application
constructs are used to meet the information requirements of.this application protocol.

There are two fundamental assumptions that underlie the requirements in this clause
The second assumption is that the geometry regquirements for these application systems

by ISO 10303-42; detailed requirements for geemetry, therefore, are not included in this p
10303.

4|1 Units of functionality

This subclause specifies the units of functionality for the building elements using expli
regpresentation application pfetocol. This part of 1SO 10303 specifies the following
functionality:

— advanced_geometric_representation;

— building_component;

— building_composition;

—building_items;

assumption is this application protocol will be used for data exchange by basic AEC CAD

appplication asserions. These asSertions pertain to individual application objects and 10 rglationships
tween application objects. The information requirements are defined using terminology of{he subject

b scope of

interpreted

The first
systems.
will be met
art of 1ISO

Cit shape
units of

— design_administration;
— elementary_csg_representation;
— elementary_geometric_representation;

— faceted_csg_representation;
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— faceted_geometric_representation;
— property_and_classification;

— space_boundary_representation.

©ISO

The units of functionality and a description of the functions that each UoF supports are given below.

Ha—Aa—

T

4

T

T

4
T

el

T

ol surface. They are used to represent the complete shape and component shapes of buildi

e apﬁ”baﬁuiﬂl ubjcuto inctuded-nthe-HoFs-are-definedn—-4-2-
1.1 advanced_geometric_representation UoF

e advanced_geometric_representation UoF are geometric elements that consjst'of any k

— Advanced_b_rep;
— Advanced_curve;

— Advanced_face_with_thickness.

1.2 building_component UoF

a column. Another shape-gan be used to represent the shape of a positive addition on top of
block may be used tosrepresent a recess as a negative component of the column. Figure 3 il
use of components-in defining a shape.

ne following application objects are used by the building_component UoF:
— Building-element_component;

— CGamponent_location_in_element;

ne following application objects are used by the advanced_geometric. representation Uof:

nd of curve
g elements.

e building_component UoF represents the’component shapes that may be combined t¢ define the
shape of a building element. The building.component may correspond to the main shape of|a building
Ement or any of several positive or negative additions to the main shape. Many building cgmponents
cqrrespond to common terms such_ as shaft, bracket, door opening, window, and recess.

EXAMPLE 12 - A block can be used to represent the shape of the shaft as a structural component of

the shaft. A
ustrates the

— (‘nmpnnpnf chnpp;

— Negative_component;

— Opening;
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-) wmponer;t

(-) componeﬁi

N

(+) component

N

(+) component

{+) component

building components additions or subtractions building element

Figure 3 - Building components

— Positive_component;

— Recess.
411.3 building_composition UoF

The building_composition UoF represents the collection of building items and assemblies that specifies
thie arrangement of)items within a building complex. A building complex is composed of buildings;
a|building is decomposed into building sections; each building section is composed of building
elements, sueh as structural elements, enclosing elements, service elements, fixtures, equipment, or
spaces. Assemblies or groups of building items can be defined.

The-following application objects are used by the building_composition UoF:

— Building;
— Building_complex;
— Building_item;

— Building_level;
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— Building_position_in_complex;
— Building_section;
— Gis_position;

— Item_assembly;

— Item_group;

— Item_position_in_section;

— Item_proximity_relationship;
— Level_position_in_section;
— Placement;

— Section_position_in_building;
— Simple_curve;

— Sublevel.

411.4 building_items UoF

The building_items UoF represents the'discrete, large-scale, shape-related aspects of a|building or
things in the building. These aspects-may be physical items that contribute to the form or fnction of
thie building, or may be abstract gpaces that describe the usage of the building. A building|item is an
aspect of a building which has shape and is commonly used in discourse concerning the form or
function of a building.

The following application.objects are used by the building_items UoF:
— Building_element;

— Building~item;

— CGemponent_shape;

— Fixture_equipment_element;

— Service_element;

10
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— Space;
— Structure_enclosure_element.

4.1.5 design_administration UoF

The design_administration UoF represents the management of building element shape, property, and
spatial configuration information by specific individual(s). The management includes the approval,

mjodification, acceptance, or confirmation of the building element shape, property, an
configuration information. Approvals and change requests are based upon the evaluat
derived from the perspective of a given functional discipline. The individual performing.the e
is[recognized, acknowledged, and accepted as qualified to perform the evaluationsFhe mg
may be necessary to ensure that the building element shape, property, and spatial cg
information meets certain requirements. Change requests can be initiatedyby almost @
involved in the design process of a building.

EXAMPLE 13 - The structural engineer reviews and evaluates the(building design informa
respect to structural performance and approves it if it meets the requirements specified in builg
standards.

The following application objects are used by the design_@dministration UoF:

— Approval;

— Building_document_reference;

— Building_item_identification;

— Change_request.

4|1.6 elementary_csg_representation UoF

The elementary_csg_representation UoF consists of CSG primitives which are bounded
gg¢ometric surfaces sueh.as cylinders, cones, torii, and spheres. The primitives are used

thie complete shapeS~anhd component shapes of the building elements; they can be com
boolean operations;

The following-application objects are used by the elementary csg_representation UoF:

— Elementary_face_with_thickness;

d spatial
on criteria
aluation
difications
nfiguration
ANy person

tion with
ing design

by simple
o represent
bined using

Riaht circular cviindar-
~gH—GHFethal—cyHhRaer

— Solid_of _linear_extrusion;
— Solid_of _revolution;

— Trimmed_sphere;

11
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4

— Trimmed_torus;

— Truncated_cone.

1.7 elementary_geometric_representation UoF

©ISO

The elementary_geometric_representation UoF are geometric curves (such as lines and circles) and

T

4
T
SU

el

T

4

T
S6€

NOTE - An elementary_geometric_representation does not include advanced surfaces such
ne following application objects are used by the elementary_geometric_representation U
— Elementary_b_rep;

— Elementary_curve.

1.8 faceted csg_representation UoF
ne faceted_csg_representation UoF consists of CSGprimitive elements that are bounde
rfaces. The primitives are used to represent the complete shapes and component shapsg
ements; they can be combined using boolean .op€rations.

ne following application objects are used -by,the faceted _csg_representation UoF:

— Block;

— Truncated_pyramid.
1.9 faceted _geometric_representation UoF

ne faceted_geometric) representation UoF are geometric elements that consist of s
gments and elements that are bounded by planar faces. It is a representation that may

— straight4ines;

— planes bounded by straight lines;

syrfaces (such as planes, cylinders and cones) that are used to represent the compleig shapes and
cgmponent shapes of the building elements.

hs b-splines.

oF:

d by planar
s of building

raight line
consist of:

£<volumes bounded by planes.

They are used to represent the component shapes of Building_item objects.

The following application objects are used by the faceted_geometric_representation UoF:

— Facet_trigon;

— Faceted_b_rep;

12
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— Faceted_curve;
— Faceted_face_with_thickness;
— Faceted_surface_representation;

— Point;

ISO 10303-225:1999(E)
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— Puint_and_=inc_rcpfcocntatiun;

— Polyline;

— Site_shape_representation.

1.10 property_and_classification UoF

ne property_and_classification UoF represents non-shape information that is associated w
ements and components. The information augments the shape.information and is used
e specification of the building element, and enables the element to be produced.

EXAMPLE 14 - Simple material information, such as conerete type, is a property of a wall or
that may be specified for the approval or construction of a building. Such Properties are
specified as grades, ratings, or parameters that aresdocumented in national or internationag|
standards.

ne following application objects are used by-the property_and_classification UoF:
— Item_classification;

— Property.

1.11 space boundary- representation UoF

e space_boundary fepresentation UoF represents the shape of spaces within a buildin
ell representations-completely represent the shape of the space.

ne following application objects are used by the space boundary_representation UoF:
— Advanced_shell;

— Elementary_shell;

th building
0 complete

h column
commonly
codes and

g. Face and

— Faceted_shell;

— Ground_face.

13
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4.2 Application objects

This subclause specifies the application objects for the building elements using the explicit shape
representation application protocol. Each application object is an atomic element that embodies a
unique application concept and contains attributes specifying the data elements of the object. The
application objects and their definitions are given below.

A[Z T Advanced _b_rep

Anh Advanced_b_rep is a boundary representation solid that is composed of faces \with tinderlying
surfaces that may be one of the following: plane, cylindrical surface, conical surfaee’, - spherical surface,
toroidal surface, or b-spline surface.

NOTE - Compare with the definition of Elementary_b_rep (see 4.2.21) and_Faceted_b_rep (s¢e 4.2.26).
4|2.2 Advanced_curve

An Advanced_curve is a one-dimensional path through thtee-dimensional space that may be
miathematically described with one of the following types~of curve: line, polyline, circle,|ellipse,
hyperbola, parabola, or b-spline curve.

NOTE - Compare with definitions of Elementary_curve (see 4.2.22) and Faceted_curve (see 4.2.27).
412.3 Advanced face_ with_thickness

Anh Advanced_face_ with_thickness is a three-dimensional shape that has two parallel surfaces of one
ofl the following types: plane, cylindrical surface, conical surface, spherical surface, toroiddl surface,

oll b-spline surface. The surfaces have identical but arbitrary boundaries and are separated |by a normal
distance that is very small in comparison to the overall dimensions of the two surfaces.

NOTE - Compare with the,definition of Elementary_face_with_thickness (see 4.2.23) and Facegted_face_-
with_thickness (see 4(2.28).

4|12.4 Advanced-'shell

An Advanced shell is a contiguous, closed collection of topological faces with underlying surfaces that
may be of one the following types: plane, cylindrical surface, conical surface, spherical surface,
toroidal surface, or b-spline surface.

4125 Approval

An Approval is the acknowledgement that a building element shape, property, and spatial configuration
information meets evaluation criteria established from a certain functional perspective. The evaluation
and subsequent approval or disapproval is performed by an individual or organization that is
recognized and accepted as capable of making the evaluation.

14
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EXAMPLE 15 - An architect has the approval responsibility for ensuring that the building meets

community design standards.

The data associated with an Approval are the following:

— approver;

— date;

4

T

4

T

4

T

4

T

4

A
de

4

A

orlder to make the approval.

— purpose;

— status.

2.5.1 approver

ne approver specifies the individual or organization who made the approval.
2.5.2 date

ne date specifies the date that the approval was made.

2.5.3 purpose

e purpose specifies the functional role or objective of the evaluation or assessment pe

2.5.4 status

ne status specifies the state of thelapproval.

EXAMPLE 16 - "Approved"and "Not approved" are examples of status.

2.6 Block

Block is a three=dimensional, right, rectangular solid primitive. The size and shape of &
pscribed by thregeTeal values, which represent the length, width, and height dimensions of

2.7 Building

Building is a man-made structure erected to house, enclose, protect, or serve one or n

emtprpricnc or endeavours

rformed in

Block is
the Block.

ore human

The data associated with a Building are the following:

— address;

— description;

15
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4.

— name;
— owner;

— status.

2.7.1 address

©ISO

af

4

4

4

4

af

4
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The address specifies the alphanumeric designation used to identify the location of the-}

cordance with local postal codes. The address need not be specified for a particular Bu

2.7.2 description

The description specifies a textual explanation of the purpose or function of the building.

2.7.3 name

The name specifies a descriptive title assigned to the building!

2.7.4 owner

The owner specifies the individual or organization,who by legal acknowledgement posg
bdilding.

2.7.5 status

The status specifies a label indicating-that the information associated with a building is

hieved a certain level of life-cycle*maturity.

2.8 Building_complex

Building_complex is a collection of buildings located on a site.
ne data associated with a Building_complex are the following:
— description;

— glebal_position;

puilding in
ilding.

esses the

at or has

= 'narric,
— owner;

— surrounding_grounds_shape.

16
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4.2.8.1 description

The description specifies a textual explanation of the purpose or function of the building_complex.
4.2.8.2 global_position

The global_position specifies the information necessary for positioning the Building_complex on the
earth. See 4.3.1 for the application assertion.

412.8.3 name
The name specifies a descriptive title assigned to the Building_complex.

412.8.4 owner

The owner specifies the individual or organization who by legal acknowledgement posgesses the
Building_complex.

412.8.5 surrounding_grounds_shape
The surrounding_grounds_shape specifies a geometric_description that represents the topography of

the site on which a Building_complex is located. ¢<The surrounding_grounds_shape negpd not be
specified for a particular Building_complex. See 4.3:2 for the application assertion.

412.9 Building_document_reference

A|Building_document_reference is the identification of a document and a section within the flocument
thiat pertains to a Building_item (see 4.2.12) or a Building_element_component (see 4.2.1{1).

The data associated with a Building_document_reference are the following:
— document_type;

— identifier;

— item_in«document.

412.9.1~document_type

The-document_type specifies a label that specifies a descriptive label that indicates the purpose,
function, or role of the document.

4.2.9.2 identifier

The identifier specifies a designation that uniquely identifies a particular Building_document_reference.

17
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4.2.9.3 item_in_document
The item_in_document specifies a paragraph, section, or component of the document.
4.2.10 Building_element

A Building_element is a type of Building_item (see 4.2.12) that is a physical part of a bu

ilding or

blilding system that has a characteristic function. A Building_element may be one of the,following:

a[Structure_enclosure_element (see 4.2.57), a Service_element (see 4.2.51), or a Fixture”
element (see 4.2.31).

EXAMPLE 17 - "Characteristic functions" include purposes such as enclosing, ‘supporting, f
and providing a service.

The data associated with a Building_element are the following:
— additions_and_subtractions;

— main_component.

4|2.10.1 additions_and_subtractions

The additions_and_subtractions specifies a collection of Building_element_components o
42.11) each of which has an explicit three-dimensional shape; the Building_element_comg
aglded to or subtracted from each other to fofm the shape of a Building_element. The addit
sybtractions need not be specified for a particular Building_element. See 4.3.3 for the g
agsertion.

NOTE - The aggregate is ordered because the implied boolean operations of addition and su
the positive and negative components are order dependent. Different orderings would result
shapes for the Building_element.

412.10.2 main_component

The main_compenent specifies the primary shape component of a Building_element. See 4
application asSertion.

Building_element.

bquipment_-

irnishing,

bjects (see
onents are
ons_and_-
pplication

btraction of
n different

.3.4 for the

NOTE.¥ This shape is modified through the additions_and_subtractions to give the final shape of the

4.2- 11 Buitding_eterment _component

A Building_element_component is a basic compositional constituent of the shape of Building_element
(see 4.2.10) object that can imply a functional role and a stereotypical shape. A Building_element_-

component is either a Positive_component (see 4.2.46) or a Negative_component (see 4.

18

2.40).
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EXAMPLE 18 - A Structure_enclosure_element such as column consists of the compone
brackets, and openings.

The data associated with a Building_element_component are the following:
— approval_information;

— component_characterization;

nt's shatft,

— component_class;

— description;

— document_reference;

— identifier;

— position;

— shape.

412.11.1 approval_information
The approval_information specifies a collection ofapprovals of the Building_element_cq

objects. The approval_information need not be specified for a particular Building_element_cq
See 4.3.5 for the application assertion.

412.11.2 component_characterization
The component_characterization™ specifies a collection of properties of the Building_¢

component. The component_characterization need not be specified for a particular Building |
cogmponent. See 4.3.11 for-the application assertion.

412.11.3 component_class
The component-class specifies a collection of designations; each designation classifies a
element_component as a member of some predefined category. The component_class

specified for\a particular Building_element_component. See 4.3.10 for the application ass

412.1X4 description

mponent
bmponent.

plement_-
| element_-

Building_-
need not be
brtion.

The description specifies a textual explanation of purpose or function of the Building_element_-

component.

19
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4.2.11.5 document_reference

The document_reference specifies a document that contains information pertinent to the

Building_-

element_component. The document_reference need not be specified for a particular Building_element_-

component. See 4.3.6 for the application assertion.

4.2.11.6 identifier

The identifier specifies a Building_item_identification (see 4.2.13) that uniquely identifies’a’j
Building_element_component. See 4.3.7 for the application assertion.

412.11.7 position
The position specifies the location of a Building_element_component in@,eoordinate spac
to other Building_element_component objects which comprise a Building_element (see 4.

positions of the Building_element_component objects are such that they form an asse
rgpresents the shape of the Building_element (see 4.2.10). See 4.3.8 for the application 3

412.11.8 shape

The shape specifies a shape model that defines a.volume that represents shape of thg
element_component. See 4.3.9 for the applicationcassertion.

412.12 Building_item

A|Building_item is a part of a building that has a characteristic function. A Building_item
a [Building_element (see 4.2.10) or a"Space (see 4.2.56).

The data associated with a Building_item are the following:
— approval_information;

— description;

— documentreference;

— identifier;

—item_characterization;

articular

B common
P.10). The
embly that
ssertion.

Building_-

S either

— item_class;
— level_assignment;

— status.
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4.2.12.1 approval_information

The approval_information specifies a collection of approvals of the Building_item. The approval_-
information need not be specified for a particular Building_item. See 4.3.12 for the application

assertion.

4.2.12.2 description

The description specifies a textual explanation of the purpose or function of the Building,.item.
4|2.12.3 document_reference

The document_reference specifies a document that contains information pertinentto the Building_item.
The document_reference need not be specified for a particular Building(item. See 4.3.1L3 for the
application assertion.

412.12.4 identifier

The identifier specifies a Building_item_identification (see 4.2.13) that uniquely identifies a particular
Building_item. See 4.3.14 for the application assertion.

412.12.5 item_characterization
The item_characterization specifies a collection* of properties of the Building_item. Anp item_-

characterization need not be specified for a particular Building_item. See 4.3.17 for the gpplication
agsertion.

412.12.6 item_class

The item_class specifies a callection of designations; each designation classifies a Building_item as
a|member of some predefined category. The item_class need not be specified for & particular
Building_item. See 4.3.16 for the application assertion.

412.12.7 level .assignment
The level_assignment specifies the Building_level (see 4.2.14) objects to which a Building_item is

assigned. /Fhe level_assignment need not be specified for a particular Building_item. See| 4.3.15 for
thie application assertion.

412:12.8 status

The status specifies a label indicating that the information associated with a Building_item is at or has
achieved a certain level of life-cycle maturity.
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4.2.13 Building_item_identification

A Building_item_identification is an alphanumeric designation that uniquely identifies a Building_-
section (see 4.2.16), a Building_item (see 4.2.12), a Building_element_component (see 4.2.11), or a
Building_level (see 4.2.14). The designation is unique and persistent across all systems that use the
building information and throughout the duration of a building construction project.

e data associated with a Building_item_identification are the following:
— administrator;

— item_identifier;

— project.

NOTE - The designation that is unique is the combination of the item_identifie administrator
assigning the identifier, and the project in which the assignment is made.

412.13.1 administrator

The administrator specifies the individual or organization that assigned the identifier|to or is
rgsponsible for the item.

412.13.2 item_identifier

The item_identifier specifies an alphanumeric string assigned to the item.

412.13.3 project

The project specifies the huilding construction project in which the item must be niquely
distinguishable from other(items.

412.14 Buildingzlevel

A|Building_levehis a part of a Building that consists of one or more areas accessible through primarily
horizontal aceess paths. A Building_level may be a Sublevel (see 4.2.58) or may have Syblevels.

NOTES

1 - A Building can be thought of as being composed of multiple levels, often called "floors" or "storeys".
An access to different areas within one level is achieved primarily through horizontal movement; access
between Building_levels is achieved through primarily vertical movement. Figure 4 illustrates building
levels.

2 - Building_level is the same thing as "storey" as defined in ISO/CD 4153}2.
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Sublevel 1la

Figure 4 - Building levels

The data associated with a Building_leve) are the following:
— identifier;

— level_characterization;

— level_class;

— name;

— space <shapes.

412.14.1 identifier

a-particular

4.2.14.2 level _characterization

The level_characterization specifies a collection of properties of the Building level. The level_-
characterization need not be specified for a particular Building_level. See 4.3.20 for the application
assertion.
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4.2.14.3 level class

The level_class specifies a collection of designations; each designation classifies a Building_level as
a member of some predefined category. The level_class need not be specified for a particular
Building_level. See 4.3.19 for the application assertion.

4.2.14.4 name

The name specifies a descriptive title of the Building_level.
412.14.5 space_shapes

The space_shapes specifies a collection of Ground_face objects (see 4.2.33),Faceted_shell objects (see
4p.29), Elementary_shell objects (see 4.2.24), or Advanced_shell objects’ (see 4.2.4) that bound or
delimit a volume of space that represents or encloses a Building_level. The space_shapes|need not be

specified for a particular Building_level. See 4.3.21, 4.3.22, 4.3.23-and 4.3.24 for the application
agsertion.

412.15 Building_position_in_complex
A|Building_position_in_complex is a combination of a.Building_complex (see 4.2.8) and pasitioning
information that enables a Building (see 4.2.7) torbe positioned within the spatial contgxt of the
Building_complex. The aggregation of all Building_position_in_complex objects with tHe same
Building_complex as a context constitutes thetbuildings that comprise the Building_complgex.

The data associated with a Building_pasition_in_complex are the following:
— location;

— positioned_building;

— positioned_within,

412.15.1 location

The locationispecifies the positioning and orienting information required to place a building within the
spatial context of the Building_complex. See 4.3.27 for the application assertion.

412,15.2 positioned_building

The positioned_building specifies the Building that is to be placed within the spatial context of the
Building_complex. See 4.3.25 for the application assertion.

4.2.15.3 positioned_within

The positioned_within specifies the Building_complex that establishes a spatial context in which
buildings are positioned. See 4.3.26 for the application assertion.
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4.2.16 Building_section

A Building_section is a logical segment of a building. Logical segments of a building are defined

based on local coordinate systems for functional or definitional convenience.

EXAMPLE 19 - Buildings are often designed as individual sections that are integrated into a single

structure at a later point in time. The wings of a hospital, library, or office complex are typical

building

sections. Figure 5 illustrates three building sections; a usage scenario might be that a new section is added

every-other-year-to-satisfy-the—spatiat-needs-of a—growingcompary-
The data associated with a Building_section are the following:

— description;

— identifier;

— name;

— status.

412.16.1 description

The description specifies a textual explanation of thexpurpose or function of the Building_

412.16.2 identifier

The identifier specifies a Building_item_identification (see 4.2.13) that uniquely identifies a
Building_section. See 4.3.28 for the application assertion.

412.16.3 name
The name specifies a desgriptive title of the Building_section.
412.16.4 status

The status specifies a label indicating that the information associated with a Building_secti
has achieveda certain level of life-cycle maturity.

412.17=Change_request

section.

articular

bn is at or

AlChange request is a madification to some aspect of a building element shape, property

and spatial

configuration information, a request for a change to a building element shape, property, and spatial

configuration information, or the documentation of a change that has been incorporated.
The data associated with a Change_request are the following:

— approval_information;
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— change_from,;
— change_to;
— description;
— reason;

— request_date;
— requestor;

— responsibility;
— solution;

— status.

Figure 5 - Building section

2.17.1 approval_information

e approval_information specifies a collection of authorizations to incorporate a requested change
fo a building element shape, property, and spatial configuration information or the stafus of the

alrthorization. See 4.3.29 for the application assertion.

4.2.17.2 change_from

The change_from specifies the identifier of some aspect of a building element shape, property, or
spatial configuration information that is deemed unsatisfactory. See 4.3.32 for the application assertion.
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4.2.17.3 change_to

The change_to specifies the Building_item (see 4.2.12) or the Building_element_component (see
4.2.11) that represents the new condition for some aspect of a building item which is proposed as a
replacement for the change_from condition. The change_to need not be specified for a particular
Change_request. See 4.3.31 and 4.3.30 for the application assertions.

4.2.17.4 description

The description specifies a request that a change be made or provides an explanation-of g change to
thie building element shape, property, and spatial configuration information.

412.17.5 reason
The reason specifies a textual explanation of a problem with the existing’ building element shape,
prloperty, and spatial configuration information and the rationale for changing the design to|eliminate
thie problem.

412.17.6 request_date

The request_date specifies the calendar day on which.the change is requested.

412.17.7 requestor

The requestor specifies the individual or organization that requests that a change to the building
element shape, property, and spatial configuration information be made.

412.17.8 responsibility

The responsibility specifies the individual or organization that requested the change or is responsible
for executing the change.

412.17.9 solution

The solution may, specify a textual explanation of the action that has been taken with respect to the
rgquested changé. The solution need not be specified for a particular Change_request.

412.17-20 status

TheZstatus specifies a label indicating that the information associated with a Change reqyest is at or
has achieved a certain level of life-cycle maturity.

4.2.18 Component_location_in_element
A Component_location_in_element is the information necessary to position a Building_element_-

component (see 4.2.11) within the coordinate space of the Building_element (see 4.2.10) of which it
is a part.
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4.2.19 Component_shape
A Component_shape is the shape of a Building_element_component (see 4.2.11).
The data associated with a Component_shape are the following:

— representations.

The representations specifies the collection of geometric information that represents the,s
Building_element_component.

NOTE - The shape of a building_element_component may be represented by on€)gor more sh
If multiple models are used, they should all represent the same shape; they may;represent difi
of the same shape, e.g., envelope, outline, detailed.

412.20 Component_shape_representation

A|Component_shape_representation represents a single, cohesive, explicit representation
off a single Component_shape (see 4.2.19).

NOTE - In use, an instance of this entity may correspand to a geometric model that defines th
an object.

The data associated with a Component_shape_frepresentation are the following:
— representation_element;

— representation_type.

412.20.1 representation -element

The representation_elementspecifies the Advanced_b_rep (see 4.2.1), the Advanced_curvg
the Advanced_face_with. thickness (see 4.2.3), the Block (see 4.2.6), the Elementary_|
4p.21), the Elementary_curve (see 4.2.22), the Elementary_face_with_thickness (see 4
Faceted_b_rep (see 4.2.26), the Faceted_curve (see 4.2.27), the Faceted_face_ with_t
4.p.28), the Right/circular_cylinder (see 4.2.49), the Solid_of_linear_extrusion (see 4.2.54),
ofl_revolution>(see 4.2.55), the Trimmed_sphere (see 4.2.59), the Trimmed_torus (see 4
THuncatedcone (see 4.2.61), or the Truncated_pyramid (see 4.2.62) that is the Compon¢
regpresentation. See 4.3.34, 4.3.35, 4.3.36, 4.3.37, 4.3.38, 4.3.39, 4.3.40, 4.3.42, 4.3.43, 4.
4345, 4.3.46, 4.3.47, 4.3.48, 4.3.49, and 4.3.50 for the application assertions.

nape of the

hpe models.
erent views

of the shape

e shape of

P (see 4.2.2),
b _rep (see
1.2.23), the
ickness (see
he Solid_-
.2.60), the
bnt_shape_-
B.41, 4.3.44,

4.2.20.2 representation_type

The representation_type specifies the level of detail or precision of the geometric represen

tation. The

value of the representation_type is either user supplied or one of a set of predefined values.

NOTE 1 - A user supplied value may be "analysis".
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The value of the representation_type attribute may be one of the following:
— detail;
— envelope;
— outline.
See42-26-2 2-20-2-3-forthe—d

it of o
LLLILLLY

BHAE

ISO 10303-225:1999(E)

oA 1 Vil "
JUC =.o. 4 e ..o vl uaicu

NOTE 3 - Figure 6 illustrates examples of detail, outline, and envelope shapes for an air conditi
Detail shapes are usually used to produce visually accurate pictures. Outline shapes are usu
rapid display refresh during interactive design. Envelope shapes are usually used for-clash de

2.20.2.1 detail:a three-dimensional spatial volume that corresponds_to,-the completé

rgpresentation (or part of a complete representation) of a Component_shape (see 4.2.19)

D

2.20.2.2 envelopea simple three-dimensional spatial volume that'‘completely encloses o
Component_shape (see 4.2.19) and may also enclose usage,or-work spaces.

2.20.2.3 outline:a simple three-dimensional spatial volumethat encloses a Component_9
2.19).

412.21 Elementary b rep

A
umderlying surfaces that may be one of thé-following: plane, cylindrical surface, conica

~type.

bning unit.
blly used for
tection.

b surface

r bounds

hape (see

N Elementary_b_rep is a boundary representation solid model that is composed of faces with

surface,

spherical surface, or toroidal surface.

NOTE - Compare with the definitien’ of Advanced_b_rep (see 4.2.1) and Faceted_b_rep (see|4.2.26).
4|2.22 Elementary_curve
Anh Elementary_curve_is-a one-dimensional path through three-dimensional space that may be
miathematically deseribed with one of the following types of curve: line, polyline, circle,|ellipse,
hyperbola, or parabola.

NOTE - Compare with the definition of Advanced_curve (see 4.2.2) and Faceted_curve (see $#.2.22).
412.23Elementary_face_with_thickness
Ah-Elementary face with thickness is a three-dimensional shape that has two parallel surfaces of one

of the foIIowmg types plane cylindrical surface, conical surface, spherlcal surface or toroidal surface.
The surfaces have identical but arbitrary boundaries and are separated by a normal distance that is very

small in comparison to the overall dimensions of the two surfaces.

NOTE - Compare with the definition of Advanced_face_with_thickness (see 4.2.3) and Faceted_face_with_-

thickness (see 4.2.23).
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Envelope

Figure 6 - Detalil, outline and envelope shapes

EXAMPLE 20 - The shape of cladding, glazing, and other thin, laminar structures can be m
represented with a face_with_thickness.

412.24 Elementary_shell
An Elementary_shell is a contiguous, closed collection,of topological faces with underlying

thiat may be of one the following types: plane, cylindrical surface, conical surface, sphericg
ol toroidal surface.

412.25 Facet_trigon

A|Facet_trigon is a triangular, planarsurface element with straight-line boundaries.
The data associated with a Facet-trigon are the following:

— border.

The border specifies-a-collection of three Points (see 4.2.43) that establishes the linear bo
thie Facet_trigon. hree unique pairs of points can be formed from the three points of thg
mpre than onefFacet_trigon exists, then at least one pair of points shall be shared by 2

Facet_trigon-such that the points and the line implied by the points constitute a shared b
thie trigons. See 4.3.51 for the application assertions.

412,26 Faceted b rep

ost easily

surfaces
| surface,

undaries of
trigon; if

N adjacent
pundary of

A Faceted_b_rep is a boundary representation solid that is composed of planar, polygonal faces.
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4.2.27 Faceted curve

A Faceted_curve is a one-dimensional path through three-dimensional space that may be
mathematically described with one of the following types of curve: line or polyline.

NOTE - Compare with the definition of Advanced_curve (see 4.2.2) and Elementary_curve (see 4.2.22).

4.2.28 Faceted face_ with_thickness

A|Faceted_face_with_thickness is a three-dimensional shape that has two parallel, planar S\IArfaces. The
surfaces have identical but arbitrary boundaries composed of line or polylines and'are sgparated by
a[normal distance that is very small in comparison to the overall dimensions of the two syrfaces.

NOTE - Compare with the definition of Advanced_face with_thickness (see 4.2.3) and Elementary face_-
with_thickness (see 4.2.23).

412.29 Faceted_shell

A|Faceted_shell is a contiguous, closed collection of topological faces in which each face is planar
and has a polygonal boundary.

412.30 Faceted_surface representation
A|Faceted_surface_representation is a type of.Site_shape_representation (see 4.2.53). A Faceted_-
surface_representation is an open surface that is composed of a connected set of planar, triangular
faces.

The data associated with a Faceted .surface_representation are the following:

— facets.

The facets specifies the callection of planar, triangular faces that represent the contour ofthe terrain
o which a building is orf\will be located. See 4.3.52 for the application assertion.

412.31 Fixture>equipment_element
A|Fixture_equipment_element is a type of Building_element (see 4.2.10) that is a solid, tanjgible part

off a building'placed or installed in the building. It is a standalone element that provides [a service
without complex interdependence on other building elements.

EXAMPLE 21 - Doors, furniture, window shades, hand railing, fireplace mantlepiece, installed[shelving,
ornamental molding.

The data associated with a Fixture_equipment_element are the following:
— functional_type.

The functional_type specifies a descriptive label that indicates the function of the element. The value
is either user defined or predefined.
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The predefined value of the functional_type attribute is one of the following:

4,

4,

4,

4,

4,

4,

4.

protect, insulate, or decorate.

prloduction.

2.31.7 window:a framed/structure which is spanned with glass and mounted in a window

— ceiling;
— covering element;

— door;

©ISO

— floor covering;
— furniture;
— wall covering;

— window.

2.31.1 ceiling:the upper interior surface of a room.

2.31.2 covering elementmaterial that is applied to a sdrface of a Building_item (see 4.’

2.31.3 door:a movable element that is used to\seal an accessway.
2.31.4 floor covering:a covering element'that is applied to an lower interior surface of a

2.31.5 furniture: movable articles used in living or working activities that are not implem
2.31.6 wall covering:a covering element that is applied to a surface of a wall.

may be mounted te permit opening and closing.
2.32 Gis jposition
Gis_position is the positioning and orientation information necessary for transforming c

llueschbetween a local coordinate space and the global coordinate space of earth. Tra
ocedures depend upon the GIS coordinate system. Each Gis_position object designate

NOTE - See 4.2.31.1 - 4.2.31.7 for the definition of each permissibleyvalue for functional_typs.

.12) to

room.

ents of

opening;

pordinate
nsformation
5 the global

2.53).

The data associated with a Gis_position are the following:

— height;

— scale;
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— system;
— X_axis_delta_x;
— X_axis_delta_y;

— X_coordinate;

4

4

W

4

4

a

4

T
oI

The height specifies the distance above sea level or reference level in theyGIS coordinate

The scale specifies a transformation factor applied to the conversion of point coordinates
local coordinate system and a GIS coordinate system. The precise application of the tran

The system specifies the identifier of the GIS_ system being used.

— ‘y'_buui'dii"latc;
— Zone.

2.32.1 height

2.32.2 scale

Il depend on the GIS system.

2.32.3 system

EXAMPLE 22 - Gauss-Krueger, Universal Transverse Mercator (UTM), and State Plane are
of GIS systems used for global positionifj.

2.32.4 x_axis_delta_x

ne X_axis_delta_x specifies the abscissa value of the end point of a vector indicating the
is of GIS coordinate space in the local coordinate system.

2.32.5 x_axis—delta_y

e X_axis_delta_y specifies the ordinate value of the end point of a vector indicating the ¢
the positive x axis of GIS coordinate space in the local coordinate system.

EXAMPLE 23 - The GIS coordinate system XY00 has an origin at the intersection of the eq

system.

between a
sformation

examples

positive X

rientation

Llator and

the Greenwich meridian; the x axis of the coordinate system runs East (positive) and West (ne

ative); the

y axis runs North (positive) and South (negative); the positive z axis is up. An x_axis_delta_x of 1.0 and
x_axis_delta_y of 1.0 indicates x axis of the GIS coordinate space makes a +45° angle with respect to the
x axis of the local coordinate; if the local coordinate space were superimposed on the GIS coordinate space,

the positive x axis of the local coordinate system would point in a South-East direction (-45°).
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.2.32.6 x_coordinate
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The x_coordinate specifies the distance from the y axis of the coordinate space defined by the GIS
system and zone.

4

.2.32.7 y_coordinate

T
SY

4

T

4

T

ne y_coordinate specifies the distance from the x axis of the coordinate space defined!
stem and zone.

2.32.8 zone

ne zone specifies a subdivision of the earth’s surface based on the GIS_ System.

EXAMPLE 24 - The Gauss-Krueger GIS system subdivides the earth into 120 zones that
longitudinal width. Each zone is identified as 3°, 6°, 9°, etc., from the.Greenwich meridian.

2.33 Ground_face

2.34 Item_assembly

N Iltem_assembly is an assemblage of Building_item objects (see 4.2.10) or Item_assem
at are combined to form a larger object.

NOTES

between the individual pie¢e-part elements of a building (e.g., a beam) and a major subdi
building (e.g., a building'Section or level).

2 - The components in‘an ltem_assembly are physically positioned within the spatial coordinate
the assembly. Contrast this with Item_group (see 4.2.36), which is simply a logical collection of §

item objects,

EXAMPLEE-25 - Trusses and frames are typical element assemblies for structural elements.
is a typical example of an element assembly for building services equipment.

ne-data associated with an Item_assembly are the following:

Ground_face is a planar bounded surface that represents a floor space within a building.

py the GIS

are 3° in

bly objects

1 - An ltem_assembly is an aggregation of components of a building that is defined at an intermediate level

ision of a

system of
uilding_-

A pipeline

— approval_information;
— assembly_characterization;
— assembly_class;

— assembly_type;
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— components;
— description;
— identifier;

— name.

4r2-34- 1 —approval_information
The approval_information specifies a collection of approvals of the Item_assembly~objgcts. The

approval_information need not be specified for a particular Iltem_assembly. See 4.3.43 for the
Eplication assertion.

412.34.2 assembly characterization
The assembly characterization specifies a collection of properties of the Item_assembly. The

assembly_characterization need not be specified for a particularJtem_assembly. See 4.3.57 for the
application assertion.

412.34.3 assembly class
The assembly_class specifies a collection of designations; each designation classifies an Iten_assembly

as$ a member of some predefined category. The:assembly_class need not be specified for|a particular
Item_assembly. See 4.3.56 for the application-assertion.

412.34.4 assembly type

The assembly_type specifies a desgriptive label that indicates the form or function of the [assembly.
The value is either user defined or predefined.

EXAMPLE 26 - Figure_Tillustrates several examples of element assemblies.
The predefined value ‘of the assembly_type attribute is one of the following:
— roof;

— stairway;

—yertical passage enclosure.

NOTE 2 - See 4.2.34.4.1 - 4.2.34.4.3 for the definition of each permissible value for assembly_type.

4.2.34.4.1 roofithe covering or upper part of a building that has a primary function of protecting the
building from weather.

4.2.34.4.2 stairway:one or more flights of stairs used to pass from one floor of a building to another.
The flights of stairs are often separated by landings and the stairway includes the supporting structure.
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Figure 7 - Kinds of element assemblies
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4.2.34.4.3 vertical passage enclosuréghe structure that surrounds, frames, or encases a vertical
opening through the floors of a building.

4

.2.34.5 components

The components specifies the collection of Building_item (see 4.2.12) objects or Item_assembly (see
4.2.34) objects that comprise the Item_assembly. See 4.3.54, 4.3.55 for the application assertions.

4
T
4
T
4
T
4
A
el
of

N
cl

Z2.54.6 description

ne description specifies a textual explanation of the purpose or function of the Item. ass¢
2.34.7 identifier

ne identifier specifies a designation that uniquely identifies a particularitem_assembly.
2.34.8 name

he name specifies a descriptive, alphanumeric label that is used to refer to the assembly.

2.35 Item_classification

bmbly.

N Item_classification is a designation that categofizes a Building_item (see 4.2.12) or a Building_-

ement_component (see 4.2.11). The classification can be based on national or internation
a project specific classification system.

DTE - Organizations involved in aBuilding project should identify and agree to thé
pssification standards to be used prior to the initiation of the project.

EXAMPLE 27 - Table"1 shows examples of classifications.

Table 1 -Examples of building element classifications

Al standards

b set of

mame netation description

DIN_276 462 escalators, moving pavements
AU_CCS 237 _36 escalators

EPIC_F J13 escalators

NC_SFB 662 ransports; escatators, CONveyors
UK BCIS B 5J2 escalators

The data associated with an Item_classification are the following:

— description;
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— name;
— notation;

— table.

4.2.35.1 description

The description specifies textual explanation of the classification assigned to an item_ar,e
412.35.2 name

The name specifies an alphanumeric identifier that designates the standard-or specificat
classify the item or component.

412.35.3 notation

412.35.4 table

The table specifies a subsection of the standard identified by name.
412.36 Item_group

An Item_group is a logical collection of<Building_item objects (see 4.2.12) or Iltem_group

NOTE - There is no meaning agsociated with the group other than the fact that it is a group. In
there is no physical relationship-implied among the members of the group.

The data associated with-an’ [tem_group are the following:
— description;

— identifier;

— members;

—“Name.

bmponent.

on used to

The notation specifies an alphanumeric designation of a class‘within a table in the standayrd.

pbjects.

particular,

4.2.36.1 description

The description specifies a textual explanation of the purpose or function of the Item_group.
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4.2.36.2 identifier

The identifier specifies a designation that uniquely identifies a particular ltem_group among
groups.

4.2.36.3 members

all ltem_-

The members specifies the collection of Building_item (see 4.2.12) objects or Item_group (see 4.2.36)

objects that comprise the Item_group. See 4.3.58, 4.3.59 for the application assertions,
4|2.36.4 name

The name specifies a descriptive, alphanumeric label that is used to refer to,the group.

412.37 Item_position_in_section

information that enables the shape of a Building_item (see 4.2.12)'to be positioned within
context of a Building_section. The aggregation of all Iltem_pgsition_in_section objects with
Building_section as a context constitutes the items that cemprise the Building_section.
The data associated with an Item_position_in_section“are the following:

— location;

— positioned_item;

— positioned_within;

— reference_curves.

4{2.37.1 location

The location specifies-the positioning and orienting information required to place a Building_|
agsertion.

412.37.2. positioned_item

The-positioned_item specifies the Building_item (see 4.2.12) that is to be placed within t

An Item_position_in_section is a combination of a Building_section” (see 4.2.16) and pgsitioning

he spatial
the same

item (see

4.P.12) within thecspatial context of the Building_section (see 4.2.16). See 4.3.63 for the gpplication

ne spatial

£ 4 £ 4l [ TIPH P H ' L 422 10N O 42 oN £ +la L ' Y™
Cofitexrormne puniuniIy_oCTULUUIT (OCT 7.£.10). OTT 5.0. VU TUT UIT appiiv.atiult dooSTITUuUTT.

4.2.37.3 positioned_within

The positioned_within specifies the Building_section (see 4.2.16) which establishes a spatial context

in which items of the section are positioned. See 4.3.61 for the application assertion.
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4.2.37.4 reference_curves

The reference_curves specifies the Simple_curve (see 4.2.52) that serves as a positioning reference for
Building_items (see 4.2.12) within a Building_section (see 4.2.16). The reference_curves in a
Building_section are always co-planar and lie in the X-Y plane. See 4.3.62 for the application
assertion.

EXAMPLE Zo - FIgure o Illlustrates examples of rererence curves.

412.38 Item_proximity_relationship

An Item_proximity_relationship is an association between a Building_item (se&|472.12) and a group
ofl other Building_item objects that are near it.

The data associated with an Item_proximity_relationship are the following:
— item;

— items_in_proximity;

— relationship_type.

4(2.38.1 item

The item specifies the Building_item (see“4.2.12) near which other Building_item oblects are
positioned. See 4.3.64 for the application, assertion.

412.38.2 items_in_proximity.

The items_in_proximity specifies the group of Building_item (see 4.2.12) objects that arg near the
item. See 4.3.64 for the application assertion.

412.38.3 relationship_type

The relationship._type specifies a descriptive label of proximity. The value is either user defined or
predefined.

The predefined value of the relationship_type attribute is one of the following:

— penetration;

— space to element;

— touch.
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_.__._|_._-._ ___|_ ___________ _|__
! ! !
I I I
- Reference curve

Figure 8 - Examples of reference curves

NOTE - See 4.2.38.3.1 - 4.2.38.3.3 for the definition of each permissible value for relationshig

42.38.3.1 penetrationthe condition in which the items_in<proximity penetrate or "go throu
item.

412.39 Level position_in_section

Al Level_position_in_section is a~¢combination of a Building_section (see 4.2.16) and pq
information that enables a Building_level (see 4.2.14) to be positioned within the spatial ¢
a Building_section. The aggregation of all Level_position_in_section objects with the same
section as a context constitutes the levels that comprise the Building_section.
The data associated-with a Level_position_in_section are the following:

— location;

— positioned_level;

— positioned_within.

42.38.3.2 space to elementhe condition in which the items_in_proximity bound the space.

42.38.3.3 touchthe condition in which the items_in_proximity are in contact with the iten.

_type.

ph" the

sitioning
ontext of
building_-

4.2.39.1 location

The location specifies the positioning and orienting information required to place a level within the
spatial context of the Building_section (see 4.2.16). See 4.3.67 for the application assertion.
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4.2.39.2 positioned_level

The positioned_level specifies the Building_level (see 4.2.14) that is to be placed within t
context of the Building_section (see 4.2.16). See 4.3.65 for the application assertion.

4.2.39.3 positioned_within

he spatial

The positioned_within specifies the Building_section (see 4.2.16) that establishes a spatia
which levels of the building are positioned. See 4.3.66 for the application assertion.

412.40 Negative _component

A|Negative_Component is a type of Building_element_component (see 4.2:11) thatis a p

rgther than solid material. A Negative_component may be one of the following: a Recess (s
ol an Opening (see 4.2.41).

NOTE - The shape of a Negative_component is of concern only where it intersects a Positive_(
EXAMPLE 29 - A Negative_component in a wall could<{eva door opening. The relationship
the Negative_component (the door opening) and the Rositive_component (the wall) is the sar]

shape of the Negative_component were subtracted usiag a solid boolean operation (a CSG sol
operation) from the shape of the Positive_component.

412.41 Opening

Ah Opening is a type of Negative_component (see 4.2.40) that passes through a Building_e
42.10) and serves a functional purpose.

EXAMPLE 30 - An opening would be left in a wall or slab for plumbing or air conditioning
Figure 9 illustrates severalkopening types.

The data associated with an Opening are the following:
— opening_type;

The openingytype specifies a descriptive label that indicates the form or function of the Opq
value is_either user defined or predefined.

The-predefined value of the opening_type attribute is one of the following:

context in

prtion of a

Building_element (see 4.2.10) and represents a volume of space; it is awolume that is efpty space

ee 4.2.48)

omponent.

between
he as if the
d modelling

ement (see

ducts.

ning. The

— door opening;
— service opening;

— window opening.

NOTE 2 - See 4.2.41.1 - 4.2.41.3 for the definition of each permissible value for opening_type.
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opening

Figure 9 - Kinds of openings
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4.2.41.1 door openingan opening in a wall that is intended to provide access from one side of the

wall to the other and may be filled with a door.

4.2.41.2 service openingan opening in a wall, floor, or roof that is intended to allow service

elements to pass through the wall, floor, or roof.

4.2.41.3 window openingan opening in a wall or roof of a building to admit light and usually to

provide-vistat-access-throtugh-the-wattorteof——m————————————————————————
412.42 Placement

A|Placement is a transformation mechanism that positions the geometric definition of a sh
thie spatial context of another geometric definition.

412.43 Point

A|Point is a set of three rational values that specify a location in a‘three-dimensional cartes

412.44 Point_and_line_representation
A|Point_and_line_representation is a type of Site_shape_representation (see 4.2.53). A K
lie_representation is a representation of the shape.ofithe surrounding grounds of a building
off a collection of points representing the topography of the site upon which a building is ¢
located.

NOTE - Points are commonly gathered-through a survey of an actual building site.

The data associated with a Point_and’ line_representation are the following:

— survey_points.

rgpresentation. The data points are gathered through a surveying mechanism. See 4.3
application assertion:.

412.45 Polyline

A|Polyline®s a curve that consists of individual, straight-line segments.

hpe within

an space.

Point_and_-
It consists
r will be

The survey_points specifies a collection of cartesian points that comprise the Point_and_line_-

.68 for the

TheZdata associated with a Polyline are the following:

— path.

The path specifies a collection of points that represent contiguous, straight line elements.
for the application assertion.
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4.2.46 Positive_component

A Positive_component is a type of Building_element_component (see 4.2.11) that represents a solid
volume.

EXAMPLE 31 - A Positive_component in a wall could be a window sill. The relationship between the
Positive_component representing the sill and the Positive_component representing the wall is the same as
if the shape of the positive_component representing the sill were added to the Positive_component

oy Y H-VEE I SR TP | ER P10 cahidb lagn PV I - al ot o S - P T HZ Baratar)
IUPICOCIILIIIy uarcvvan uallly A oSuUNnu yuvuicari UlJCIaLIUII \a IO OUINMU IIIUUCIIIIIH UIJCIQ.LIUI I}.

412.47 Property

A|Property is a descriptively-named, non-geometric characteristic of a Building lYitem (seg¢ 4.2.12),
Building_level (see 4.2.14), or Building_element_component (see 4.2.11) that is associated with a
value; the name and the value together specify the performance, behavior;-or state of the|element or
component.

The data associated with a Property are the following:
— code_of measurement;

— formula;

— name;

— property_type;

— value.

412.47.1 code_of measurement

The code_of _measurement-specifies the name of a standard or code that is used to calculate the value
ofl a property. The code (of-measurement need not be specified for a particular Property.

412.47.2 formula

The formula specifies an equation that was used to calculate the value of the Property. The formula
miay be dependent upon the code_of measurement but need not be. The formula need not|be specified
for a pasticular Property.

41247.3 name

The name specifies a descriptive label for an aspect or characteristic of a Building_item (see 4.2.12)
or Building_element_component (see 4.2.11) that can be represented with an alphanumeric value.
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2.47.4 property_type
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The property_type specifies a descriptive label that indicates the purpose or nature of the property. The
value is either user defined or predefined.

NOTE 1 - The property_type is used to classify the property. Contrast property_type with the role that

name plays with respect to Property.

T

C(

m

of

4

e predefined value of the property_type attribute is one of the following:
— material;
— performance;
— physical,
— surface.
NOTE 2 - See 4.2.47.4.1 - 4.2.47.4.4 for the definition of each¢ermissible pre-defined value for

type.

mposed.

2.47.4.2 performancea property that specifies or describes the behaviour of something

2.47.4.3 physical:a property that specifies or describes a physical characteristic othg

aterial or a surface property of something.

2.47.4.4 surfacea property that-specifies or describes the conditions or preparation of th

something.
2.47.5 value

ne value specifies,an alphanumeric symbol that describes or specifies the aspect or char
Building_item\(see 4.2.12) or Building_element_component (see 4.2.11) designated by

2.48 -Recess

Recess is a type of Negative_component (see 4.2.40) that does not pass through a Buildi

broperty_-

2.47.4.1 material:a property that specifies or describes the substances from which something is

r than a

e surface

acteristic of
he name.

ng_element

~~

40 4 N\
C =.2.1U).

EXAMPLE 32 - An alcove or niche in a wall are recesses.
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4.2.49 Right_circular_cylinder

ISO 10303-225:1999(E)

A Right_circular_cylinder is a three-dimensional, cylindrical, solid primitive with end surfaces that are
planar and are perpendicular to the axis. The size and shape of a Right_circular_cylinder is completely
described by two real values, which represent the radius and length of the cylinder.

4.2.50 Section_position_in_building

A
th
T
Cq

T

4

T
SK

4

T
of

4

T

4

A

building are positioned. See 4.3.70 for the application assertion.

at enables a Building_section (see 4.2.16) to be positioned within the spatial context.afth
ne aggregation of all Section_position_in_building objects with the same Building -as
nstitutes the sections that comprise the Building.

e data associated with a Section_position_in_building are the following:

— location;

— positioned_section;

— positioned_within.

2.50.1 location

ne location specifies the positioning and orienting-information required to place a section
atial context of the building. See 4.3.72 for_the application assertion.

2.50.2 positioned_section

e positioned_section specifies the-Building_section that is to be placed within the spati
the Building. See 4.3.71 for the-application assertion.

2.50.3 positioned-‘within

he positioned_within,specifies the Building that establishes a spatial context in which secti

2.51 Service element

Sepvice element is a type of Building_element (see 4.2.10). A Service_element is a soli

p

rtofa building that is a component in one or more systems installed in a building whic

Section_position_in_building is a combination of a Building (see 4.2.7) and positioning inf{rmation

Building.
context

ithin the

al context

ons of the

I, tangible
N provide

a

H + +l Lyl
SCTVILT U 11T Duiiunty.

NOTE 1 - Building services do not include the structural system of a building, separation walls, or the

cladding or glazing of the building.

EXAMPLE 33 - Building services include HVAC, plumbing, and electrical systems. A Service_element
may therefore be a duct or pipe, a collection of ducts or pipes, or a piece of equipment like a compressor
or pump. Figure 10 illustrates an HVAC system, which is a kind of building services equipment.
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Figure 10 - Services element: HVAC system

e data associated with a Service_element are the fallowing:
— functional_type.

he functional_type specifies a descriptive label that indicates the function of the element.
either user defined or predefined.

ne predefined value of the functional-type attribute is one of the following:
— electrical system;
— HVAC system;
— plumbing system;
— transport.System.
NOTE 2): See 4.2.51.1 - 4.2.51.4 for the definition of each permissible value for functional_ty|

2.51.1 electrical systema network of electrical equipment and conducting wire that provide

The value

be.

5 power

(0]

communication throughout a building complex.

4.2.51.2 HVAC systema network of equipment and ducting that provides ventilation and heated or
cooled air throughout a building complex.

4.2.51.3 plumbing systema network of pipes, fixtures, and other apparatus that provide water, gas,
or sewage removal services throughout a building complex.
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4.2.51.4 transport systemmechanical apparatuses that moves articles or people from one point in

a building complex to another.
4.2.52 Simple_curve
A Simple_curve is a bounded, straight line or circular arc.

4.2.53 Site_shape representation

A|Site_shape_representation is a representation of the shape of the surrounding grounds 0
A|Site_shape_representation is either a Faceted_surface_representation (see 4.2.30)0r 4
line_representation (see 4.2.44).

The data associated with a Site_shape_representation are the following:

— breaklines;

— global_position.

412.53.1 breaklines

The breaklines specifies a collection of straight line segments that traverse a Site_shape_re
and establish boundaries that limit the interpolation- of the terrain. The points that con
bleaklines must be a subset of the points thatcomprise the representation. See 4.3
application assertion. The breaklines need not:he specified for a particular Site_shape_rep

NOTES

1 - Figure 11 illustrates the role that'breaklines play in the interpolation of triangular facets re
the site shape. Figure 11(a) shows survey points of a site shape model without breaklines. H
shows the corresponding site .shape model with interpolated triangular facets; there are no
concerning the arrangemént of the triangular facets. Figure 11(c) shows the same survey poir
9(a) with breaklines. Fhe-breaklines represent constraints concerning the arrangement of th
facets; no triangularfacet shall be created that cuts across a breakline. This is illustrated in figur
9(d); the areas within the dashed circles differ with respect to the constraint imposed by the b

2 - Breaklingsare used when there are sharp edges in the site, such as a cliff, that restrict the i
of the site‘shape.

412.53:2 global_position

f a building.
Point_and_-

presentation
prise the

74 for the
Fesentation.

bresenting
igure 11(b)
constraints
ts as figure
b triangular
es 9(b) and
reakline.

hterpolation

The-global position specifies the information necessary for positioning the Site shape rep

fesentation

on the earth. See 4.3.73 for the application assertion.

4.2.54 Solid_of linear_extrusion

A Solid_of_linear_extrusion is a solid geometric model that is formed by sweeping a two-dimensional

shape along a linear path through three-dimensional space.

49


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

ISO 10303-225:1999(E) ©ISO

Model of a site shape Model of a site shape
without breaklines with breaklines
® . e °
° °
° h )
o o ¢ { 1 ° . i
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)
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° M )
(a) (b) (c) (d)
survey points site shape model with survey points site shape model with
interpolated triangular with breaklines interpolated triangular
facets facets

Figure 11 - Breaklines and survey points incsite_shape_representatic

4|2.55 Solid_of revolution

A|Solid_of_revolution is a solid geometric model that is formed by sweeping a two-dimensio
through an angle about an axis.

412.56 Space

>

Space is a type of Building_item (see 4.2.12). A Space is an intangible, volumetric re

ilding that represents the-portions of a building usable by the building occupants or buildi
J;uipment. Spaces are used for planning, describing, and specifying the use of a building.
cneated in buildings by the erection of the surrounding walls, floors, and ceilings.

® T

EXAMPLE 34-2 Rooms, hallways, and service shafts are examples of spaces. Figure 12
spaces.

The data~associated with a Space are the following:

—.Space_shapes.

nal shape

pion of a
g service
Spaces are

illustrates

The space_shapes specifies a collection of Advanced_shell objects (see 4.2.4), Elementary_shell objects
(see 4.2.24), Faceted_shell objects (see 4.2.29), or Ground_face objects (see 4.2.33) that bound or
delimit a volume of space that represents or encloses a Space. See 4.3.75, 4.3.76, 4.3.77, and 4.3.78

for the application assertion.
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Figure 12 - Spaces

4|2.57 Structure_enclosure_element

A|Structure_enclosure_element is a type of Building_element (see 4.2.10) that is an identifiable part
off a building that contributes to the basic forn*or function of a building.

EXAMPLE 35 - Functional roles include-characteristics such as load bearing behavior, space|separating
traits, or protection. These functional-roles contribute to the overall function of the building.

The data associated with a Structure_enclosure_element are the following:
— funtional_type;

— load_bearing.

412.57.1 functional_type

The functional_type specifies a descriptive label that indicates the form or function of the element. See

table 2vand 4.2.57.1.1 to 4.2.57.1.7 for restrictions on the types of geometric primitives that may be
; b 4.2.10) of

Hredefined.

NOTE 1 - Figure 13 illustrates several examples of Structure_enclosure_element functional_types.
The predefined value of the functional_type attribute is one of the following:

— beam;
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— brace;
— column;
— floor;

— foundation;

— structural wire;

— wall.

42.57.1.1 beama long structural element that bears loads perpendiculanto its primary di
and is supported at different points along that dimension.
pimary dimension.

42.57.1.3 columna tall, upright structural element that bears loads primarily parallel to its
dimension.

42.57.1.4 floor:a flat, horizontal plate that bears.loads primarily perpendicular to its surfac
directly bear the life loads of a building. A singfe floor may consist of several distinct secti

4.57.1.5 foundation:the base structural element of a building upon which the buil
constructed. It is usually built below ground and includes footings, cellar walls, and isolate
footings.

4]2.57.1.6 structural wire:a long, commonly cylindrical, structural element that usually bearg
structural loads along its_axis.

parallel to its surface-and encloses, divides, or bounds a space.

412.57.2 load_bearing

The load: bearing specifies whether the Structure_enclosure_element bears loads of the b
valuétis one of the following: load bearing, load carrying, non-load carrying, or unknown.

NOTE 2 - See 4.2.57.1.1 - 4.2.57.1.7 for the definition of each permissible value’for functiongl_type.

mension,

4.57.1.2 brace:a long structural element that bears compressive or tensile loads pardllel to its

primary

b, Floors
ons.

ding is

d column

tensile

4.57.1.7 wall:a centihuous, flat, usually vertical structural element that bears loads primarily

hilding. The

4.2.58 Sublevel

A Sublevel is a type of Building_level (see 4.2.14) that is a constituent of another Building_level.

The data associated with a Sublevel are the following:

— belongs_to.
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Beam

Column

Column  Flareheader Precast Greek

Floor

Figure 13 - Kinds of Structure_enclosure_elements
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Strip foundation
of a building

Strip foundation

Column footing Pile foundation

Structural wire

]

e A—
= 7

Wall

application assertion.

412.59-Trimmed_sphere

The belongs_to. specifies the Building_level of which the Sublevel is a part.

Figure 13 - Kinds of Structure_enclosure_elements (concluded)

See 4.3.19 for the

surface and one or the other of the resulting sphere sections are removed.

4.2.60 Trimmed_torus

Al rimmed-sphere is the nortion of 3 sphere that remainswhen the sphere is-intersected with a p|anar
HHRRea—SspherestheportioR-otaspherethatiremaliRsWhaehte-sphereisHielrsecte W

A Trimmed_torus is the portion of a torus that remains when the part of the torus subtended by a

plane angle at the primary axis of the torus is removed.
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4.

2.61 Truncated cone

A Truncated_cone is a three-dimensional volume with parallel, coaxial, circular faces of differing radii
that are connected with a smooth surface. The axis is perpendicular to the circular faces; it is a
truncated right circular cone.

4.

A

2.62 Truncated pyramid

Truncated_pyramid is a four-sided pyramid that has been truncated by a plane paralleltq the base.
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4.3 Application assertions

This subclause specifies the application assertions for the building elements using explicit
representation application protocol. Application assertions specify the relationships between application
objects, the cardinality of the relationships, and the rules associated required for the integrity and
validity of the application objects and UoFs. The application assertions and their definitions are given
below.

4|3.1 Building_complex to Gis_position

Each Building_complex has a global position specified by zero or one Gis_position,"Each Gis_position
specifies the global position of zero or one Building_complex.

413.2 Building_complex to Site_shape_representation
Each Building_complex has a surrounding grounds shape defined’ by zero or one Sil:el_shape_-

rgpresentation. Each Site_shape_representation defines the sitesshape of exactly one Buildipg_complex
olject.

4|3.3 Building_element to Building_element{component
Each Building_element contains zero, one, or many Building_element_component objects that are
adlded to or subtracted from each other to form:the shape of the Building_element. Each Building_-

element_component defines an addition to orisubtraction from the shape of exactly one Building_-
element object.

413.4 Building_element to Positive_component

Each Building_element has a main_component shape defined by exactly one Positive_comppnent. Each
Ppsitive_component is the main component of exactly one Building_element.

413.5 Building_element_component to Approval

Each Building_element_component is approved by zero, one, or many Approval objects. Each
Approval provides approval for zero, one, or many Building_element_component objects.
4

3.6 Building_element_component to Building_document_reference

Each) Building_element_component references zero or one Building_document_reference. Each
Building_document_reference provides information ior zero, one, or many Building_element_-
component objects.

4.3.7 Building_element_component to Building_item_identification
Each Building_element_component is uniquely identified by exactly one Building_item_identification

object. Each Building_item_identification object uniquely identifies zero or one Building_element_-
component.
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4.3.8 Building_element_component to Component_location_in_element

Each Building_element_component has a position specified by exactly one Component_location_in_-

element. Each Component_location_in_element specifies the position of zero, one, or many
element_component objects.

4.3.9 Building_element_component to Component_shape

Building_-

Each Building_element_component has a shape defined by exactly one Component s
Cpmponent_shape defines the shape of exactly one Building_element_component object
4

3.10 Building_element_component to Item_classification

Each Building_element_component has classifications specified by zer0y-one, or ma
clpssification objects. Each Item_classification specifies the classification of zero, one,
Building_element_component objects.

413.11 Building_element_component to Property

Each Building_element_component is characterized by zero, one, or many Property obj
Property characterizes zero, one, or many Building_element_component objects.

4|3.12 Building_item to Approval

Each Building_item is approved by zero, one, or many Approval objects. Each Approval
approval for zero, one, or many Building_item objects.

413.13 Building_item to Building_document_reference

Each Building_item references zero or one Building_document_reference object. Each
document_reference provides information about zero, one, or many Building_item objects

413.14 Building..itém to Building_item_identification

Each Building_item is uniquely identified by exactly one Building_item_identification objed
Building_item“ddentification uniquely identifies zero or one Building_item.

413.155Building_item to Building_level

hape. Each

Ny ltem_-
or many

pcts. Each

provides

Building_-

t. Each

Each’Building item is assigned to zera, one, or many Building level objects Fach Building

| level has

assigned to it zero, one, or many Building_item objects.

4.3.16 Building_item to Item_classification

Each Building_item has classifications specified by zero, one, or many Item_classification objects.
Each Item_classification specifies the classification of zero, one, or many Building_item objects.
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4

.3.17 Building_item to Property

©ISO

Each Building_item is characterized by zero, one, or many Property objects. Each Property
characterizes zero, one, or many Building_items objects.

4

.3.18 Building_level to Building_item_identification

Each Building_level is uniquely identified by zero or one Building item identification. Each

B

4

E
E

4

E
ch

4

E
sk

4

4

E
de

4

E
de

Lilding_item_identification identifies zero or one Building_level.

3.19 Building_level to Item_classification

hch Building_level has classifications specified by zero, one, or many Item_classificatio
hch Item_classification specifies the classification of zero, one, or many. Building_level o

3.20 Building_level to Property

hch Building_level is characterized by zero, one, or many_Property objects. Each
aracterizes zero, one, or many Building_level objects.

3.21 Building_level to Advanced_shell

hch Building_level has space shapes defined by zero or one Advanced_shell object. Each
ell defines the space shape of exactly one Building_level object.

3.22 Building_level to Elementary_shell

hch Building_level has space shapes defined by zero or one Elementary shell ob
ementary_shell defines the space shape of exactly one Building_level object.

3.23 Building_levekio Faceted_shell

hch Building_level has)space shapes defined by zero or one Faceted_shell object. Each F
fines the space_shape of exactly one Building_level object.

3.24 Building_level to Ground_face

hch Building _level has space shapes defined by zero or one Ground_face object. Each G
pfinéstthe space shape of exactly one Building_level object.

N objects.

bjects.

Property

\dvanced_-

ject. Each

Aceted_shell

round_face

4

.3.25 Building_position_in_complex to Building

Each Building_position_in_complex has as a positioned building exactly one Building. Each Building

is

the positioned building in exactly one Building_position_in_complex object.
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4.3.26 Building_position_in_complex to Building_complex

Each Building_position_in_complex is positioned within exactly one Building_complex. Each
Building_complex contains zero, one, or many Building_position_in_complex objects.

4.3.27 Building_position_in_complex to Placement

Each Building position_in complex has a location specified by exactly one Placement. Each
Placement specifies the location of zero, one, or many Building_position_in_complex objects.

413.28 Building_section to Building_item_identification

Each Building_section is uniquely identified by exactly one Building_item_identifieation objeict. Each
Building_item_identification object uniquely identifies zero or one Building_(Section.

413.29 Change_request to Approval

Each Change_request is authorized by one, or more Approval*objects. Each Approval provides
alithorization for zero, one, or many Change_request objects.

413.30 Change_request to Building_element _component
Each Change_request specifies zero or one Building, element_component as the proposed|replacement
of the change. Each Building_element_component is specified as the proposed replacemgnt of zero,
ome, or many Change_request objects.

4/3.31 Change_request to Building_item
Each Change_request specifies Zero or one Building_item as the proposed replacement of the change_ -

rgquest. Each Building_item is specified as the proposed replacement of zero, one, or many Change_-
regquest objects.

413.32 Change_request to Building_item_identification
Each Change_request specifies exactly one Building_item_identification which identifies a building
itgm as an unsatisfactory condition. Each Building_item_identification identifies a building {tem that
is|specified~as unsatisfactory by zero, one, or many Change_request objects.

413.33 Component_shape to Component_shape_representation

Each Component_shape is represented by one, or more Component_shape_representation objects. Each
Component_shape_representation represents exactly one Component_shape object.
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4.3.34 Component_shape_representation to Advanced_b rep

©ISO

Each Component_shape_representation contains zero or one Advanced_b_rep objects as an element
of the representation. Each Advanced_b_rep is an element of exactly one Component_shape_-

representation object.

4.3.35 Component_shape_ representation to Advanced_curve

E
of
re

hch Component_shape_representation contains zero or one Advanced_curve objectsqas
the representation. Each Advanced curve is an element of exactly one Compene
presentation object.

413.36 Component_shape_representation to Advanced_face_with_thicl
E

ay
C

hch Component_shape_representation contains zero or one Advanced face_with_thick
an element of the representation. Each Advanced_face_with_thickness is an element of
bmponent_shape_representation object.

413.37 Component_shape_representation to Bloek

E
re

hch Component_shape_representation contains zero.orione more Block objects as an el
presentation. Each Block is an element of exactly.one Component_shape_representatid
413.38 Component_shape representation to Elementary b _rep
E

of
re

hch Component_shape_representation contains zero or one Elementary_b_rep objects a
the representation. Each Elementaryob_rep is an element of exactly one Compone
presentation object.
413.39 Component_shape representation to Elementary curve
E

of
re

hch Component_shape representation contains zero or one Elementary_curve objects a
the representationsEach Elementary _curve is an element of exactly one Compone
presentation object:

413.40 Component_shape_representation to Elementary face with_thick

E
as

hch Camponent_shape_representation contains zero or one Elementary_face_with_thick
ancelément of the representation. Each Elementary_face_with_thickness is an element of

5 an element
Nt_shape_-
(Ness

ness objects
exactly one

bment of the
n object.

S an element
nt_shape_-

5 an element
nt shape -
ness

hess objects
exactly one

Cpmponent_shape_representation object.

4.3.41 Component_shape_representation to Faceted b rep

Each Component_shape_representation contains zero or one Faceted b _rep objects as an element of
the representation. Each Faceted_b_rep is an element of exactly one Component_shape_representation

object.
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4.3.42 Component_shape_representation to Faceted curve

Each Component_shape_representation contains zero or one Faceted_curve objects as an element of
the representation. Each Faceted_curve objects is an element of exactly one Component_shape._-

representation object.

4.3.43 Component_shape_representation to Faceted face with_thickness

4

E
el
sk

4

E
el
C

4
E

of
re

4
E
of

re

4

E

ol
a
C

ch Component_shape_representation contains zero or one Faceted_face with_thickne
element of the representation. Each Faceted face with_thickness is an element'-of
bmponent_shape_representation object.

3.44 Component_shape_representation to Right_circular_cylinder
hch Component_shape_representation contains zero or one Right_circular_cylinder ob
ement of the representation. Each Right_circular_cylinder is an element of exactly one Co
ape_representation object.

3.45 Component_shape_representation to Solid_of linear_extrusion
hch Component_shape_representation contains zero, of. one Solid_of linear_extrusion o

ement of the representation. Each Solid_of linear extrusion is an element of ex
bmponent_shape_representation object.

3.46 Component_shape_representation to Solid_of revolution
hch Component_shape_representation‘.contains zero or one Solid_of_revolution objects a

the representation. Each Solid_of\revolution is an element of exactly one Componer
presentation object.

3.47 Component_shape_representation to Trimmed_sphere
hch Component_shape: representation contains zero or one Trimmed_sphere objects a
the representatiom Each Trimmed_sphere is an element of exactly one Compone

presentation object.

3.48 Camponent_shape_representation to Trimmed_torus

hch«Component_shape_representation contains zero or one Trimmed_torus objects as a

th

elrepresentation. Each Trimmed_torus is an element of exactly one Component_shape_re

5S objects as
pxactly one

jects as an
mponent_-

bjects as an
actly one

5 an element
t_shape_-

5 an element
nt shape -

element of
resentation

:

object.

4

.3.49 Component_shape_representation to Truncated cone

Each Component_shape_representation contains zero or one Truncated_cone objects as an element of
the representation. Each Truncated_cone is an element of exactly one Component_shape_representation
object.
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4.3.50 Component_shape_representation to Truncated_pyramid

Each Component_shape_representation contains zero or one Truncated_pyramid objects as an element
of the representation. Each Truncated_pyramid is an element of exactly one Component_shape_-

representation object.

4.3.51 Facet_trigon to Point

Eqach Facet_trigon has its border defined by three Point objects. Each Point defines the harfler of zero,
ome, or many Facet_trigon objects.

413.52 Faceted_surface_representation to Facet_trigon

Each Faceted_surface_representation has facets defined by one, or more Facet_trigon opjects. Each
Facet_trigon defines the facets of zero, one, or many Faceted_surface (representation objects.

413.53 Item_assembly to Approval

Each Item_assembly is approved by zero, one, or many Approval objects. Each Approvdl provides
approval for zero, one, or more Iltem_assembly objects.

413.54 Item_assembly to Building_item

E@ch Item_assembly has components of zero, one; or many Building_item objects. Each Buflding_item
is|a component of zero or one Item_assembly:objects.

413.55 Item_assembly to Item<iassembly

Each Item_assembly has components of zero, one, or many Item_assembly objects. Hach Item_-
assembly is a component of zero or one Item_assembly object.

413.56 Item_assembly to Item_classification

Each Item_assembly_has classifications specified by zero, one, or many ltem_classificatipn objects.
Each Item_classifieation specifies the classification of zero, one, or many Iltem_assembly pbjects.

413.57 ltem_assembly to Property

Each<ltem_assembly is characterized by zero, one, or many Property objects. Each Property
characterizes zero, one, or many Iltem assembly objects.

4.3.58 Item_group to Building_item

Each Item_group has members of zero, one, or many Building_item objects. Each Building_item is
a member of zero, one, or many Item_group objects.
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.3.59 Item_group to Item_group

Each Item_group has members of zero, one, or many Iltem_group objects. Each Item_group is a

m

4

ember of zero, one, or many ltem_group objects.

.3.60 Item_position_in_section to Building_item

Each Item_position_in_section has as a positioned element exactly one Building_item. Each Building_-

itq
4

E
S6€

4

E
ol
S¢

4

E
SK

4

m is the positioned element exactly one Item_position_in_section object.

3.61 Item_position_in_section to Building_section

hch Item_position_in_section is positioned within exactly one Building_section. Each B
ction has positioned in it zero, one, or many ltem_position_in_section objects.

3.62 Item_position_in_section to Simple_curve
hch Item_position_in_section may have reference lines defined<by exactly two or three Ele

rve objects. Each Elementary_curve is a reference line for, zero, one, or many Item_po
ction objects.

3.63 Item_position_in_section to Placement

hch Item_position_in_section has a location specified by exactly one Placement. Each
ecifies the location of zero, one, or many Mfem_position_in_section objects.

3.64 Item_proximity relationship to Building_item

hch Item_proximity_relationship has an item specified by exactly one Building_item obije
Jilding_item may an item in.zéro, one, or many Item_proximity_relationship objects.

hch Item_proximity _relationship has items in proximity to an item specified by one

Lilding_item objects/Each Building_item may in proximity to an item as specified by zero
any Item_proximity-relationship objects.

3.65 Level” position_in_section to Building_level

hch Level” position_in_section has as a positioned level in exactly one Building_le
Lilding”level is the positioned level in exactly one Level_position_in_section object.

uilding_-

mentary_-
sition_in_-

Placement

pct. Each

Dr more
| one, or

el. Each

4

.2.60 Level positon_In_section to Building_section

Each Level position_in_section is positioned within exactly one Building_section. Each Building_-
section has positioned in it zero, one, or many Level _position_in_section objects.
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4.3.67 Level position_in_section to Placement

Each Level_position_in_section has a location specified by exactly one Placement. Each
specifies the location of zero, one, or many Level_position_in_section objects.

4.3.68 Point_and_line_representation to Point

Each Point and_line representation has survey points defined by one or more Point ob

Placement

ects. Each

413.69 Polyline to Point

E@ch Polyline has its path defined by one or more Point objects. Each Point defines the p4g
ome, or many Polyline objects.

413.70 Section_position_in_building to Building

Eqach Section_position_in_building is positioned within exactly ohe*Building. Each Building
z¢ro, one, or many Section_position_in_building objects.

413.71 Section_position_in_building to Building_section

Each Section_position_in_building has as a posijtioned section exactly one Building_sec
Building_section is the positioned section in exdetly one Section_position_in_building objg

413.72 Section_position_in_building to Placement

Eqach Section_position_in_building has a location specified by exactly one Placement. Each
specifies the location of zero, ong,;or many Section_position_in_building objects.

413.73 Site_shape_representation to Gis_paosition

Each Site_shape_representation has a global position specified by zero or one Gis_position
position specifies the-orientation of zero or one Site_shape_representation.

4|3.74 Site-shape_representation to Polyline

Each Site~shape_representation has breaklines defined by one or more Polyline objects. E
definésthe breaklines of exactly one Site_shape_representation objects.

Popint defines a survey point for zero, one, or many Point_and_line_representation objegtd.

ith of zero,

contains

fion. Each

ct.

Placement

Each Gis_-

hch Polyline

4.3.75 Space to Advanced_shell

Each Space has space shapes defined by zero or one Advanced_shell object. Each Advanced_shell

defines the space shape of exactly one Space object.
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4.3.76 Space to Elementary_shell

Each Space has space shapes defined by zero or one Elementary_shell object. Each Elementary_shell
defines the space shape of exactly one Space object.

4.3.77 Space to Faceted_shell

Each Space has space shapes defined by zero or one Faceted shell object. Each Faceted shell defines
thie space shape of exactly one Space object.

413.78 Space to Ground_face

Each Space has space shapes defined by zero or one Ground_face object. Each Ground| face defines
thie space shape of exactly one Space object.

413.79 Sublevel to Building_level

Each Sublevel belongs to exactly one Building_level. Each Building_level may have zerg, one, or
mpore Sublevel objects.

5| Application interpreted model

5|1 Mapping table

This clause contains the mapping table‘that shows how each UoF and application object pf this part
off ISO 10303 (see clause 4) maps.to,one or more AlIM constructs (see annex A). The mapping table
is|organized in five columns.

Cplumn 1) Application element:"Name of an application element as it appears in the application object
definition in 4.2. Application“object names are written in uppercase. Attribute names and pssertions
alle listed after the application object to which they belong and are written in lower case.

Cplumn 2) AIM element: Name of an AIM element as it appears in the AIM (see annex A), [the term
‘IDENTICAL MAPPING’, or the term ‘PATH’. AIM entities are written in lower case. Attr|bute
names of AIM' entities are referred to as <entity name>.<attribute name>. The mappi|ng of an
applicationrelement may result in several related AIM elements. Each of these AIM elements requires
alline of-its own in the table. The term ‘IDENTICAL MAPPING’ indicates that both appljcation

s that the

Column 3) Source: For those AIM elements that are interpreted from the integrated resources or the
application interpreted constructs (AICs), this is the number of the corresponding part of ISO 10303.
For those AIM elements that are created for the purpose of this part of ISO 10303, this is the number
of this part.
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NOTE - Entities or types that are defined within the integrated resources have an AIC as the source

reference if the use of the entity or type for the mapping is within the scope of the AIC.

Column 4) Rules: One or more numbers may be given that refer to rules that apply to the current AIM
element or reference path. For rules that are derived from relationships between application objects,
the same rule is referred to by the mapping entries of all the involved AIM elements. The expanded
names of the rules are listed after the table.

within this part of ISO 10303, a reference path up to its supertype from an _integrated re
specified.

For the expression of reference paths and the relationships between "AIM elements thg
notational conventions apply:

a) []: enclosed section constrains multiple AIM elements or sections of the reference
required to satisfy an information requirement;

b) (): enclosed section constrains multiple AIM elements or sections of the reference
identified as alternatives within the mapping to satisfy an information requirement;

¢) {}: enclosed section constrains the reference path to satisfy an information requirem
d) <>: enclosed section constrains atcane or more required reference path;

e) ||: enclosed section constrains.the supertype entity;

f) ->: attribute references.the entity or select type given in the following row;

g) <-: entity or select type is referenced by the attribute in the following row;

h [i]: attribute is-an’aggregation of which a single member is given in the following row
i) [n]: attribute is an aggregation of which member n is given in the following row;

J) =>:entity is a supertype of the entity given in the following row;

necessary
h column
. Two or

atisfies the
led for use
psource is

following

path are

path are

bNt;

k)<=: entity is a subtype of the entity given in the following row;

I) =: the string, select, or enumeration type is constrained to a choice or value;

m) \: the reference path expression continues on the next line.
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The following rules are referenced in the preceding table:
1) application_context_requires_ap_definition

2) building_element_maps_into_building_section

3) geometric_representation_context 3d

ISO

4) restrict_application_context
5) restrict_origin_and_target

6) shape_representation_subtype_exclusiveness
7) subtype_mandatory _geometric_set

ISO 10303-225:1999(E)

5

T
Cd
1
in

o\ Hatoaa a-araatarri—eHe e S
o) Studtype—mantatoty—_gtrotp

9) subtype_mandatory_solid_model

2 AIM EXPRESS short listing

CHEMA building_design_schema;

USE FROM action_schema
(action_request_solution,

action_request_status,

versioned_action_request);

(application_context,
application_protocol_definition);

USE FROM approval_schema
(approval_date_time,
approval_person_organization);

USE FROM date time_schema
(calendar_date,

ordinal_date,

week_of yearhand _day_date);

USE FROM document_schema
(documeént usage_constraint);

USE FROM geometric_model_schema
(block,

hoolean onarand
PE6rEaH—BPeahG;

USE FROM application_context_schema

his clause specifies the EXPRESS schema that uses elements from the’ integrated re
ntains the types, entity specializations, rules, and functions that are_specific to this part of 1ISO
303. This clause also specifies modifications to the textual material~for the construct
ported from the integrated resources. The definitions and EXPRESS provided in the
sources for constructs used in the AIM may include select list.tems and subtypes whi
ported into the AIM. Requirements stated in the integrated respurces which refer to such
btypes apply exclusively to those items which are imported into the AIM.

- ISO 10303-41

ISO 10303-41

- 1SO 10303-41

- 1SO 10303-41

- 1SO 10303-41

-- ISO 10303-42

sources and

5 that are
ntegrated
Ch are not
items and

boolean_result,
brep_with_voids,
csg_solid,
extruded_area_solid,
faceted_brep,
geometric_curve_set,
geometric_set,
manifold_solid_brep,
revolved_area_solid,
right_circular_cone,
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right_circular_cylinder,
solid_model,

sphere,

torus);

USE FROM geometry_schema
(axis2_placement_2d,
axis2_placement_3d,
bezier_curve,

bezier_surface,

©ISO

- 1ISO 10303-42

b_spline_curve with_knots
b_spline_surface_with_knots,
cartesian_point,
cartesian_transformation_operator_3d,
circle,

conical_surface,

curve,
curve_bounded_surface,
cylindrical_surface,
degenerate_toroidal_surface,
direction,

ellipse,
geometric_representation_context,
hyperbola,

intersection_curve,

line,

outer_boundary_curve,
parabola,

pcurve,

placement,

plane,

polyline,
quasi_uniform_curve,
quasi_uniform_surface,
rational_b_spline_curve,
rational_b_spline_surface,
rectangular_composite_surface,
rectangular_trimmed_surface,
spherical_surface,

surface,

surface_curve,

surface_of _linear_extrusion;
surface_of revolution,
surface_patch,
swept_surface,
toroidal_surface,
trimmed_curye;
uniform_curye,
uniform_surface,

vector);

USE~FROM group_schema
(group);

-- ISO 10303-41

USE FROM management_resources_schema
(action_assignment,

approval_assignment,

date_assignment,

document_reference,

group_assignment,

name_assignment,

organization_assignment,
person_and_organization_assignment,
person_assignment);
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USE FROM measure_schema -- 1SO 10303-41
(conversion_based_unit,
derived_unit,
global_unit_assigned_context,
length_measure,
length_measure_with_unit,
length_unit,

parameter_value,
plane_angle_measure_with_unit,
plane_angle measure,
plane_angle_ unit
positive_length_measure,
si_unit);

USE FROM person_organization_schema -- I1SO 10303-41
(organizational_project);

USE FROM product_definition_schema -- 1SO r10303-41
(product_category,

product_category_relationship,

product_definition,

product_definition_relationship,

product_related_product_category);

USE FROM product_property definition_schema -- ISO 10303-41
(characterized_obiject,

property_definition,

shape_aspect,

shape_aspect_relationship);

USE FROM product_property representation_schema -- 1ISO 10303-41
(shape_definition_representation,
shape_representation);

USE FROM product_structure_schema -- I1ISO 10303-44
(assembly_component_usage);

USE FROM qualified_measure_schema -- I1ISO 10303-45
(descriptive_representation_item;
measure_representation_item);

USE FROM representatiof: schema -- I1ISO 10303-43
(definitional_representation;

mapped_item,

parametric_representation_context,

representation itena,

representation.telationship_with_transformation);

USE FROM topology_schema -- ISO 10303-42
(closed sshell,
connected_face_set,
edgey

edge_curve,

edge loop,

face,

face bound,
face_outer_bound,
face_surface,

loop,
oriented_closed_shell,
oriented_edge,

path,

poly_loop,

vertex,
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vertex_loop,
vertex_point);

(*

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

©ISO

action_schema ISO 10303-41
application_context_schema ISO 10303-41
approval_schema ISO 10303-41
date—tme—sehema 1501836341
document_schema ISO 10303-41
geometric_model_schema ISO 10303-42
geometry_schema ISO 10303-42
group_schema ISO 10303-41
management_resources_schema 1ISO 10303-41
measure_schema ISO 10303-41
person_organization_schema ISO 10303-41
product_definition_schema ISO 10303-41
product_property _definition_schema ISO 10303-41
product_property representation_schema ISO 1030342
product_structure_schema ISO 10303-44
qualified_measure_schema ISO 10303-45
representation_schema 1ISO<10303-43
topology_schema 1ISO10303-42

2.1 building_design type definitions

g1 Ol

2.1.1 building_component_classification_item
Albuilding_component_classification_iteris a component to which a classification is assig

EKPRESS specification

TYPE building_component_classification_item = SELECT
(negative_component,

positive_component,

opening,

recess);

END_TYPE;

5|2.1.2building_design_approval_item

A|building_design_approval_itemis an item to which approval is given.

hed.

EXPRESS specification

*

TYPE building_design_approval_item =
(building_element_assembly,
building_element,
fixture_equipment_element,
service_element,

SELECT
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space_element,
structure_enclosure_element,
change,
positive_component,
negative_component);
END_TYPE;
(*

5.2.1.3 building_design_change_item

A|building_design_change_itenis an item to which a design change is assigned.

EXKPRESS specification:

TYPE building_design_change_item = SELECT
(identified_item,

resulting_item);

END_TYPE;

5|2.1.4 building_design_date_item
Al|building_design_date_itemis an item to which a date i9 assigned.

EKPRESS specification

TYPE building_design_date_item = SELECT
(versioned_action_request);
END_TYPE;

5|2.1.5 building_design_aorganization_item
Albuilding_design_organization_itemis an item to which an organization is assigned.

EXPRESS specificatian

TYPE building/design_organization_item = SELECT
(building,

building~complex,
buildingitem_identification_assignment,
versiened_action_request);

END”TYPE;

(*

5.2.1.6 building_design_person_and_organization_item

A building_design_person_and_organization_itens an item to which g@erson_and_organization
is assigned.
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EXPRESS specification

*

TYPE building_design_person_and_organization_item = SELECT
(versioned_action_request);
END_TYPE;

(*
5.2.1.7 building_design_person_item

©ISO

Albuilding_design_person_itemis an item to which a person is assigned.

EKPRESS specification

TYPE building_design_person_item = SELECT
(building,

building_complex,
building_item_identification_assignment,
versioned_action_request);

END_TYPE;

5|2.1.8 building_document_item
A|building_document_itemis an item to which a document reference is assigned.

EKPRESS specification

*

TYPE building_document_item = SELECT
(negative_component,
positive_component,

building_element,
fixture_equipment_element,
service_element,

space_element,
structure_enclosure_element,
building_component_elassification_group,
product_categoryy;

END_TYPE;

5|2.1.9 identified_item

An identified_item is an item to which a hame is assigned.

EXPRESS specification

*

TYPE identified_item = SELECT
(building_element,
fixture_equipment_element,
service_element,
space_element,
structure_enclosure_element,
building_level,
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building_section,
positive_component,
negative_component);

END_TYPE;

(*

5.

A

E

2.1.10 resulting_item

resulting_item is an item that results from a change.

KPRESS specification

*

Tt

E

iffer from the more general B-rep in having only explicit geometric forms for their faces an

PE resulting_item = SELECT
(building_element,
fixture_equipment_element,
service_element,
space_element,
structure_enclosure_element,
positive_component,
negative_component);
ND_TYPE;

2.2 building_design entities
2.2.1 building_design entity definitions

2.2.1.1 advanced_brep_buildingzshape representation

headvanced_brep_building_shape_representatiois a subtype o$hape_representatiornn whi
erepresentation_itens are specialisations afanifold_solid_brepentities or reference lines. T

ne face geometry is restricted to elementary surfaces, swept surfaces or B-spline surfac

KPRESS specificatian

*

E

WHERE

NTITY advancedcbréep building_shape_representation
SUBTYPE OF(shape_representation);

WR1: SIZEOF (QUERY (it <* SELF.items |
NOT' ((SIZEOF (['BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
‘BUILDING_DESIGN_SCHEMA.FACETED_BREP’,
"BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT _3D] *

Ch

hese

d edges.
ES,

TVDI:('\I:(n‘\\ = 1\ OR

(it.name =""reference curve’)))) = 0;

WR2: (SIZEOF (QUERY (it <* SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’] * TYPEOF(it)) = 1))
>= 1) OR
({2 <= SIZEOF (QUERY (it <* SELF items |
it.hame = 'reference curve’)) <= ;

WR3: SIZEOF (QUERY (msh <* QUERY (|t <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOK(it))
| NOT (SIZEOF (QUERY (csh <* msb_shells(msb) |
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NOT (SIZEOF (QUERY (fcs <* csh.cfs_faces |
NOT (BUILDING DESIGN_SCHEMA.ADVANCED_FACE’ IN
TYPEOF(fcs)))) = 0))) = 0))) = 0;

WR4: SIZEOF (QUERY (msb <* QUERY (it <* items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF(it))
| 'BUILDING_DESIGN_SCHEMA.ORIENTED_CLOSED_SHELL’ IN
TYPEOF (msb.outer))) = 0;

WR5: SIZEOF (QUERY (brv <* QUERY (it <* items |
'BUILDING_DESIGN_SCHEMA.BREP_WITH_VOIDS’ IN TYPEOF(it)) |
NOT (SIZEOF (QUERY ( csh <* brv.voids |
csh.orientation)) = 0))) =

WR6: SIZEOF (QUERY (mi <* QUERY (it <* items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF(it)) |
NOT ('BUILDING_DESIGN_SCHEMA. +
"ADVANCED_BREP_| BUILDING _ SHAPE REPRESENTATION IN
TYPEOF (mi.mapping_source.mapped_representation)))) =

WR7: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE’ IN TYPEOF (it))-OR
((BUILDING_DESIGN_SCHEMA TRIMMED_CURVE' IN TYPEOF ((it)) AND
('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) =

ND_ENTITY;

prmal propositions

m
e

W
a
of

W
ry

R1: The items attribute of theepresentation supertype may contaimanifold_solid_bre
apped_iters andaxis2_placement_3d or have a name of ‘reference curve'.féceted brep

R2: At least onerepresentation_itemin the'set of items shall beraanifold_solid_brep entity
mapped_item or between two and thraepresentation_iterns in the set of items shall have a
‘reference curve’.

NOTE - See also WR6.

le ensures that the following conditions are met:

a) Eachfaceis-aface_surface

spline_surface

¢)~-Theedges used to define the boundaries of flaee shall all reference ardge_curve

cluded from the set of items since this would beoftigaeted _brepand of typemanifold_solid
biep.

b) Eachface  surfacehas its geometry defined by atementary_surface swept_surfaceor ab

DS,
is

or
name

R3: For eachmanifold_Salid_brepin the set of items eactace shall be aradvanced_face This

d) Eachcurve used to define the geometry of tifi@ces and face bounds shall be eithecen
line, polyline, or b_spline_curve

ic,

e) Theedges used to define the face boundaries shall all be trimmed by vertices ofiéypex_-

point;

f) No loop used to define dace_boundshall be of the oriented subtype.
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WRA4: For eachmanifold_solid_brep in the set of items the outer_shell attribute shall not be of the
oriented subtype.

WRS5: If a brep_with_voids is included in the set of items then eagdtell in the voids set shall be
anoriented_closed_shellith orientation value FALSE.

WR6: If a mapped_itemis included in the set of items then the mapped_representation of the
mapping_source attribute shall be advanced_brep_building_shape_representation

NOTE - If acartesian_transformation_operator_3dis included as the mapping_target of tlnappetli_—
item with anaxis2_placement_3caorresponding to the original coordinate system for the miapping_origin
of the mapping_source then the resultintapped_item is a transformed copy of thadvancefl -
brep_building_shape_representationThe precise definition of the transformation, in¢luding transglation,
rotation, scaling and, if appropriate, mirroring, is given by the transformation operator.

WR7: Each representation_item with the name of ‘reference curve’ in~the set of items|of an

adlvanced_brep_building_shape_representatioshall be either @olyline oratrimmed_curve with
a|basis_curve that is arcle.

5(2.2.1.2 advanced_csg_shape_representation

An advanced_csg_shape_representatiois a shape_representationthat is composed of €SG
primitives and boolean operators.

EKPRESS specification

*

ENTITY advanced_csg_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <*'SELF.items |
NOT ((SIZEOF (I'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED _AREA_SOLID’,
'BUILDING_DESIGNSSCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN SCHEMAAXISZ PLACEMENT 3D,
'BUILDING_DESIGN_SCHEMA.MAPPED _ITEM] * TYPEOF (item))
(item.name =(reference curve’)))) = O;

WR2: (SIZEOF (QUERY (item <* SELF.items |
(SIZEOF ([FBUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING”DESIGN_SCHEMA.EXTRUDED_ AREA _ SOLID’
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILBDING_DESIGN_SCHEMA.MAPPED_ITEM?] * “TYPEOF (item)) = 1)) >= 1)
OR) ({2 <= SIZEOF (QUERY (it <* SELF.items |
ithame = 'reference curve’)) <= 3});

WR3Y SIZEOF (QUERY (item <* SELF.items |
(BUILDING_DESIGN_SCHEMA.CSG_SOLID’ IN TYPEOF (item)) AND
/l\IhT /\IQIIA arhlanr\nrl r\eg tree

(|tem\csg SO|Id tree_root_expression))))) =

WR4: SIZEOF (QUERY (mi <* QUERY (item <* SELF. |tems |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT ('BUILDING_DESIGN_SCHEMA.ADVANCED CSG_SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =

WR5: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) AND
(NOT ((BUILDING DESIGN_SCHEMA.POLYLINE’ IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND
('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN

1) OR
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TYPEOF (it\timmed_curve.basis_curve))))))) = 0;
END_ENTITY;

(*

Formal propositions

WR1: Each item of aradvanced_csg_shape_ representati@hall be acsg_solid extruded_area_-
solid, revolved_area_solid axis2_placement_3d or mapped_item or has a name of ‘reference

curve’,

item, or between two and threeepresentation_itens in the set of items shall have a na
‘reference curve’.

=

R3: An advanced_csg_shape_representaticall be comprised of the prgper CSG tree ele

W
WR4: For eachmapped_item in an advanced csg_shape_representatiprthe source of
miapped_itemshall be aradvanced_csg_shape_representation

WR5: Each representation_item with the name of ‘reference curve’ in the set of items

a@lvanced_csg_shape_representatiaghall be either golylinewor atrimmed_curve with a basi
cyrve that is eircle.

5|2.2.1.3 advanced face

thie geometry is directly and completely defined. Huwvanced_facds used to formulate the pr
meaning of a topologically bounded surface.

EKPRESS specification

*

ENTITY advanced_face

SUBTYPE OF (face_surface);

WHERE

WR1 : SIZEOF (['BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’,
'BUILDING DESIGN_SCHEMA.B_SPLINE_SURFACE’,
'BUILDING_DESIGN_SCHEMA.SWEPT_SURFACE" *
TYPEOF (face_geometry)) = 1;

WR2 : SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
‘BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN
TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT(BUILDING_DESIGN_SCHEMA.EDGE_CURVE’ IN

WR2: An advanced_csg_shape_representati@hall have at least orrepresentation_iteminstarlnce
in[its set of items that is of typesg_solid extruded_area_solid revolved_area_solid or mapped_-

me of

nents.

the

of an
S_-

Ap advanced_faces a special subtype déce_ .surfacewhich has additional constraints to ensufe that

pCise

TYPEOF(Oe.edge_etement)))) = 0))) = O,
WR3 : SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN
TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT (SIZEOF ([BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC',
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.SURFACE_CURVFE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] *
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TYPEOF (oe.edge_element\edge_curve.edge_geometry)) = 1))) = 0)))

SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN

TYPEOF (bnds.bound)) |

NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT ((((BUILDING_DESIGN_SCHEMA.VERTEX_POINT IN
TYPEOF (oe.edge_start)) AND
(BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT" IN

TYPEOF (oe.edge_start\vertex_point.vertex_geometry)))) AND
((BUILDING DESIGN_SCHEMA.VERTEX_ POINT’ IN

WR7

WR9

WRS

WR6 :

D;
. SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* SELF.bounds |

WRS :

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

WR10 :

TYPEOF (oe.edge_end)) AND
(BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’ IN
TYPEOF (oe.edge_end\vertex_point.vertex_geometry)))))) = 0))) =
SIZEOF(QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN

TYPEOF (bnds.bound))
'BUILDING_DESIGN_SCHEMA.ORIENTED_PATH’ IN
TYPEOF (elp_fbnds.bound))) = 0;

(NOT (BUILDING_DESIGN_SCHEMA.SWEPT_SURFACE' IN
TYPEOF (face_geometry))) OR

(SIZEOF ('BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA. CONIC,,
'BUILDING_DESIGN_SCHEMA. POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] *

TYPEOF (face_geometry\swept_surface.swept_curve)), =

'BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’ N
TYPEOF(bnds.bound))

NOT ((BUILDING_DESIGN_SCHEMA.VERTEX  POINT" IN
TYPEOF (vilp_fbnds\face_bound.bound\vertex loop.loop_vertex)) AND
('BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’ IN
TYPEOF (vlp_fbnds\face_bound.bound\vertex_ Ioop
loop_vertex\vertex_point.vertex_geomeiry))))) = O;

SIZEOF (QUERY (bnd <* SELF.bounds |

NOT (SIZEOF (I'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’,
'BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’] *
TYPEOF(bnd.bound)) = 1)))_= 0;

'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN

TYPEOF (bnds.bound)) |

NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
(BUILDING_DESIGN_SCHEMA.SURFACE_CURVE' IN
TYPEOF (oe-edge_element\edge_curve.edge_geometry)) AND
(NOT (SIZEGF (QUERY (sc_ag <*
oe.edge_element\edge_curve.edge_geometry\
surface-~.Curve.associated_geometry
NOTA(‘BUILDING_DESIGN_SCHEMA.PCURVE’ IN

TYREOF (sc_ag)))) = 0))) = 0))) = O;

((NOT ('BUILDING_DESIGN SCHEMA SWEPT_SURFACE’ IN
TYPEOF(face_geometry))) OR

((NOT (BUILDING_DESIGN_SCHEMA.POLYLINE' IN
TYPEOF(face_geometry\swept_surface.swept_curve))) OR
(SIZEOF(face geometry\swept surface.swept curve\polyline.points)

< 3))) AND

(SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* SELF.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN

TYPEOF (bnds.bound)) |

NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
(BUILDING_DESIGN_SCHEMA.POLYLINE’ IN
TYPEOF(oe.edge_element\edge_curve.edge_geometry)) AND

(NOT (SIZEOF (oe. edge element\edge curve.edge_geometry\

polyline.points) < 3)))) = 0))) = 0);

END_ENTITY;
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Formal propositions

©ISO

WR1: The geometry used in the definition of the face shall be restricted. The face geometry shall be
an elementary_surface swept_surface or b_spline_surface

W

R2: The geometry of all bounding edges of the face shall be fully definestlge_curve.

W
W
a
W
W
W

W
W

W
C¢

5
A
w

th

E

polylines, surface_curves, orb_spline_curves.

prohibited.

be of typeline, conic, polyline, or b_spline_curve

rgferencepcurves notsurfaces.

R3: The types of curve used to define the geometry of edges shall be restridindsaconi

R5: The use of oriented paths in the definition of thdge loop of the’advanced_facq

R6: If the face geometry is of typgwept_surface then the sweptscurve used in the definitio

R8: The face bounds shall be defined by eitle€ige_loo or vertex_loops.
R9: If a surface_curveis used as part of a:tace bound then the associated_geometry attri

R10: If a polyline is used either.te’ define swept_surfaceor as part of a face bound, it
ntain at least three points.

2.2.1.4 advanced.(face_ with_thickness_shape_representation
th underlying geometry that is comprised of analytic or advanced surfaces with a length th
e thickness.

KPRESS specification

*

E

NHTY advanced_face_ with_thickness_shape_representation

S,

R4: All vertices used in the face definition shall be of typertex_point with geomeétry defined by
Cartesian_point

is

n shall

R7: For anyvertex_loopused to bound the face, the loop_vertex shall be of igreex_point and
the geometry shall be defined bycartesian_point

bute shall

shall

n advanced_face with’ thickness_shape_representatia solid model that is defined byface

at defines

“SUBTYPE OF (Shtape_Ttepresentation, —sotid_Tmodet);

WHERE
WR1: SIZEOF (SELF.items) = 2;
WR2: SIZEOF (QUERY (item <* SELF.items |
(SIZEOF ('BUILDING_DESIGN_SCHEMA.MEASURE_REPRESENTATION_ITEM’,
'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE_WITH_UNIT] *
TYPEOF (item)) = 2) AND (item.name = 'thickness’))) = 1;
WR3: SIZEOF (QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.ADVANCED_FACE’ IN TYPEOF (item))) = 1,
END_ENTITY;
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Formal propositions

WR1: An advanced_face_with_thickness_shape_representatioshall

representation_iterns in its set of items.

contain exactly two

WR2: Exactly onerepresentation_itemin the set of items of aadvanced_face_with_thickness_-

S

ape rplnrpqpnmfinmhnll he _ameasure rplnrpcpnmrinn itemand r—llpngfh measure \Wwith 1

nit

w

W
sk

5

A
sh
cl

E

th a name of ‘thickness'.

ape_representatiorshall be aradvanced_face

2.2.1.5 advanced_space_boundary_shape_representation

psed_shel.

KPRESS specification

*

E

NTITY advanced_space_boundary_shape_representation
SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <* SELF.items\]
NOT ((SIZEOF ('BUILDING_DESIGN-SCHEMA.CLOSED_SHELL"’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’] *
TYPEOF (item)) = 1) OR
(item.name = 'reference curve’)))) = O;

WR2: (SIZEOF (QUERY (item '<¥ SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,

OR ({2 <= SIZEOF J(QUERY (it <* SELF.items |
itthame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING. DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\connected face_set.cfs_faces |

8)))
WR4: SIZEOF (QUERY (mi <* QUERY (item <* SELF.items |

‘BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT (BUILDING_DESIGN_SCHEMA. +

'ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’ IN

R3: Exactly onerepresentation_itemin the set of items of amdvanced_face_with, thicknes

n advanced_space_boundary_shape_representatimmashape_representatiorthat represent
ape of a space in a building. This shape or aspect of shape shall be represented usir

'BUILDING_DESIGN<SCHEMA.MAPPED_ITEM] * TYPEOF (item)) = 1)) = 1)

NOT ('BUILDING_DESIGN_SCHEMA.ADVANCED_FACE’ IN TYPEOF (fcs))))

n-

bS_ -

5 the
g advanced

TYPREOE /mu\mannarl |fnm mgnr\unn Source mappnrl rapracanfﬁhnn\\\\ =
WR5: SIZEOF (QUERY (it <* SELF.items |

(it.name = 'reference curve’) AND
(NOT ((’BUILDING_DESIGN_SCHEMA.POLYLINE’ IN TYPEOF (it)) OR

I

(CBUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND

(BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) =

END_ENTITY;

(*
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Formal propositions

WR1: Each item of aradvanced_space_boundary_shape_representati@hall be aclosed_shell

mapped_item or axis2_placement_3dr has a name of ‘reference curve’.

WR2: Exactly one of the items of aadvanced_space_boundary_shape_representatishall be a
closed_shellor mapped_item or between two and threepresentation_itens in the set of items

shall have a name of ‘reference curve’.

eqch face that defines the boundary of the shell shall bedaanced_face

of the mapped_itemshall be aradvanced_space_boundary _shape_representation
WR5: Each representation_item with the name of ‘reference curve’ innithe set of items

adlvanced_space_boundary_shape_representatiahall be either golyline or atrimmed_cur
w(th a basis_curve that is @rcle.

5/2.2.1.6 advanced_wire_shape_representation

An advanced_wire_shape_representatiois a shape that. is defined by a single quadric cur
cgmposite_curvethat is comprised of simple quadricicurves.

EKPRESS specification

*

ENTITY advanced_wire_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <* ‘SELF.items |
NOT ((SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGNNSCHEMA.ELLIPSE’,
'BUILDING_DESIGN“SCHEMA.B_SPLINE_CURVFE’,
'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’,
'BUILDING_DPESIGN_SCHEMA.CURVE_REPLICA',
'BUILDING DESIGN_SCHEMA.TRIMMED _ CURVE
BUILDING DESIGN SCHEMA MAPPED ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_ PCACEMENT 3D
* TYPEOF (|tem)) 1) OR
(teminame = 'reference curve’)))) = O;

WR2: (SIZEOF (QUERY (item <* SELF.items |
SIZEOF (BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGN_SCHEMA.ELLIPSE’,

WR3: For eachclosed_shelin the items of aradvanced_space_boundary_shape_representflition

WR4: For eachmapped_itemin anadvanced_space_boundary_shape_representatiathe soyrce

of an

Ve or a

'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_SD’,
'BUILDING_DESIGN_SCHEMA.CURVE_REPLICA',
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’] * TYPEOF (item)) = 1)) = 1)
OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
it.hame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (item <* SELF.items |
(SIZEOF ([BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE,
'BUILDING_DESIGN_SCHEMA. OFFSET CURVE_3D’,
'BUILDING_DESIGN_SCHEMA.CURVE_REPLICA’,
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'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE'] * TYPEOF (item)) = 1) AND
(NOT (valid_advanced_wire_composition (item))))) = 0;
WR4: SIZEOF (QUERY (mi <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT ('BUILDING_DESIGN_SCHEMA." +
'ADVANCED_WIRE_SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =
WR5: SIZEOF (QUERY (it <* SELF.items |
(it.name = ’reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
((BUILDING DESIGN SCHEMA TRIMMED CURVE’ IN TYPEOF (it)) AND

(BUILDING_DESIGN_SCHEMA.CIRCLE’ IN'
TYPEOF (ittrimmed_curve.basis_curve))))))) =
END_ENTITY;

Formal propositions

ellipse offset_curve_3d curve_replica, trimmed_curve, mapped_item or axis2_placement_3
has a name of ‘reference curve’.

WR2: Exactly one of the items of aadvanced_wire_shape_representatioshall be acomposits
curve, circle, ellipse offset_curve_3dcurve_replica trimmed~Curve, ormapped_item or betwyg
two and threeepresentation_itens in the set of items shall have a name of ‘reference cury

rgplica, or composite_curveit shall reference valid advanced curves.

WR4: For eachmapped_item in an advanced_wire_shape_representatignthe source of
miapped_itemshall be amadvanced_wire_shape_representation

WR5: Each representation_item withbthe name of ‘reference curve’ in the set of items

aglvanced_space_boundary_shape representati@hall be either golyline or atrimmed_cur
w|th a basis_curve that is @rcle.

5|2.2.1.7 building
Albuilding is aproduet_definition that defines a building.

EKPRESS specification

*

ENTITY\ building
SUBTYPE OF (product_definition);

WR1: Each item of amadvanced_wire_shape_representatioshall be acompaosite curve circ]s,

WR3: If a representation_itemin the set of items is, &immed_curve, offset_curve_3d curvg_

r

\174
1

een

the

of an

WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.+
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA. BUILDING_SECTION’

IN TYPEOF (pdr.related_product_ defmmon))) >= 1;

WR2: SIZEOF (QUERY (pdr <* USEDIN(SELF, 'BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA.BUILDING_COMPLEX’

IN TYPEOF (pdr.relating_product_definition))) = 1;

WR3: SIZEOF (QUERY (bdpa <* USEDIN (SELF, BUILDING DESIGN_SCHEMA. +

'BUILDING_DESIGN_PERSON_ASSIGNMENT.ITEMS’) |
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bdpa.role.name = 'owner’)) +

SIZEOF (QUERY (bdoa <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_DESIGN_ORGANIZATION_ASSIGNMENT.ITEMS") |

bdoa.role.name = ’'owner’)) = 1;

END_ENTITY;

(*

Formal propositions

W

W

A

EXPRESS specification

relatlonshlp where the related_product_ definition Isballdlng section

R3: A building shall have exactly onperson or organization as its owner.

2.2.1.8 building_complex

building_complex is a product_definition that defines a collection of buildings.

*

W

F

)
ENTITY building_complex

SUBTYPE OF (product_definition);
HERE
WR1: SIZEOF (QUERY (pdr <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’) |
(pdr.name = ’in building complex’)
AND

(BUILDING_DESIGN-SCHEMA. BUILDING’
IN TYPEOF (pdr.related_product deﬂnmon)))) >= 1;
WR2: SIZEOF (QUERY (pa <* _USEDIN (SELF, BUILDING DESIGN_SCHEMA. +
'BUILDING_DESIGN_PERSON_ASSIGNMENT.ITEMS’) |
pa.role.name = ’'owner))+
SIZEOF (QUERY_(oa" <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'BUILDING_DESIGN_ORGANIZATION_ASSIGNMENT.ITEMS") |
oa.role.name gyowner)) = 1,
ND_ENTITY;

prmal propositions

W

pfinition_relationship with a name of ‘in building complex’, where the related_product_de

R2: A building shall be the related_product_definition in exactly omeduct_definition|
relationship where the relating_product_definition isbailding_complex

R1: Abuilding_complex shall be used as the relating_product_definition in at leaspooguct .
de

©ISO

finition

is

apuilding.

WR2: A building_complexshall be an item in exactly orriilding_design_person_assignmemith
a role of ‘owner’ or exactly onduilding_design_organization_assignmentvith a role of ‘owner’.
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5.2.2.1.9 building_component_classification_assignment

A building_component_classification_assignmenis a group_assignmentfor a set ofbuilding_-
component_classification_iteminstances.

EXPRESS specification

E ITITV bhaoldina A A + placcifinatinn Aot
N T OUnO Ty COTTPOTTCTIT_ SIS STCTtioTT_aS STty i et

SUBTYPE OF (group_assignment);
items : SET[1:?] OF building_component_classification_item;
EIND_ENTITY;

Altribute definitions

items: the positive_componens and negative_componerg to which a ‘group is assigned for
classification purposes.

5(2.2.1.10 building_component_classification_group

A| building_component_classification_groupis a group for the classification of instancgs of
negative_componentand positive_componententities.

EKPRESS specification

*

ENTITY building_component_classification_group
SUBTYPE OF (group);
WHERE
WR1: SIZEOF (QUERY (ga <* USEBIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'GROUP_ASSIGNMENT.ASSIGNED_GROUP’) |
'BUILDING_DESIGN_SCHEMA." +
'BUILDING_COMPQNENT_CLASSIFICATION_ASSIGNMENT’ IN TYPEOF (ga)))
>= 1,
END_ENTITY;

Formal propositions

WR1: A buildifig-"component_classification_groupshall be used as thassigned_groupby at least
ofe building.\component_classification_assignmerinstance.

5(2.2.1.11 building_design_approval

A building_design_approvalis anapproval_assignmentfor a set ofbuilding_design_approval_-
item instances.

EXPRESS specification

*

ENTITY building_design_approval
SUBTYPE OF (approval_assignment);
items : SET[1:?] OF building_design_approval_item;
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WHERE
WR1: SIZEOF( QUERY( i <* SELF.items |
SIZEOF (BUILDING_DESIGN_SCHEMA.BUILDING,
'BUILDING_DESIGN_SCHEMABUILDING_LEVEL’,
'BUILDING_DESIGN_SCHEMA.BUILDING_SECTION?,
'BUILDING_DESIGN_SCHEMA.ELEMENT_ASSEMBLY’] * TYPEOF()) = 1)) = 0;
END_ENTITY;

(*

Attribute definitions

items: the building_design_approval_iteminstances to which approval is assigned.

Formal propositions

WR1: A building_design_approvalshall not be used to indicate approval fdoulding, building| -
leiel, or building_section

5(2.2.1.12 building_design_date_assignment

Albuilding_design_date_assignmenis adate_assignmenfor a setyofbuilding_design_date_item
instances.

EKPRESS specification

ENTITY building_design_date_assignment
SUBTYPE OF (date_assignment);

items : SET[1:?] OF building_design_date.item;
EIND_ENTITY;

Altribute definitions

items: the versioned_action_¢eguest to which a date is assigned.

5(2.2.1.13 building:-design_organization_assignment

Albuilding_design-organization_assignmenis anorganization_assignmenfor a set ofouilding| -
design_organization_iteminstances.

EKPRESS\specification

ENTITY building_design_organization_assignment
SUBTYPE OF (organization_assignment);
items : SET[1:?] OF building_design_organization_item;
END_ENTITY;
(*

Attribute definitions

items: the buildings andbuilding_item_identification_assignmens to which an organization is
assigned.
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5.2.2.1.14 building_design_person_and_organization_assignment

A building_design_person_and_organization_assignmentis a person_and_organization_-
assignmentfor a set ofbuilding_design_person_and_organization_iteninstances.

EXPRESS specification

E ITITV _bhiolddin deoclon narcnn ~n d arcaaniza Haon acciounmanng
ABLELEL Llullulllu uuqlgll PeTSoTT_arTa UIUMIIII_MI.I\JII TASSTYTITTICTTC

SUBTYPE OF (person_and_organization_assignment);
items : SET[1:?] OF building_design_person_and_organization_item;
EIND_ENTITY;

Altribute definitions

items: the versioned_action_request to which a person and organizatiori.is“assigned.
5(2.2.1.15 building_design_person_assignment

A| building_design_person_assignmenis a person_assignmeéntfor a set of building_design_-
person_iteminstances.

EKPRESS specification

ENTITY building_design_person_assignment
SUBTYPE OF (person_assignment);

items : SET[1:?] OF building_design_person_item;
EIND_ENTITY;

Altribute definitions

items: thebuilding s, building jtem_identification_assignmens, andversioned_action_reques]to
which a person is assigned.

5(2.2.1.16 building_document_reference

A|building_document_referenceis a document_referencefor a set ofbuilding_document_itgm
instances:

EKPRESS specification

*

ENTITY building_document_reference
SUBTYPE OF (document_reference);
items : SET[1:?] OF building_document_item;
END_ENTITY;

(*
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items: the negative_componerg, positive_componens, building_element, fixture_equipment_-
elemens,service_elemergs,space_elemers,structure_enclosure_elemery, building_component_-
classification_groups, andproduct_categorys to which a document is assigned.

5

.2.2.1.17 building_element

a

E

A’Lbundmg_element IS aproduct_definition that is a physical part of a building or building S

d has a characteristic function.

KPRESS specification

*

E

NTITY building_element
SUBTYPE OF (product_definition);

WHERE

F

WR1: SIZEOF (QUERY (pdr <* USEDIN(SELF, 'BUILDING_ DESIGN)SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED PROBDUCT_DEFINITION’) |
('BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’
IN TYPEOF (pdr.relating_product_definition))

) = L
WR2: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) = 1;
WR3: SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN SCHEMA.'+
'PROPERTY_DBEFINITION.DEFINITION’) |
SIZEOF (QUERY (sa <* USEDIN(pd, 'BUILDING_DESIGN_SCHEMA.'+
'SHAPE>ASPECT.OF_SHAPE’)
((BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT’ IN TYPEOF (sa))
AND
(sa description = 'main component’))
) =
) = L
ND_ENTITY;

prmal propositions

W
de

W
as

W

R1: A building_element shall be the related product definition in exactly opeoduct .

pfinition_relationshipywhere the relating_product_definition isbailding_section

R2: A building.elementshall be assigned exactly one name ibudlding_item_identification| -

signment

R3: Asbuilding_elementshall have groduct_definition_shapethat is referenced by exactly

p(rsitive_componentwith a description of ‘main component’.

5.

2.2.1.18 building_element_assembly

stem

one

A building_element_assemblyis a product_definition that is a collection of building elements or
element assemblies that are assembled together into a larger object.
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EXPRESS specification

*

ENTITY building_element_assembly

SUBTYPE OF (product_definition);

WHERE

F

WR1: SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.’+
'PROPERTY_DEFINITION.DEFINITION) |
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’

IN TYPEOF (pd))) =

ISO 10303-225:1999(E)

WRZ2—SIZEOF (QUERY (acu < QUERY (pur < USEDIN—(SELF,
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_RELATIONSHIP." +
'RELATING_PRODUCT_DEFINITION’)
'BUILDING_DESIGN_SCHEMA.ASSEMBLY_COMPONENT_USAGE’ IN
TYPEOF (pdr)) |
SIZEOF (TYPEOF (acu.related product_definition) *
[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT_ASSEMBLY’)) = 1)) >= 1,

ND_ENTITY;

prmal propositions

b

5

A

E

WR1: A building_element_assemblyshall not have groduct_definition_shape

ilding_element_assembly

2.2.1.19 building_element group

KPRESS specificatian

*

E

WHERE

NTITY building_element_group
SUBTYRE\YOF (product_definition);

WRI»-SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEFINITION’)

WR2: A building_element_assemblyshall be ‘the relating_product_definition in at leagt one
assembly_component_usagehere the related‘product_definition idailding_element fixture| -
emuipment_elemenx service_element spaceelementstructure_enclosure_element or anot

her

building_element_groupistaproduct_definition that is a logical collection of building elements
ol element groups.

'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’

TN TYPEOF (pd) ) ) = U,

WR2: SIZEOF (QUERY (pdr <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.+
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’) |
SIZEOF (TYPEOF (pdr.related_product_definition) *
[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT_GROUP’]) = 1)) >= 1;
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END_ENTITY;
(*

Formal propositions

WRL1: A building_element_groupshall not have groduct_definition_shape

WR2: A building_element_groupshall be the relating_product_definition in at least pneduct_-
definition relationship where the related product definition is kaiilding element fixture -
eﬁuipment_elemenx service_element space_elementstructure_enclosure_element or another
building_element_group

5|2.2.1.20 building_item_identification_assignment

A| building_item_identification_assignmentis a name_assignmentfor a set{ofidentified_itegm
instances.

EXPRESS specification

ENTITY building_item_identification_assignment
SUBTYPE OF (name_assignment);

item : identified_item;

END_ENTITY;

Aftribute definitions

items: the building_elements, fixture_equipment_elemens, service_elemerg, space_elemes,
structure_enclosure_elemers, building*levels, building_sectiors, positive_componens, gnd
negative_componerg to which a nameé is assigned.

5|2.2.1.21 building_level

Albuilding_levelis aproduct_definition that defines a part of a building that consists of one qr more
afleas accessible through primarily horizontal access paths.

EXKPRESS spegification

*

)

ENTITY _building_level

SUBTYPE OF (product_definition);

HERE

WR1: SIZEOF (QUERY (pdr <* USEDIN (SELF

’BUILDING DESIGN SCHEMA +

'BUILDING_DESIGN SCHEMA BUILDING SECTION IN
TYPEOF (pdr.relating_product_definition))) = 1;

WR2: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM")) <= 1;

WR3: SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.+
'PROPERTY_DEFINITION.DEFINITION’) |
NOT (SIZEOF (QUERY (pdr <* USEDIN (pd, 'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) |
NOT (SIZEOF (TYPEOF (pdr.used_representation) *
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[BUILDING_DESIGN_SCHEMA. +
'ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA. +
'FACETED_SPACE_BOUNDARY_SHAPE_REPRESENTATION!,
'BUILDING_DESIGN_SCHEMA. +

’GROUND FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATION]) = 1))) = 0)))

END_| ENTITY
(*

Formal propositions

WR1: A building_level shall be the related_product_definition in exactly gmeducthdefinition| -
rglationship where the relating_product_definition isbailding_section

WR2: A building_level shall be assigned at most one name ibuilding_dtem_identification| -
agsignment

WR3: A building_level shall only be represented by amvanced’ space boundary shape -

rgpresentation elementary_space_boundary shape_representatiofaceted _space_boundaly -
shape_representationor ground_face_space_boundary_shape_representation

5|2.2.1.22 building_section

Albuilding_sectionis aproduct_definition that is alogical segment of a building. Logical segments
ofl a building are defined based on local coordinate systems for functional or definitional convenience.

EKPRESS specification

*

ENTITY building_section

SUBTYPE OF (product_definition);

WHERE

WR1: SIZEOF (QUERY ((pdr <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA.BUILDING’ IN
TYPEOF (pdr.relating_product_definition))) = 1;

WR2: SIZEOF (USEDIN (SELF, ’BUILDING_DESIGN_SCHEMA.’ +
’BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM’)) = 1;

WR3: SIZEOF(QUERY (pdr <* USEDIN (SELF,BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’) |
SIZEOF (TYPEOF (pdr.related_product_definition) *

[FBUILDING DESIGN_SCHEMA.BUILDING_LEVEL’,
‘BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT’
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,

'BUILDING_DESIGN_SCHEMA. STRUCTURE_ENCLOSURE_ELEMENT’]) =1) >=1

END_ENTITY;

(*

Formal propositions

WR1: A building_section shall participate in exactly onproduct_definition_relationship as the
related_product_definition where the relating_product_definition bsifding .
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WR2: A building_section shall be assigned exactly one name ibulding_item_identification_-
assignment

WR3: A building_section shall participate in at least or@roduct_definition_relationship as the
relating_product_definition where the related_product_definition shalbkhéding_level, building_-

element fixture_equipment_element service_elementspace_elementor structure_enclosure_-
element

5
A

E

n N 11 NN 1
227125 cthange
changeis anaction_assignmenthat assigns an action to &tentified_item or aresulting’ ite

KPRESS specification

A

NTITY change

SUBTYPE OF (action_assignment);

items : SET[1:?] OF building_design_change_item;
ND_ENTITY;

tribute definitions

itq
5

A
cl

E

ms: the identified_items andresulting_items to whichyan action request is assigned.

2.2.1.24 classification_table

classification_tableis a document_usage\ constrainthat specifies the contents of a tablg
hssification of building elements or cefmponents.

KPRESS specification

*

E

NTITY classification_table
SUBTYPE OF (documént_usage_constraint);

WHERE

WR1: SIZEOF (QUERY (bddr <* QUERY (dr <* USEDIN (SELF.source,
'BUILDING_DESIGN_SCHEMA.DOCUMENT_REFERENCE.ASSIGNED_DOCUMENT’)
'BUILDING-DESIGN_SCHEMA.BUILDING_DOCUMENT_REFERENCE’

IN TYREOF(dr)) |

NOTHSIZEOF (QUERY (item <* bddr.items |

NOT* (SIZEOF (TYPEOF (item) *
['BUILDING_DESIGN_SCHEMA.PRODUCT_CATEGORY’,
'BUILDING_DESIGN_SCHEMA.BUILDING_CLASSIFICATION_GROUP’]) = 1)

) =0) =0

M.

P as a

E

ND-ENTITY;

(*

Formal propositions

WR1: A classification_table shall reference a souraocument that is assigned to aroduct_-
category or building_component_classification_group
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5.2.2.1.25 elementary_csg_shape_representation

An elementary_csg_shape_representatiois a shape_representationthat is composed of CSG

primitives and boolean operators.

EXPRESS specification

*

ENFHY—elementary—esg—shape—representation
SUBTYPE OF (shape representation);
WHERE

WR1: SIZEOF (QUERY (item <* SELF.items |
NOT ((SIZEOF (I'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
’BUILDING DESIGN SCHEMAAXISZ PLACEMENT 3D,
'BUILDING_ DESIGN SCHEMA. MAPPED ITEMT] * TYPEOF (item))
(item.name = 'reference curve’)))) =

WR2: (SIZEOF (QUERY (item <* SELF. items |
SIZEOF (['BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_ AREA _ SOLID’
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID%
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM?] * “TYPEOF (item))
OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
it.hame = ’'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (item <* SELF.items |
(BUILDING_DESIGN_SCHEMA.CSG_SOLID’ INNSTYPEOF (item)) AND
(NOT (valid_elementary_csg_tree

(item\csg_solid.tree_root_expression))))) = 0;

WR4: SIZEOF (QUERY (mi <* QUERY (item '<* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPEDZITEM’ IN TYPEOF (item)) |
NOT (BUILDING DESIGN | SCHEMA. ELEMENTARY_CSG_SHAPE REPRESENTATIO
TYPEOF(mi\mapped_item.mapping_ source.mapped_representation)))) =

WR5: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) YAND
(NOT ((BUILDING_DESIGN.SCHEMA.POLYLINE’ IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND
('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (if\trimmed scurve.basis_curve))))))) = O;

EIND_ENTITY;

(*

1) OR

1) >= 1)

Formal propositions

cyrve..

WR1: Each itemof arelementary _csg_shape_representatiahall be either @sg_solid extruded
aflea_solidrevolved_area_soligdaxis2_placement_3dor mapped_itemor has a name of ‘referg

N’ IN

in B — » — —
mapped_item or between two and threepresentation_itens in the set of items shall have a
of ‘reference curve’.

WR2; "An elementary _csg_shape_representatioshall have at least oneepresentation_ite

name

WR3: An elementary_csg_shape_representatiaghall be comprised of the proper CSG tree elements.

WR4: For eachmapped_item in an elementary csg_shape_representatiorthe source of
mapped_itemshall be arelementary _csg_shape_representation

the
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WRS5: Each representation_item with the name of ‘reference curve’ in the set of items of an
elementary_csg_shape_representatiaghall be either golyline or atrimmed_curve with a basis_-
curve that is aircle.

5.2.2.1.26 elementary face_with_thickness_shape_representation

An elementary_face_with_thickness_shape_representatiéma solid model that is defined byface

w[th tinderlying geometry that iSs comprised of analytic surfaces bounded by quadriC Cury
lepgth that defines the thickness.

EKPRESS specification

*

ENTITY elementary face_with_thickness_shape_representation

WR3:
WRA4:

WRE:

WRE6:

WRY:

SUBTYPE OF (shape_representation, solid_model);
WHERE
WR1:
WR2:

SIZEOF (SELF.items) = 2;

SIZEOF (QUERY (item <* SELF.items |

(SIZEOF (['BUILDING_DESIGN_SCHEMA.MEASURE_RERRESENTATION_ITEM’,
'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE_WITH) "UNIT’] *

TYPEOF (item)) = 2) AND (item.name = 'thickness))) = 1,

SIZEOF (QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE: IN TYPEOF (item))) =
SIZEOF (QUERY (item <* SELF.items |

(NOT (BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF (item))) OR
('BUILDING_DESIGN_SCHEMA.ELEMENTARY _ SURFACE’ IN

TYPEOF (item\face_surface.face _geometry)))) =

SIZEOF (QUERY (item <* SELF.itemsyy
(BUILDING_DESIGN_SCHEMA.FACEYSURFACE’ IN TYPEOF (item)) AND
(NOT (SIZEOF (QUERY (elp_fbndsi<* QUERY (bnds <* item\face.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* élp_fbnds.bound\path.edge_list |

NOT ('BUILDING_DESIGN.SCHEMA.EDGE CURVE IN
TYPEOF(oe.edge_element)))) = 0))) = 0))) =

SIZEOF (QUERY (item-<* SELF.items |
(BUILDING_DESIGN_.SCHEMA.FACE_SURFACE’' IN TYPEOF (item)) AND
(NOT (SIZEOF (QUERY (elp_fobnds <* QUERY (bnds <* item\face.bounds |
'BUILDING_DESIGN”SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF~QUERY (oe <* elp_fbnds.bound\path.edge_list |

NOT (SIZE@E(['BUILDING_DESIGN_SCHEMA.LINE’,

'BUILDING "DESIGN SCHEMA CONIC,

'BUILDINGZDESIGN_SCHEMA. POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] *

TYREOF (oe.edge_element\edge_curve.edge geometry)) = 1)))

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

SIZEOF (QUERY (item <* SELF.items |
('BUILDING_DESIGN_SCHEMA.FACE_SURFACE’' IN TYPEOF (item)) AND
(NOT (SIZEOF (QUERY (vip_fbnds <* QUERY (bnds <* item\face.bounds |
'BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’ IN TYPEOF (bnds.bound)) |

es with a

NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT" IN
TYPEOF(vip_fbnds\face_bound.bound\vertex_loop.loop_vertex)) AND
('BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’ IN
TYPEOF(vip_fbnds\face_bound.bound\vertex Ioop
loop_vertex\vertex_point.vertex_geometry))))) = 0)))) =

END_ENTITY;

(*

180


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

©ISO

Formal propositions

ISO 10303-225:1999(E)

WR1: An elementary face with_thickness shape_representatioshall contain exactly two

re

presentation_itens in its set of items.

WR2: Exactly onerepresentation_itemin the set of items of arlementary face_with_thickness_-
shape_representationshall be ameasure_representation_itemand alength_measure_with_unit

with a name of ‘thickness’.
WR3: Exactly onerepresentation_itemin the set of items of arlementary _face_with_thicknes
shape_representatiorshall be aface_surface
WRA4: If the representation_itemin the set of items of anlementary_face_with_thiekness_sha
rgpresentationis aface_surface the face_geometry shall be atementary_surface
WRS5: If the representation_itemin the set of items of anlementary_face with_thickness_sha
rgpresentationis aface_surface theedges used to define the boundaries shall all be of tggge
cyrve.
WR6: If the representation_itemin the set of items of anlementary” face_with_thickness_sha
rgpresentationis aface_surface each curve used to define(the face bounds shall be eitben|
aline, apolyline, or ab_spline_curve
WR7: If the representation_itemin the set of items of:aalementary_face_with_thickness_sha
rgpresentation is a face_surface any vertex_loop.used to define a face bound shall referg
vertex_point with the geometry defined by eartesian_point
5[2.2.1.27 elementary_geometfic_shape_representation
An elementary_geometric_shape~representatiois a boundary representation solid modeaps
representation that consists of simple quadric curves and surface elements.
EKPRESS specification
ENTITY elementary_geometric_shape_representation
SUBTYPE OFR~(shape_representation);
WHERE
WR1: SIZEOF (QUERY (item <* SELF.items |
NOT" ((SIZEOF (['BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
'‘BUILDING_DESIGN_SCHEMA.FACETED_BREFP’,
‘BUILDING_DESIGN_SCHEMA.MAPPED _ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D7] *
TYPEOE (ifem)) = T) OR

17
1

(item.name = 'reference curve’)))) = 0;

WR2: (SIZEOF (QUERY (item <* SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED _ITEM’] * TYPEOF (item)) '=1 ) >= 1)
OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
itthame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*
msb_shells (msb) |
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WRA4:

WRS:

NOT (SIZEOF (QUERY (fcs <* csh.cfs_faces |

NOT (BUILDING DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF (fcs)))) =
) _=0)) = 0;

SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*

msb_shells (msb) |

NOT (SIZEOF (QUERY (fcs <* csh\connected_face_set.cfs_faces |

NOT ((BUILDING_DESIGN_SCHEMA.ELEMENTARY_ SURFACE’ IN

TYPEOF (fcs\face_surface.face_geometry))))) = 0))) = 0))) =

SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |

WRE6:

WRT7:

WRES:

'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*
msb_shells (msb)
NOT (SIZEOF (QUERY (fcs <* csh\connected_face_set.cfs_faces |
NOT (SIZEOF (QUERY (elp_fonds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound))(]
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT ('BUILDING_DESIGN_SCHEMA.EDGE_CURVE’ IN
TYPEOF (oe.edge_element)))) = 0))) = 0))) = 0))) = 0)) =
SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*
msb_shells (msb)
NOT (SIZEOF (QUERY (fcs <* csh\connected_face_setcfs_faces |
NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bndss/<* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT (SIZEOF ([BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC’,
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE<CURVE'] *
TYPEOF (oe.edge_ element\edge curve:edge_geometry)) = 1)))

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

SIZEOF (QUERY (msb <* QUERY (tem <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (cshi<*

msb_shells (msb)

NOT (SIZEOF (QUERY((fes <* csh\connected_face_set.cfs_faces |

NOT (SIZEOF (QUERY “(elp_fonds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_ ‘SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT((BUILDING PESIGN_SCHEMA.VERTEX_POINT’

IN TYPEOF ,(o€e-edge_start))

AND ('‘BUIELDING_DESIGN_SCHEMA.VERTEX_POINT’

IN TYPEOF (oe edge end)))))

=) =0) =0) =0) =0 |

SIZEOFE/ (QUERY (msb <* QUERY (item <* SELF.items |
'BUIEDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*

msb_shells (msb)

NOT (SIZEOF (QUERY (fcs <* csh\connected_face_set.cfs_faces |

NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fcs.bounds |
'BUILDING _DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |

WRO:

WR10:

182

'BUILDING_DESIGN_SCHEMA.ORIENTED_PATH’

IN TYPEOF (elp_fbnds.bound)))

=0)) =0) =0)) =0 , ,

SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF(item)) |
'BUILDING_DESIGN_SCHEMA.ORIENTED_CLOSED_SHELL' IN TYPEOF
(msb\manifold_solid_brep.outer))) = 0;

SIZEOF (QUERY (brv <* QUERY (ltem <* SELF.items |
'BUILDING_DESIGN_SCHEMA.BREP_WITH_VOIDS’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <* brv\brep_with_voids.voids |
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csh\oriented_closed_shell.orientation)) = 0))) = O;

WR11: SIZEOF (QUERY (mi <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM' IN TYPEOF (item)) |
NOT (BUILDING_DESIGN_SCHEMA. +
'ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION’
IN TYPEOF (mi\mapped_item.mapping_source.
mapped_representation)))) = 0;

WR12: SIZEOF (QUERY (msb <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*
msb_shells (msb) |

F

NOT (SIZEOF (QUERY (fcs <* csh\connected_face_set.cfs_faces |

NOT (SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’ IN TYPEOF (bnds.bound)) |
NOT(( BUILDING_DESIGN_SCHEMA.VERTEX_POINT’ IN

TYPEOF (vlp_fbnds\face_bound.bound\vertex_loop.loop_vertex)) AND
('BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’ IN

TYPEOF (vlp_fbnds\face_bound.bound\vertex_loop.
loop_vertex\vertex_point.vertex_geometry))

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

VR13: SIZEOF (QUERY (it <* SELF.items |

(it.name = 'reference curve’) AND

(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE’ IN TYPEOF~(it)) OR
((BUILDING_DESIGN_SCHEMA_TRIMMED_ CURVE’ IN TYREOF (it)) AND
('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN

TYPEOF (it\trimmed_curve.basis_curve))))))) =

ND_ENTITY;

prmal propositions

W

of

W

W

W
al

am elementary - surface

R1: Each item of arelementary _geometric_shape_representatioghall be ananifold_solid_brg
apped_item or axis2_placement_3cdr has.@name of ‘reference curve’.

be of typemanifold_solid_brep.
R2: At least onerepresentation- itemin the set of items shall beraanifold_solid_brep entity
mapped_item or betweentwo and threepresentation_iterns in the set of items shall have a
‘reference curve’.
R3: All faces used’in constructing manifold_solid_brep shall be of typeface surface
R4: For eacfmanifold_solid_brepin the set of items the associated surface for dachshall

R5; For eactmanifold_solid_brepin the set of items thedges used to define the boundarieg
be of typeedge_curve

P

NOTE 1 - The use ofaceted_brepis excluded by this rule since an instancdafeted_brepwould aflso

or
name

be

shall

WR6: For eachmanifold_solid_brep in the set of items each curve used to define the face bounds
shall be either &onic, aline, apolyline, or ab_spline_curve

WRY7: For eachmanifold_solid_brepin the set of items thedges used to define the boundaries shall

al

| be trimmed by vertices of typeertex_point.
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WRS8: For eachmanifold_solid_brep in the set of items ndoop used to define a face bound shall
be of the oriented subtype.

WR9: For eachmanifold_solid_brepin the set of items theuter_shellshall not be of the oriented
subtype.

WR10: If a brep_with_voids is included in the set of items then each shell in the voids set shall be

anoriented_closed_shellith orientation value FALSE.

miapping_source shall be atementary_geometric_shape_representation

NOTE 2 - If acartesian_transformation_operator_3dis included as the mapping_target/of thappe:ﬂ_—
item with anaxis2_placement_3dhat corresponds to the original coordinate system as the mappi

of the representation_mapthen the resultingnapped_itemis a transformed copy)of thelementary_-
geometric_shape_representationThe precise definition of the transformation, including tranglation,
rotation, scaling and, if appropriate, mirroring, is given by the transformation operator.

WR12: For eachmanifold_solid_brep in the set of items anyertex.loop used to define a face
bound shall reference ertex_point with the geometry defined By @artesian_point

WR13: Eachrepresentation_item with the name of ‘reférence curve’ in the set of items|of an

elementary_geometric_shape_representatioshall be either golyline or atrimmed_curve with
a|basis_curve that is arcle.

5(2.2.1.28 elementary_space_boundary shape_ representation
An elementary_space_boundary_shapecrepresentatios a shape_representatiorthat represents
elementaryclosed_shes.

EKPRESS specification

*

ENTITY elementary_space boundary shape_representation

SUBTYPE OF(shape _representation);

WHERE

WR1: SIZEOF (QUERY (item <* SELF.items |
NOT <{((SIZEOF ('BUILDING_DESIGN_SCHEMA.CLOSED_SHELL"’,
'BUILDING_DESIGN_SCHEMA.MAPPED _ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_ PCACEMENT 3D
**TYPEOF (|tem)) 1) OR
(tem.name = ’'reference curve’)))) = 0O;

WR2: (SIZEOF (QUERY (item <* SELF.items |

SI17ZENE ([ Dl ||| nll\lf" r\EQlf-‘f\l Qr‘LIEl\IlI\ f"l OSED
T Ot [ oo i ivirToooot
*

BUILDING_DESIGN_SCHEMA MAPPED_ITEM ]
OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
itthame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (mi <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM' IN TYPEOF (item)) |
NOT (BUILDING_DESIGN_SCHEMA. +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =

WR4: SIZEOF (QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |

oLl
=

TYPEOF (item)) = 1)) = 1)
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NOT (SIZEOF (QUERY (fcs <* csh\closed_shell.cfs_faces |
NOT ('BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF (fcs)))) = 0)))
0;
WRS5: SIZEOF (QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* cshi\closed_shell.cfs_faces |
NOT ('BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (fcs\face_surface.face_geometry)))) = 0))) = 0;
WR6: SIZEOF (QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\closed_shell.cfs_faces |
NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge_list |
NOT ('BUILDING_DESIGN_SCHEMA.EDGE_CURVE’ IN
TYPEOF (oe.edge_element)))) = 0))) = 0))) = 0))) =
WR7: SIZEOF (QUERY (csh <* QUERY (item <* SELF. |tems |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\closed_shell.cfs_faces |
NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fcs.bounds’ |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds'bound)) |
NOT (SIZEOF (QUERY (oe <* elp_fbnds.bound\path.edge list™
NOT (SIZEOF ('BUILDING_DESIGN_SCHEMA. LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC',
’BUILDING_DESIGN_SCHEMA POLYLINE',
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] *
TYPEOF (oe. edge element\edge curve.edge_geometry)) = 1))
=0)) = Q) =0)) = 0 | _
WRS8: SIZEOF (QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHEEL” IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\closed Ghell.cfs_faces |
NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LQOP’ IN TYPEOF (bnds.bound)) |
NOT (SIZEOF (QUERY (oe <* elp-.fbnds.bound\path.edge_list |
NOT((BUILDING_DESIGN_SCHEMA\WERTEX_POINT’
IN TYPEOF (oe.edge_start))

AND ('BUILDING_DESIGN_SCHEMA.VERTEX_POINT’
IN TYPEOF (oe. edge end)))))

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

WR9: SIZEOF (QUERY (csh <**QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\connected_face set.cfs_faces |
NOT (SIZEOF (QUERY (elp_fbnds <* QUERY (bnds <* fcs.bounds |
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF (bnds.bound)) |
'BUILDING_DPESIGN_SCHEMA.ORIENTED_PATH’ IN TYPEOF (elp_fbnds.bound)))
= 0))) = OP)-= 0;

VR10: SIZEOE-(QUERY (csh <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT.(SIZEOF (QUERY (fcs <* csh\closed_shell.cfs_faces |
NOTY (SIZEOF (QUERY (vlp_fbnds <* QUERY (bnds <* fcs.bounds |
'‘BUILDING_DESIGN_SCHEMA.VERTEX LOOP’ IN TYPEOF (bnds.bound)) |
NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT’ IN
TYPEOF (vlp_fbnds\face_bound.bound\vertex_loop.loop_vertex)) AND
(BUILDING DESIGN_SCHEMA.CARTESIAN POINT’ IN
TYPEOF (vip_fbnds\tace_bound.bound\vertex_loop.

Ioop vertex\vertex_point.vertex_geometry))
))_=0)) = 0))) = 0;
WR11: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND
(BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (if\trimmed_curve.basis_curve))))))) = O;
END_ENTITY;
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Formal propositions

WR1: Each item of arelementary_space_boundary_shape_representatiahall be aclosed_shell
mapped_item or axis2_placement_3dr has a name of ‘reference curve’.

WR2: Exactly one of the items of aelementary_space_boundary_shape_representatiahall be
aclosed _shellor malnlnpd item_or between two and Thrmnlnrpcpnmfinn itens in the set of items

shall have a name of ‘reference curve’.

WR3: For eactmapped_itemin anelementary_space_boundary_shape_representatigifie soyrce
off the mapped_itemshall be arelementary_space_boundary_shape_representation

WR4: All faces used in constructing tridosed_shel in anelementary_space(boundary_shape_-
representation shall be of typeface_surface

WR5: For eachclosed_shellin the set of items of arelementary.space_boundary_shape -
representation the associated surface for edelce_surfaceshall be arelementary_surface

WR6: For eachclosed_shellin the set of items of arelementary space_boundary _shape -
rgpresentation the edges used to define the boundaries_shall all be of tgdge_curve

WR7: For eachclosed_shellin the set of items .of*arelementary_space_boundary_shape_ -
rgpresentation each curve used to define the face*bounds shall be eithenia, line, polyline, |or
b[spline_curve

WRS8: For eachclosed_shellin the setc-of items of arelementary_space_boundary _shape -
representation the edges used to define“the boundaries shall all be trimmed by vertices|of type
vertex_point.

WR9: For eachclosed_shellin the set of items of arelementary_space_boundary_shape_ -
rgpresentation no loop used to define a face bound shall be of the oriented subtype.

WR10: For eachclosed shellin the set of items of arelementary_space_boundary_shape_-
representation anyvertex_loop used to define a face bound shall referensedex_point with the
geometry definedyby aartesian_point

WR11: Eachirepresentation_item with the name of ‘reference curve’ in the set of items|of an
elementary” space_boundary_shape_representatiahall be either golyline or atrimmed_curye
w(th & basis_curve that is@rcle.

5.2.2.1.29 elementary_wire_shape_representation

An elementary_wire_shape_representationis a shape that is defined by a single quadric curve or
a composite_curvethat is comprised of simple quadric curves.
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EXPRESS specification

*

ENTITY elementary wire_shape_representation
SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <* SELF.items |
NOT ((SIZEOF (I'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGN_SCHEMA.ELLIPSE’,
BUILDING DESIGN_SCHEMA. TRIMMED CURVE;
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN SCHEMAAXISZ PLACEMENT 3D’
* TYPEOF (|tem)) 1) OR
(tem.name = ’'reference curve’)))) = 0;

WR2: (SIZEOF (QUERY (tem <* SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGN_SCHEMA .ELLIPSE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM] * TYPEOF (ifem)) = 1)) = 1)
OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
ithame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (item <* SELF.items |
(SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE, CURVE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE] TYPEOF (|tem)) 1) AND
(NOT (valid_elementary_wire_composition (item)))))) =

WR4: SIZEOF (QUERY (mi <* QUERY (item <* SELFE. |tems |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM"IN TYPEOF (item)) |
NOT ('BUILDING_DESIGN_SCHEMA. +
'ELEMENTARY_WIRE_SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =

WRS: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA*TRIMMED_CURVE’ IN TYPEOF (it)) AND
(BUILDING _ ‘DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) =

END_ENTITY;

Formal propositions

WR1: Each item of.a&relementary_wire_shape_representatioshall be acomposite_curve circle,
ellipse trimmed_curve, mapped_item or axis2_placement_3dr has a name of ‘reference ciirve’.

WR2: Exacthrone of the items of aglementary_wire_shape_representatioshall be a&composit¢_-
cyrve, citele, ellipse trimmed_curve, or mapped_item or between two and three
represéntation_itenrs in the set of items shall have a name of ‘reference curve’.

reference valid elementary curves.

WR4: For eachmapped_item in an elementary_wire_shape_representationthe source of the
mapped_itemshall be arelementary_wire_shape_representatian
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WRS5: Each representation_item with the name of ‘reference curve’ in the set of items of an

elementary_wire_shape_representatioghall be either @olyline or atrimmed_curve with a basis_-
curve that is aircle.

5.2.2.1.30 faceted _csg_shape_representation

A faceted_csg_shape_representatios a shape_representationthat consists of boolean operators
and CSG primitives that are composed of planar and linear elements.

EKPRESS specification

*

ENTITY faceted_csg_shape_representation

SUBTYPE OF(shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <* SELF.items |
NOT ((SIZEOF (BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM'] *
TYPEOF (item)) = 1) OR
(item.name = 'reference curve?)))) = O;

WR2: (SIZEOF (QUERY (item <* SELF.items |
NOT (SIZEOF (['BUILDING_DESIGN_SCHEMA.CSG~SOLID’,
'BUILDING_DESIGN SCHEMA MAPPED ITEM] *
TYPEOF (item)) = 1))) >=
OR ({2 <= SIZEOF (QUERY (it <* SELF.items)|
itthame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (item <* SELF.items |
(BUILDING_DESIGN_SCHEMA.CSG_SQLID’ IN TYPEOF (item)) AND
(NOT (valid_faceted_csg_tree
(item\csg_solid.tree_root_expression))))) = 0;

WR4: SIZEOF (QUERY (mi <* QUERY- (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT (BUILDING_DESIGN_SGHEMA.FACETED _CSG_SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) = 0;

WRS5: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference (curve’) AND
(NOT ((BUILDING DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA _TRIMMED_CURVE’ IN TYPEOF (it)) AND
(BUILDING _ ‘DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) =

END_ENTITY;

Formal propesitions

WR1: Each item of daceted_csg_shape_representatisghall be acsg_solid axis2_placement_|3d
ol mapped_itemor has a name of ‘reference curve'.

WR2: A faceted_csg_shape_representatighall have at least ormepresentation_iteminstance in
its set of items that is of typecsg_solid or mapped_item or between two and three
representation_iterns in the set of items shall have a name of ‘reference curve’.

WR3: A faceted_csg_shape_representatioshall be comprised of the proper CSG tree elements.

WRA4: For eachmapped_itemin afaceted_csg_shape_representatipthe source of thenapped_-
item shall be afaceted_csg_shape_representation
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WRS5: Each representation_item with the name of ‘reference curve’ in the set of items of a
faceted_csg_shape_representatiaghall be either @olyline or atrimmed_curve with a basis_curve
that is acircle.

5.2.2.1.31 faceted face with_thickness_shape representation
A faceted_face_with_thickness_shape_representati@ma solid model that is defined byface that

has apoly_loop defining it's topology and a length defining the thickness. If thee has underlying
g¢ometry, that geometry shall be defined bglane.

EKPRESS specification

*

ENTITY faceted_face with_thickness_shape_representation
SUBTYPE OF (shape_representation, solid_model);
WHERE
WR1: SIZEOF (SELF.items) = 2;
WR2: SIZEOF (QUERY (item <* SELF.items |
(SIZEOF (['BUILDING_DESIGN_SCHEMA.MEASURE_REPRESENTATION_ITEM’,
'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE_WITH_UNIT] *
TYPEOF (item)) = 2) AND (item.name = 'thickness’))) &1,
WR3: SIZEOF (QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.FACE’ IN TYPEOF {(item))) =
WR4: SIZEOF (QUERY (item <* SELF.items |
(BUILDING_DESIGN_SCHEMA.FACE’ IN TYPEQOF (item)) AND
(NOT (SIZEOF (QUERY (bnds <* item\face.bounds |
NOT (BUILDING DESIGN_SCHEMA.POLY (:OOP’ IN TYPEOF (bnds.bound))))
0)) = 0;
WRS5: SIZEOF (QUERY (item <* SELF.items.|
(NOT (BUILDING_DESIGN_SCHEMA;FACE_SURFACE’' IN TYPEOF (item))) OR
(BUILDING_DESIGN_SCHEMA.PLANE’ IN
TYPEOF (item\face_surface.face _geometry)))) = O;
EIND_ENTITY;

Formal propositions

WR1: A faceted face- with_thickness_shape_representationshall contain exactly [two
representation_itens ip-its set of items.

WR2: Exactly ongfepresentation_itemin the set of items of faceted_face_with_thickness_shape -
representation-shall be ameasure_representation_itemand alength_measure_with_unitwith a
name of ‘thickness’.

R3: Exactly onerepresentation_itemin the set of items of faceted_face_with_thickness_shape_-
rgpresentation shall be aface

WRA4: If the representation_itemin the set of items of daceted face with_thickness_shape_-
representationis aface the boundary shall be defined bypaly loop.

WRS5: If the representation_itemin the set of items of daceted_face with_thickness_shape_-
representationis aface_surface the underlying geometry shall be defined byplane.
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5.2.2.1.32 faceted_geometric_shape representation

©ISO

A faceted_geometric_shape_representatioils a shape_representationthat consists of linear and
planar geometric elements.

EXPRESS specification

*

E ITITN fonntnd ~anamantria chhona vaneacAntat: oR

AN I |

WHERE
WR1:

WR2:

WR3:

WR4:

WRS:

WRE6:

TACCTCU— YT OTMICTtC ollupu IO PTC STTTTTtroTT

SUBTYPE OF(shape_representation);

SIZEOF (QUERY (item <* SELF.items |

NOT ((SIZEOF ('BUILDING_DESIGN_SCHEMA.FACETED_BREP’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM'] *

TYPEOF (item)) = 1) OR

(item.name = 'reference curve?)))) = O;

(SIZEOF (QUERY (item <* SELF.items |

SIZEOF (['BUILDING_DESIGN_SCHEMA.FACETED_BREP’,

'BUILDING _DESIGN_SCHEMA.MAPPED  ITEM] *

TYPEOF (item)) = 1)) >= 1)

OR ({2 <= SIZEOF (QUERY (it <* SELF.items |

itthame = 'reference curve’)) <= 3});

SIZEOF (QUERY (msb <* QUERY (item <* SELF.ifems |
'BUILDING_DESIGN_SCHEMA.FACETED_BREP’ INNTYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <*

msb_shells (msb) |

NOT (SIZEOF (QUERY (fcs <* csh\connected face set.cfs faces |

NOT (SIZEOF (QUERY (bnds <* fcs.bounds' |

NOT (BUILDING DESIGN SCHEMA.PQLY: LOOP’ IN TYPEOF (bnds.bound))))
=0)) =0)) =0)) =

SIZEOF (QUERY (msb <* QUERY \(item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.FACETED BREP’ IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (csh <

msb_shells (msb)

NOT (SIZEOF (QUERY (fesi<* csh.cfs_faces |
('BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF (fcs)) AND
(NOT (BUILDING_DESIGN_SCHEMA.PLANE’ IN

TYPEOF (fcs\face_surface.face_geometry))))) = 0))) = 0))) = O;

SIZEOF (QUERY_{(mi" <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT (BUILDING: DESIGN_SCHEMA.FACETED _GEOMETRIC_SHAPE_REPRESENTA
IN TYPEOFC{mi\mapped_item.mapping_source.mapped_representation))))
= 0,

SIZEOE (QUERY (it <* SELF.items |

(it.name-= ’reference curve’) AND

(NOT ((BUILDING DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
(‘BUILDING_DESIGN SCHEMA TRIMMED_CURVE' IN TYPEOF (it)) AND
(BUILDING_DESIGN_SCHEMA.CIRCLE’ IN

TYPEOF (it\trimmed_curve.basis_curve))))))) =

END-ENTITY;

(*

Formal propositions

TION’

WRL1: Each item of daceted_geometric_shape_representatishall be aaceted_brep mapped_-
item, or axis2_placement_3dr has a name of ‘reference curve’.
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WR2: At least one of the items of faceted_geometric_shape_representatiogshall afaceted_brep
or mapped_item or between two and threepresentation_itens in the set of items shall have a

name of ‘reference curve’.

WR3: For eachfaceted_brepin the set of items of daceted_geometric_shape_representatiom

poly_loop shall be used to define a face bound.

WR4 For eachfaceted brepln the set of items of éaceted geometrlc shape_representatioiif

R5: For eachmapped_item in a faceted _geometric_shape_representatiorthe source of
miapped_itemshall be afaceted _geometric_shape_representation

R6: Each representation_item with the name of ‘reference curve’ in the-séet of itemg

eted_geometric_shape_representatioghall be either golyline or a trimmed_curve with
basis_curve that is aircle.

5/2.2.1.33 faceted_space_boundary shape_representation

Al faceted_space_boundary_shape_representatios a shapeirepresentationthat represents
shape of a space in a building. This shape or aspect of\shape shall be represented u
clpsed_she®.

EKPRESS specification

*

ENTITY faceted_space_boundary_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY (item <* SELF.items |
NOT ((SIZEOF ('BUILDING-DESIGN_SCHEMA.CLOSED_SHELL"’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_ PCACEMENT _3D7]
* TYPEOF (item)) ,==1) OR
(item.name = 'reference curve’)))) = O;

WR2: (SIZEOF (QUERY.(item <* SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING.DESIGN_SCHEMA.MAPPED_ITEM] * TYPEOF (item)) = 1)) = 1)
OR ({2 <=ySIZEOF (QUERY (it <* SELF items |
it.name< =) ‘reference curve’)) <=

WR3: SIZEOF (QUERY (csh <* QUERY (|tem <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* csh\connected face_set.cfs_faces |
NOT (SIZEOF (QUERY (bnds <* fcs.bounds |
NOT ('BUILDING_DESIGN_SCHEMA.POLY_LOOP’ IN TYPEOF (bnds.bound))))

the

of a

the
5ing faceted

= 0) = 0)) =

A4 H FOR N BT el o RN

ya % Y 1
VVIN&. QILI:UI_ \\{UEF\ I \IIII YULNRT \ILUIII OI:LI_ ILCIIID |

'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT ('BUILDING_DESIGN_SCHEMA. +
'FACETED_SPACE BOUNDARY SHAPE_REPRESENTATION’ IN
TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =
WR5: SIZEOF (QUERY (it <* SELF.items |
(it.name = 'reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE’ IN TYPEOF (it)) OR
((BUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND
('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) = 0;
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END_ENTITY;
(*

Formal propositions

WR1: Each item of afaceted_space_boundary_shape_representatioghall be aclosed_shell

mapped_item or axis2_placement_3dr has a name of ‘reference curve’.

WR2: Exactly one of the items of #aceted space boundary shape representatighall be a

clpsed_shellor mapped_item or between two and threepresentation_itens in the set of(itg
shall have a name of ‘reference curve’.

R3: For eacltlosed_shelln the set of items of éaceted_space_boundary_shape €presents
apoly_loop shall be used to define a face bound.

R4: For eachmapped_itemin a faceted_space_boundary_shape_representatiotihhe sourcs
thie mapped_itemshall be afaceted_space_boundary_shape_representation

R5: Each representation_item with the name of ‘reference curve’ in the set of itemg

faceted_geometric_shape_representatioshall be either golyline or a trimmed_curve with
basis_curve that is @ircle.

5|2.2.1.34 faceted wire_shape_representation

Al faceted wire_shape_representationis a shapeithat is defined by a single quadric cun|
composite_curvethat is comprised of simple quadric curves.

EXPRESS specification

*

ENTITY faceted_wire_shape_representation

SUBTYPE OF (shape_representation);

WHERE

WR1: SIZEOF (QUERY ((item <* SELF.items |
NOT ((SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DES|GN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING-DESIGN_SCHEMA.AXIS2_ PCACEMENT _3D7]
* TYPEOF (|tem)) 1) OR
(temzname = ’'reference curve’)))) = 0;

WR2: (SIZEOF (QUERY (item <* SELF.items |
SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
‘BUILDING_DESIGN SCHEMA POLYLINE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED CURVE’

EMsS

\tion

b Of

of a

e or a

'BUIL DING DESIGN SCHEMA MAPPED ITEM'] * TYPEQF (item)) = 1)) = 1)

OR ({2 <= SIZEOF (QUERY (it <* SELF.items |
it.hame = 'reference curve’)) <= 3});

WR3: SIZEOF (QUERY (item <* SELF.items |
(SIZEOF ('BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED CURVE] * TYPEOF (|tem)) 1) AND
(NOT (valid_faceted_wire_composition (item))))) = 0;

WR4: SIZEOF (QUERY (mi <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF (item)) |
NOT ('BUILDING_DESIGN_SCHEMA. +
FACETED_WIRE_SHAPE_REPRESENTATION’ IN
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TYPEOF (mi\mapped_item.mapping_source.mapped_representation)))) =
WR5: SIZEOF (QUERY (it <* SELF.items |

(it.name = 'reference curve’) AND
(NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF (it)) OR
(CBUILDING_DESIGN_SCHEMA_TRIMMED_CURVE’ IN TYPEOF (it)) AND
(BUILDING_DESIGN_SCHEMA.CIRCLE’ IN
TYPEOF (it\trimmed_curve.basis_curve))))))) =

END_ENTITY;

(*

Aol Ay A e

-
P pPTOpPUSTauUTIS

WR1: Each item of afaceted_wire_shape_representatioshall be acomposite_curve,palyline,
trimmed_curve, mapped_item or axis2_placement_3dr has a name of ‘reference/curve’.

WR2: Exactly one of the items of afaceted_wire_shape_representatioshall e ‘acomposite¢_-
cyrve, polyline, timmed_curve, or mapped_item or between two and threepresentation_iteps
in[the set of items shall have a name of ‘reference curve’.

WR3: If a representation_itemin the set of items is &#&immed_curveCercomposite_curveit shall
rgference valid curves.

WR4: For eachmapped_itemin anfaceted_wire_shape_representatiqrihe source of thenapped_-
item shall be arfaceted_wire_shape_representatian

WRS5: Each representation_item with the name of,‘reference curve’ in the set of itemg of a
f

Teted_geometric_shape_representatioehalI be either golyline or a trimmed_curve with[ a
basis_curve that is aircle.

5(2.2.1.35 fixture_equipment_eglement

Alfixture_equipment_elementis aproduct_definition that defines a solid, tangible part of a bujlding
thiat is placed or installed in the building.

EKPRESS specification

*

ENTITY fixture_equipment_element

SUBTYPE OFR~(product_definition);

WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN(SELF, 'BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’) |
'‘BUILDING_DESIGN_SCHEMA .BUILDING SECTION IN
TYPEOF (pdr.relating_product_definition))) =

WR2: SIZEOF (USEDIN (SELF, 'BUILDING DESIGN SCHEMA." +
'BUILDING _ITEM_IDENTIFICATION ASSIGNMENT.ITEM’ ) = 1;

WR3: SIZEOF (QUERY (pds <* QUERY (pd <* USEDIN (SELF
'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION.DEFINITION") |
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEOF (pd)) |
SIZEOF (QUERY (sa <* USEDIN (pds, 'BUILDING_DESIGN_SCHEMA." +
'SHAPE_ASPECT.OF_SHAPE’)
(BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT’ IN TYPEOF (sa))
AND
(sa.description = 'main component’))) = 1)) = 1;

END_ENTITY;
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Formal propositions

WRL1: A fixture_equipment_elementshall be the related_product_definition in exactly pneduct_-
definition_relationship where the relating_product_definition isbailding_section

WR2: A fixture_equipment_elementshall be assigned exactly one name irbulding_item_-
identification_assignment

WR3: A fixture_equipment_elementshall have groduct_definition_shapethat is referenced by
exactly onepositive_componentwith a description of ‘main component’.

5(2.2.1.36 ground_face space_boundary_shape representation
A|ground_face_space_boundary_shape_representatias a solid model that is defined byface
w(th a poly_loop defining its topology and with a length that defines-the thickness. Iffaloe Has

umderlying geometry, the geometry shall be defined Ipjame.

EKPRESS specification

*

ENTITY ground_face_space_boundary_shape_representation

SUBTYPE OF (shape_representation, solid_model);

WHERE

WR1: SIZEOF (SELF.items) = 1;

WR2: SIZEOF (QUERY (item <* SELF.itemsty
'BUILDING_DESIGN_SCHEMA.FACEYUN TYPEOF (item))) = 1;

WR3: SIZEOF (QUERY (item <* SELF.items |
NOT (SIZEOF (QUERY (bnds <*)item\face.bounds |
NOT ('BUILDING_DESIGN_SEHEMA.POLY_LOOP’ IN TYPEOF (bnds.bound))))
= 0)) = 0

WR4: SIZEOF (QUERY (item <*,SELF.items |
(NOT (BUILDING_DESIGN_SCHEMA.FACE_SURFACE’' IN TYPEOF (item))) OR
(BUILDING_DESIGN.SCHEMA.PLANE’ IN
TYPEOF (item\face surface.face_geometry)))) = O;

EIND_ENTITY;

Formal propositiofis

WR1: A ground_face_space_boundary_shape representatiorshall contain exactly |one
regpresentation_itemin its set of items.

WR2Z:\The representation_itemin the set of items of ajround_face space_boundary_shape -
r prpcpnmfinn shall he aface

WR3: Thefacein the set of items of ground_face_space_boundary_shape_representatiahall
have a boundary defined bypoly loop.

WRA4: If the facein the set of items of ground_face space boundary_shape_representatios
a face_surface the underlying geometry shall be defined bplane.
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5.2.2.1.37 negative_component

A negative_components a shape_aspecthat represents a volume of space that is removed from
some shape.

EXAMPLE 36 - A door opening is aegative_componenf a wall.

EXPRESS specification

*

ENTITY negative_component

SUBTYPE OF (shape_aspect);

WHERE

WR1: (SIZEOF (USEDIN (SELF, 'BUILDING DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEFINITIONY)) >= 1)
AND
(SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEFINITION")
NOT (SIZEOF (USEDIN (pd, 'BUILDING_DESIGN_SCHEMA.#
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION))->= 1))) = 0);

WR2: SIZEOF (TYPEOF (SELF.of_shape.definition) *
[[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT,
'BUILDING_DESIGN_SCHEMA. FIXTURE_EQUIPMENT_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’]) =

WR3: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN:SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) = 1;

WR4: SIZEOF (QUERY (pd <* USEDIN (SELF, (BUILDING_DESIGN_SCHEMA.+
'PROPERTY_DEFINITION.DEFINITION’) |
NOT (SIZEOF (QUERY (pdr <* USEDIN(pd, 'BUILDING_DESIGN_SCHEMA.'+
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) |
NOT (SIZEOF (TYPEOF (pdr.used.representation) *
[BUILDING_DESIGN_SCHEMA.'
"ADVANCED BREP_BUILDING, ‘SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA, ADVANCED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_FACE_WITH=-THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_WIRE~SHAPE_REPRESENTATION’,
'BUILDING_DESIGN-SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING:DESIGN_SCHEMA." +
'ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_WIRE_SHAPE_REPRESENTATION’,
'BUIKDING_DESIGN_SCHEMA.FACETED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION,
'BUILDING_DESIGN_SCHEMA.FACETED_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
FACETED_WIRE_SHAPE_REPRESENTATIONT) = 1))) = 0))) = G,

END_ENTITY;

(*

Formal propositions

WR1: A negative_componentshall be represented.

195


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

ISO 10303-225:1999(E) ©ISO

WR2: A negative_componentshall be a component for either lauilding_element fixture_-
equipment_element service_elementor structure_enclosure_element

WR3: A negative_componentshall be assigned exactly one name in bailding_item_-
identification_assignment

WRA4: A negative_componentshall only be represented by advanced_brep_building_shape_-
representatlon, advanced csg shape_| representatlonadvanced face ~with thlckness _shape_-

¢ ation
elementary_face_with thlckness shape representatipn elementary geometrlc shape -
rgpresentation,  elementary_wire_shape_representation faceted csg_shape_representdtion
fa eted_face_with_thickness_shape_representatidaceted_geometric_shape_representatignr
faceted_wire_shape_representatian

Informal propositions

IH1: Each boolean operation thahagative_componenparticipates in shall be a difference opefation.

5/2.2.1.38 opening

Ah opening is a negative_componentthat represents avelume of space that passes through a
structural or enclosing element and serves a functionalpurpose.

EKPRESS specification

*

ENTITY opening
SUBTYPE OF (negative_component);
WHERE
WR1: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.+
'BUILDING_COMPONENT-CLASSIFICATION_ASSIGNMENT.ITEMSY)) = 1;
WR2: SIZEOF (QUERY (bcca <¥ USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA.'+
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS') |
NOT (bcca\group_assignment.assigned_group.description = 'opening’)
= O,
END_ENTITY;

Formal propositieris

WR1: The opéening shall be assigned to exactly ogeoup.

WR2; Thé opening shall be assigned to group that classifies it as an opening.

5.2.271.39 positive_component
A positive_componentis ashape_aspecthat represents a solid volume that is added to some shape.

EXAMPLE 37 - A bracket is apositive_componentof a beam.
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EXPRESS specification

*

ENTITY positive_component
SUBTYPE OF (shape_aspect);

WHERE

WR1: (SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION.DEFINITION’)) >= 1)
AND
(SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
PROPERTY _DEFINITIONDEFINITION
NOT (SIZEOF (USEDIN (pd, ’BUILDING DESIGN_SCHEMA.+
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION?)) >= 1))) = 0);

WR2: SIZEOF (TYPEOF (SELF.of_shape.definition) *
[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT’,
'BUILDING_DESIGN SCHEMA SERVICE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA. STRUCTURE_ENCLOSURE_ELEMENT’]) =

WR3: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM")) = 1;

WR4: SIZEOF (QUERY (pd <* USEDIN(SELF, 'BUILDING_DESIGN~SCHEMA.'+
'PROPERTY_DEFINITION.DEFINITION’) |
NOT (SIZEOF (QUERY (pdr <* USEDIN(pd, 'BUILDING, DESIGN_SCHEMA.'+
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) |
NOT (SIZEOF (TYPEOF (pdr.used_representation) *
[BUILDING_DESIGN_SCHEMA." +
’ADVANCED BREP_BUILDING__ SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ADVANCED_CSG.SHAPE_ REPRESENTATION’
'BUILDING_DESIGN SCHEMA +
'ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_WIRE_SHAPE_REPRESENTATION’,
’BUILDING_DESIGN_SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA . ELEMENTARY_GEOMETRIC_SHAPE_ REPRESENTAT ON’,
'BUILDING_DESIGN SCHEMA +
'ELEMENTARY_WIRE_SHAPE REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED _CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
’FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_WIRE_SHAPE_REPRESENTATION']) = 1))) = 0))) =

EIND_ENTITY;

Formal propesitions

WR1: A“positive_componentshall be represented.

equment elemenxserwce eIementor structure enclosure_ element

WR3: A positive_componenshall be assigned exactly one name budding_item_identification_-
assignment

WRA4: A positive_componentshall only be represented by auvanced brep_building_shape_-
representation, advanced_csg_shape_representationadvanced_face with_thickness_shape_-
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representation, advanced_wire_shape_representatign elementary_csg_shape_representation
elementary_face_with_thickness_shape_representation elementary_geometric_shape_-

representation,

elementary_wire_shape_representation faceted _csg_shape_representation

faceted_face with_thickness_shape_representatidiaceted _geometric_shape_representatioor
faceted_wire_shape_representatian

Informal propositions

nrough a

at is a
building.

5|2.2.1.40 recess
Alrecessis a negative_componenthat represents a volume of space that does)not pass t
stfuctural or enclosing element.
EXPRESS specification
ENTITY recess
SUBTYPE OF (negative_component);
WHERE
WR1: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SECHEMA. +
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS") = 1;
WR2: SIZEOF (QUERY (bcca <* USEDIN (SELF, /BUILDING_DESIGN_SCHEMA.'+
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS)) |
NOT (bcca\group_assignment.assigned_group/description = ’recess’)
= O,
EIND_ENTITY;
(*
Formal propositions
WR1: The recessshall be assignéd)to exactly ogeoup.
WR2: The recessshall be assigned to group that classifies it as a recess.
5|2.2.1.41 service) element
Alservice_elements aproduct_definition that defines a solid, tangible part of a building th
cgmponent in‘ene or more systems installed in the building which provide a service to the
EXPRESS Specification
%)
ENTITY—service_etement
SUBTYPE OF (product_definition);
WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN(SELF, 'BUILDING_DESIGN_SCHEMA. +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA.BUILDING_SECTION"

IN TYPEOF (pdr.relating_product_definition))) = 1;

WR2: SIZEOF (USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEMY)) =

WR3: SIZEOF (QUERY (pds <* QUERY (pd <* USEDIN (SELF,
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'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION.DEFINITION’) |
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN
TYPEOF (pd)) |

SIZEOF (QUERY (sa <* USEDIN(pds, 'BUILDING_DESIGN_SCHEMA.'+
'SHAPE_ASPECT.OF_SHAPE’)
(BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT" IN TYPEOF (sa))
AND

(sa.description = 'main component))) = 1)) = 1,

END_ENTITY;

(*
F

ISO 10303-225:1999(E)

prmal propositions

5
A

E

WR1: A service_elemenshall be the related_product_definition in exactly pneduct_definition|
relationship where the relating_product_definition isbailding_section

WR2: A service_elementshall be assigned exactly one name ibwlding_item,-identification] -
assignment

WR3: A service_elemenshall have groduct_definition_shapethat is:referenced by at exactl
positive_componentwith a description of ‘main component'.

2.2.1.42 site

site is acharacterized_objectand aproduct_definition,that defines the site of a building.

KPRESS specificatian

*

E

NTITY site
SUBTYPE OF (characterized_object,, product_definition);

WHERE

E
(*

WR1: (SIZEOF (USEDIN (SELE;\'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION:DEFINITIONY)) >= 1)
AND
(SIZEOF (QUERY (pdt'<* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFRINLTION.DEFINITION’)
SIZEOF (USEDIN.)(pd, 'BUILDING_DESIGN_SCHEMA. '+
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION)) = 0)) = 0);
WR2: SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY" DEFINITION.DEFINITION’) |
NOT (SIZEOF (QUERY (pdr <* USEDIN (pd, 'BUILDING_DESIGN_SCHEMA.'+
'PRODUCT_DEFINITION_REPRESENTATION.DEFINITIONY) |
NOT/(BUILDING_DESIGN_SCHEMA.SITE_REPRESENTATION’ IN
TYPEOF (pdr.used_representation)))) = 0))) = O;
ND_ENTITY;

y one

Formal propositions

WRL1: A site shall be represented.

WR2: A site shall be represented bysite _representation
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5.2.2.1.43 site_representation

A site_representationis a shape_representatiorthat represents the shape of a site.

EXPRESS specification

*

ENTITY site_representation
SUBTYPE OF(shape representation);

WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN (SELF,'BUILDING_DESIGN_SCHEMA.+
'PROPERTY_DEFINITION_REPRESENTATION.USED REPRESENTATION’) |
NOT('BUILDING_DESIGN_SCHEMA.SITE’ IN
TYPEOF (pdr.definition.definition)))) =

WR2: SIZEOF (QUERY (item <* SELF.items |
NOT (SIZEOF ([BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET",
'BUILDING_DESIGN SCHEMA GEOMETRIC_CURVE_SET] *
TYPEOF (item)) = 1)) =

WR3: SIZEOF (QUERY (cfs <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* cfs\connected face_set.cfs faces |
NOT (SIZEOF (QUERY (bnds <* fcs.bounds |
NOT ('BUILDING_DESIGN_SCHEMA.POLY_LOOP’ IN, TYPEOF (bnds.bound))))
= 0)) = 0)) = O

WR4: SIZEOF (QUERY (cfs <* QUERY (item <* SELE.items |
'BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (fcs <* cfs\connected face_set.cfs faces |
NOT (SIZEOF (QUERY (bnds <* fcs.bounds®|
NOT (SIZEOF (bnds.bound\poly_loop.polygon) = 3)))
= 0) = 0)) = O

WRS5: SIZEOF (QUERY (gcs <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY (el <* gcs\geometric_set.elements |
NOT (SIZEOF ([BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’,
'BUILDING_DESIGN_SCHEMA! POLYLINE] * TYPEOF (el)) = 1))) = 0))) = O;

WR6: SIZEOF (QUERY (gcs <* .QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET' IN TYPEOF (item)) |
NOT (SIZEOF (QUERY- (el <* gcs\geometric_set.elements |
'BUILDING_DESIGN.SEHEMA.CARTESIAN_POINT' IN TYPEOF (el))) >= 1))
= 0,

WR7: SIZEOF (QUERY (gcs <* QUERY (item <* SELF.items |
'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET' IN TYPEOF (item)) |
NOT (SIZEOF(QUERY (pline <* QUERY (el <* gcs\geometric_set.elements
| 'BUILDING-DESIGN_SCHEMA.POLYLINE' IN TYPEOF (el)) |
NOT (SIZEOF (QUERY (pline_pt <* pllne\polyllne pomts |
NOT Apline_pt IN gcs\geometric_set.elements))) = 0))) = 0))) =

EIND_ENTITY;

(*

Formal\propositions

WR1: A site_representationshall be used to represensde.

WR2: A site_representation shall have in its set of items exactly om®nnected_face_sebr
geometric_curve_set

WR3: If the representation_itemis aconnected_face_sett shall contain faces that are bounded by
poly_loops.
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WRA4: If the representation_itemis aconnected_face_setll of its faceinstances shall be bou
by poly_loops with the aggregate polygon defined by exactly thragesian_point.

WRS5: If the representation_item is a geometric_curve_set its elements set shall consi
cartesian_poins or polylines.

nded

st of

WRE6: If the representation_itemis ageometric_curve_setits elements shall consist of at least one

cartesian_point

WRY7: If the representation_itemis a geometric_curve_setits elements that are of typmolylif
shall reference only points that are in the elements set.

5(2.2.1.44 space_element

Alspace_elemenis aproduct_definition that defines an intangible volumetri¢c-region of a bu
thiat represents portions of a building usable by building occupants or building service eqy

EKPRESS specification

*

ENTITY space_element

SUBTYPE OF (product_definition);

WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA.BUILDING<SECTION’ IN
TYPEOF (pdr.relating_product_definition))) = 1;

WR2: SIZEOF (USEDIN (SELF, 'BUILDING?DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATIONJASSIGNMENT.ITEM)) = 1;

WR3: (SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEEINITION’)
'BUILDING_DESIGN_SCHEMA, PRODUCT_DEFINITION_SHAPE’ IN
TYPEOF (pd))) >= 1)
AND

(SIZEOF (QUERY (pds. &* QUERY (pd <* USEDIN (SELF,
'BUILDING_DESIGN~N\SCHEMA.PROPERTY_DEFINITION.DEFINITION")
'BUILDING_DESIGNZSCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEOF (pd)) |
NOT (SIZEOF-(USEDIN (pds, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_-DEFINITION_REPRESENTATION.DEFINITIONY)) >= 1))) = 0);
WR4: SIZEOF (QUERY (pd <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEFINITION’) |
NOT (SIZEOF (QUERY (pdr <* USEDIN (pd, 'BUILDING_DESIGN_SCHEMA.+
'PRODUCT_DEFINITION_REPRESENTATION.DEFINITION’) |
NOTY ( SIZEOF (TYPEOF (pdr.used_representation) *
[BUILDING_DESIGN_SCHEMA." +
'ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +

ilding
ipment.

'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,

'BU|LL)|N(J_U|:S|(JN_b(.,Ht|V|/-\.' +
'FACETED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'GROUND_FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATIONY) = 1))) = 0))
= 0,

END_ENTITY;

(*

2
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Formal propositions

WR1: A space_elemenshall be the related_product_definition in exactly gmeduct_definition_-
relationship where the relating_product_definition isbailding_section

WR2: A space_elemenshall be assigned exactly one name itwlding_item_identification_-
assignment

R4: A space_elementshall only be represented by advanced_space boundary shape -
rgpresentation, an elementary _space_boundary shape representatipna faceted spade -
boundary _shape_representationor aground_face space_boundary_shape_representation

5|2.2.1.45 structure_enclosure_element
Alstructure_enclosure_elemenis aproduct_definition that defines artidentifiable part of a buiflding

thiat contributes to the basic form or function of a building. The functional roles are differentiated by
characteristics such as load bearing behaviour, space sepatating traits, or protection.

EKPRESS specification

*

ENTITY structure_enclosure_element

SUBTYPE OF (product_definition);

WHERE

WR1: SIZEOF (QUERY (pdr <* USEDIN-(SELF, 'BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’) |
'BUILDING_DESIGN_SCHEMA:BUILDING_SECTION"™
IN TYPEOF (pdr.relating_product_definition))) = 1;

WR2: SIZEOF (USEDIN (SELF, ‘BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM")) =

WRS3: SIZEOF (QUERY (pds.<* QUERY (pd <* USEDIN (SELF,
'BUILDING_DESIGNNSCHEMA.PROPERTY_DEFINITION.DEFINITION’) |
'BUILDING_DESIGN”SCHEMA. PRODUCT_| DEFINITION_SHAPE’ IN TYPEOF (pd)) |
SIZEOF (QUERY.(sa <* USEDIN (pds, 'BUILDING_DESIGN_SCHEMA.'+
'SHAPE_ASPECT.OF_SHAPE’)
(BUILDING\DESIGN_SCHEMA.POSITIVE_COMPONENT" IN TYPEOF (sa))

AND

(sa.description = 'main component))) = 1)) = 1,

END_ENTITY;

(*

Formal\propositions

WR1: A structure_enclosure_elementshall be the related_product_definition in exactly one
product_definition_relationship where the relating_product_definition isbailding_section

WR2: A structure_enclosure_elementshall be assigned exactly one name ifbwlding_item_-
identification_assignment

WR3: A structure_enclosure_elemenshall have groduct_definition_shapethat is referenced by
exactly onepositive_componentwith a description of ‘main component’.
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5.2.2.1.46 truncated_pyramid

A truncated_pyramid is aboolean_resultthat is a solid primitive with a square bottom face, a square

top face of smaller size than the bottom face, and four trapezoidal faces that connect the top face and

bottom face.

EXPRESS specification

ENTITY truncated_pyramid
SUBTYPE OF (boolean_result);
EIND_ENTITY;

5|2.2.2 building_design imported entity modifications
5

2.2.2.1 application_context

The base definition of thapplication_context entity is given in ISO 10303-41. The following
mpodifications apply to this part of ISO 10303.

Associated global rules

The following global rules defined in this part of ISO 120303 apply todpelication_contextentity:
— application_context_requires_ap_definition (see 5.2.3.1);

— restrict_application_context (see 5,2.3.4).
5|2.2.2.2 application_protocol definition

The base definition of thepplication_protocol_definition entity is given in 1ISO 10303-41.|The
following madifications apply to this part of ISO 10303.

As$sociated global rules

The following global rules defined in this part of ISO 10303 apply to dpplication_protoco| -
definition entity:

— application_context_requires_ap_definition (see 5.2.3.1).

5{22.2.3 geometric_representation_context

The base definition of thgeometric_representation_contexentity is given in ISO 10303-42. The
following modifications apply to this part of ISO 10303.
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The following global rules defined in this part of ISO 10303 apply togeemetric_representation_-
context entity:

5

— geometric_representation_context_3d (see 5.2.3.3).

2.2.2.4 geometric_set

T

A

apply to this part of ISO 10303.

ne base definition of thgeometric_setentity is given in ISO 10303-42. The following modifics

bsociated global rules

T

5

T
to

A

ne following global rules defined in this part of ISO 10303 apply to ¢geemetric_setentity:
— subtype_mandatory_geometric_set (see 5.2.3.7).
2.2.2.5 group

e base definition of thgroup entity is given in ISO 1030@3-41. The following modifications
this part of ISO 10303.

5sociated global rules

T

5

T

A

apply to this part of ISO(10303.

he following global rules defined in this part,of ISO 10303 apply to dheup entity:

— subtype_mandatory_group (see, 5:2.3.8).

2.2.2.6 mapped_item

ne base definition of thenapped_itementity is given in ISO 10303-43. The following modifics

sociated global rules

T

ne following<global rules defined in this part of ISO 10303 apply to itigpped_itementity:
— building_element_maps_into_building_section (see 5.2.3.2);

Lorestrict_origin_and_target (see 5.2.3.5).

tions

apply

tions

5

2.2.2.7 representation_relationship_with_transformation

The base definition of theepresentation_relationship_with_transformation entity is given in ISO
10303-43. The following modifications apply to this part of ISO 10303.
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Associated global rules

The following global rules defined in this part of ISO 10303 apply to tepresentation -

relationship_with_transformation entity:

— building_element_maps_into_building_section (see 5.2.3.2).

5.2.2.2.8 shape_representation

The base definition of thehape_representationentity is given in ISO 10303-41. The folle
mpodifications apply to this part of ISO 10303.

Associated global rules

— shape_representation_subtype_exclusiveness (see 5.2.3.6).
5|2.2.2.9 shape_aspect_relationship

The base definition of thehape aspect_relationshigntity is)given in ISO 10303-41. The follo
miodifications apply to this part of ISO 10303.

Altribute definitions

description: text that relates the nature of teBape_aspect_relationshiplt defines the order of

element service_elementor structure_enclosure_element

5/2.2.2.10 solid_model

The base definition of theofid ~modelentity is given in ISO 10303-42. The following modifica
apply to this part of ISO(10303.

Associated global rules

The following<glebal rules defined in this part of ISO 10303 apply to$béd_modelentity:

— subtype_mandatory_solid_model (see 5.2.3.9).

The following global rules defined in this part of ISO 10303 apply toghape_representatiorentify:

adldition and subtractions of thehape_aspea within a building_element, fixture_equipment -

5(2:3 building design rule definitions

5.2.3.1 application_context_requires_ap_definition

ving

ving

the

tions

The application_context_requires_ap_definitionrule specifies that each instanceagplication_-
contextshall be referenced by exactly oapplication_protocol_definition that specifies this part of

ISO 103083.
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EXPRESS specification

*

RULE application_context_requires_ap_definition FOR
(application_context, application_protocol_definition);
WHERE
WR1: SIZEOF (QUERY (ac <* application_context |
NOT (SIZEOF (QUERY (apd <* application_protocol_definition |

(ac :=: apd.application)

AND

(apd-application_mnterpreted_model_Schema_name =

'building_design_schema’)) ) =1)) =0;
END_RULE;

(*

Afgument definitions

application_context: the set of all instances @pplication_context entities.

1%
12

application_protocol_definition: the set of all instances afpplication_pfotocol_definition entiti

Formal propositions

WR1: For each instance afpplication_context there shall be.exactly one instanceapiplication -
otocol_definition that references the instanceagfplication contextas its application with a value
ofl ‘building_design_schema’ as its application_interpteted_model_schema_name.

5(2.3.2 building_element_maps_into, building_section

hen arepresentationwhich representsiauilding_element, fixture_equipment_element service_-
element space_elementor structure_enclosure_elements used as the mapped_representgtion of
thie source of anapped_item thatmapped_itemshall be used by exactly omepresentationwhich
represents huilding_section When arepresentationwhich representslauilding_element fixture| -
equipment_element service_elementspace_elementor structure_enclosure_elemenis used as
rep_2 of arepresentation. relationship_with_transformation, exactly onerepresentation_-
relationship_with_transfarniation shall have rep_1 be aepresentation which represents a
ilding_section

EKPRESS specification

*

RULE building_element_maps_into_building_section FOR
(mapped: item, representation_relationship_with_transformation);
WHERE
WR1: SIZEOF (QUERY (mi <* mapped_item |
{SHZESF{QUERY—{pdr—<=
USEDIN(mi.mapping_source.mapped_representation,
'BUILDING_DESIGN_SCHEMA.+
'PROPERTY_DEFINITION_REPRESENTATION. +
'USED_REPRESENTATION’) |
SIZEOF (TYPEOF (pdr.definition.definition) *
[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’]
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) =1
) >= 1)
AND
(NOT (SIZEOF (QUERY (r <* USEDIN (mi,'BUILDING_DESIGN_SCHEMA.+
'REPRESENTATION.ITEMS’) |
SIZEOF (QUERY (pdr <* USEDIN(r,BUILDING_DESIGN_SCHEMA."+
'PROPERTY_DEFINITION_REPRESENTATION.USED REPRESENTATION’)
| (BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN
TYPEOF (pdr.definition.definition))
)) >= 1
) = 1))
) = 0;
WR2: (SIZEOF (QUERY (rrwt <*
representation_relationship_with_transformation |
(SIZEOF (QUERY (pdr <*

USEDIN(rrwt\representation_relationship.rep_2,
'BUILDING_DESIGN_SCHEMA.'+
'PROPERTY_DEFINITION_REPRESENTATION. +
'USED_REPRESENTATION) |

SIZEOF (TYPEOF (pdr.definition.definition) *
[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT’
'BUILDING_DESIGN SCHEMA SERVICECELEMENT’,
'BUILDING_DESIGN_SCHEMA.SPACE¢ ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMIENT’]

) =1
)) >= 1)
AND
(NOT (SIZEOF (QUERY (pdr <*
USEDIN(rrwt\representation’_relationship.rep_1,
'BUILDING_DESIGNZSCHEMA.PROPERTY_DEFINITION_'+
'REPRESENTATION.USED_REPRESENTATION") |

(BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN
TYPEOF (pdr.definition@efinition))
) = 1))

) = 0);
WR3: SIZEOF (QUERY (rrwt_1 <*
representation_relationship_with_transformation |
SIZEOF (QUERY (rrwt’2 <*
representation_relationship_with_transformation |
(SIZEOF (QUERY (pdr <*

USEDIN(rrwt_1\representation_relationship.rep_2,
'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION_’ +
'REPRESENTATION.USED_REPRESENTATION’) |

SIZEOF (TYPEOF (pdr.definition.definition) *

[[BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT,
'BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'‘BUILDING_DESIGN_SCHEMA." +
'STRUCTURE_ENCLOSURE_ELEMENT’]) =

) >= 1)
AND
(rrwt_1\representation_relationship.rep_2 =
rrwt_2\representation_relationship.rep_2)
) >= 1
= 0;
END_RULE;
¢
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Argument definitions

mapped_item: the set of all instances ohapped_itementities.

representation_relationship_with_transformation: the set of all instances ofepresentation_-

relationship_with_transformation entities.

Formal propositions

R1: Everymapped_itemwhich uses a representation that represebtsilding _element, fixture|

equipment_elementservice_elementspace_elementor structure_enclosure_elemenas.jts)soy
shall be used by exactly onmepresentation which represents huilding_section

R2: Every representation_relationship_with_transformation which uses aepreSentation th
rgpresents duilding_element fixture_equipment_element service_elementspace_element
structure_enclosure_elementas rep_1 shall have eepresentation as rep.2 which represe
bdilding_section
WR3: No representation which represents auilding_elements fixture_equipment_elemsg

representation_relationship_with_transformation as rep_2.
5/2.3.3 geometric_representation_context>3d

All geometry shall be three dimensional.

EKPRESS specification

*

RULE geometric_representation_contéext_ 3d FOR
(geometric_representation_context);
WHERE
WR1: SIZEOF (QUERY (dre\'<* geometric_representation_context |
NOT (grc.coordinate_ Jspace_dimension = 3)
) = 0;
END_RULE;

Afgument definitions

geometricirepresentation_contextthe set of all instances ajeometric_representation_con
entities:

=

ce

at
or
Nts a

nt

service_elementspace_elementor structure_enclosure_elemenshall be used by more than one

ext

Formal propositions
154 154

WR1: All instances ofgeometric_representation_contextshall have a value of three for the

coordinate_space_dimension.
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5.2.3.4 restrict_application_context

An instance ofapplication_context shall be a context for the composition of the building shape.

EXPRESS specification

*

RULE restrict_application_context FOR
(application context);
WHERE
WR1: SIZEOF (QUERY (ac <* application_context |
NOT (ac.application = ’building shape composition”))) = O;

END_RULE;

Afgument definitions

application_context: the set of all instances @pplication_context entities:

Formal propositions

WR1: Every instance oépplication_contextshall have a valué<building shape compaosition’ for the
application attribute.

5|2.3.5 restrict_origin_and_target

The target of anapped_itemshall be araxis2_placement_3dand the origin of any corresponding
rgpresentation_mapshall also be amxis2_placement_3d

EXPRESS specification

*

RULE restrict_origin_and_target FOR
(mapped_item);
WHERE
WR1: SIZEOF (QUERY_(mi <* mapped_item |
NOT (('BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’
IN TYPEOFC{mi.mapping_target))
AND
(BUILDING” DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’
IN TYREOF (mi.mapping_source.mapping_origin))))) = 0;
EIND_RULE;

(*

Afgument definitions

mapped_item: the set of all instances ohapped_itementities.

Formal propositions

WRL1: Every instance ofmapped_itemshall have a mapping_target of the tygpds2_placement_3d
and shall have a mapping_origin of the tygeds2_placement_3dor the mapping_source.
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5.2.3.6 shape_representation_subtype_exclusiveness

©ISO

An instance of a subtype ¢fhape_representationshall be either aradvanced_brep_building_-

shape_representation advanced_csg_shape_representatiopnadvanced_face_with_thickness_-
shape_representatiopnadvanced_space_boundary_shape_representati@dvanced_wire_shape_-
representation elementary_csg_shape_representatipalementary_face_with_thickness_shape_-
representation elementary_geometric_shape_representatioelementary_space_boundary_shape_-

representation,

eted_space_boundary_shape_representatiofiaceted_wire_shape_representatigngroond

e_space_boundary_shape_representatipar site_representation

PRESS specification

R LE shape_representation_subtype_exclusiveness FOR
(shape_representation);

HERE
WR1:

SIZEOF (QUERY (sr <* shape_representation |

NOT (SIZEOF (TYPEOF (sr) *

[BUILDING_DESIGN_SCHEMA." +
"ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION’,
’BUILDING_DESIGN_SCHEMA.ADVANCED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_FACE_WITH_THICKNESS_SHAPEL\REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
’ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ADVANCED® WIRE_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
’ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTAT
'BUILDING_DESIGN_SCHEMA! +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION',
'BUILDING_DESIGN_SCHEMA." +

'ELEMENTARY_WIRE, SHAPE_REPRESENTATION’,
'BUILDING_DESIGNsSCHEMA.FACETED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN JSCHEMA." +

'FACETED _ FACE WITH THICKNESS_SHAPE_REPRESENTATION?,
'BUILDING_DESIGN_SCHEMA.FACETED GEOMETRIC_SHAPE_ REPRESENTATION’
'‘BUILDING. DESIGN_SCHEMA." +
'FACETEBD.-SPACE_BOUNDARY_SHAPE_REPRESENTATION’,

’BUILDING DESIGN | SCHEMA. FACETED_ ~WIRE_SHAPE_ REPRESENTATION’
'BUILDING_DESIGN_SCHEMA." +
'GROUND_FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.SITE_REPRESENTATION']) <= 1))) =

END_RULE;

(*

elementary_wire_shape_representation faceted_csg_shape_representation
f%etedTacewnnthKnesssnaperepresentatl,on faceted_geometric_shape_represeniation

ON’,

Argument definitions

shape_representationthe set of all instances a¢thape_representatiorentities.

Formal propositions

WR1: Each instance of one of the subtypesbépe representatiorshall be either amdvanced_-
brep_building_shape_representatioradvanced_csg_shape_representatiaadvanced_face with_-
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thickness_shape_representatignadvanced_space_boundary_shape_representatioadvanced_-
wire_shape_representation elementary_csg_shape_representation elementary face_ with_-
thickness_shape_representatigelementary_geometric_shape_representatigalementary_space_-
boundary _shape_representation elementary_wire_shape_representationfaceted_csg_shape_-
representation faceted_face_with_thickness_shape_representatiofaceted_geometric_shape_-
representation, faceted_space_boundary_ shape representatipn faceted wire_shape_-
representation, ground_face space_boundary shape_representatioor site_representation

5 n N =7 Loy e L daras 'y
257 suntype_mandatory_geometic_Set
All instances ofgeometric_setshall be instances a@jeometric_curve_set

EKPRESS specification

*

RULE subtype mandatory_geometric_set FOR

(geometric_set);

WHERE

WR1: SIZEOF (QUERY (gs <* geometric_set |
NOT ('BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET
IN TYPEOF (gs)))) = 0;

END_RULE;

Argument definitions

geometric_set:the set of all instances @feometric-setentities.

Formal propositions

R1: Every instance ofjeometric_setshall also be an instance géometric_curve_set

o=

2.3.8 subtype_mandatory_group
All instances ofgroup shall;be instances dfuilding_component_classification_group

EKPRESS specification

*

RULE subtype-mandatory group FOR
(group);
WHERE
WRI1I-SIZEOF (QUERY (g <* group
NOT ('BUILDING_DESIGN_SCHEMA.BUILDING_COMPONENT_CLASSIFICATION_-

GRQUP’
IN TYPEOF (g)))) = O;
END_RULE;

(*

Argument definitions

group: the set of all instances @roup entities.
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Formal propositions

WRL1: Every instance ofjyroup shall also be an instance bfiilding_component_classification_-

group.

5.2.3.9 subtype mandatory_solid_model

An instance ofolid_modelshall be an instance ofg_solid manifold_solid_brep, revolved_area_-

face_with_thickness_shape_representatioarfaceted_face_with_thickness_shape_represent

EKPRESS specification

*

RULE subtype mandatory_solid_model FOR

(solid_model);

WHERE

WR1: SIZEOF (QUERY (sm <* solid_model |
NOT (SIZEOF (TYPEOF (sm) *
[BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREPY,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOUID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_FACE_WITH_THICKNESS_SHAPE REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_FACE_WITH_THICKNESS SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION) = 1))) = O;

EIND_RULE;

Afgument definitions

salid_model: the set of all instances aolid_model entities.

Formal propositions

WR1: Every instance-ofolid_modelshall also be an instance o$g_solid manifold_solid_brg
rgvolved_area_saligextruded_area_solidadvanced_face with_thickness_shape_represent
elementary_face with_thickness_shape_representatipar faceted face with_thickness_sh
regpresentation

5|2.4building_design function definitions

524 1 msb—shetlls

s¢lid, extruded_area_solig advanced_face_with_thickness_shape_representatoglementary_-

tion

P,
tion

The msb_shellsfunction builds the set of aktlosed_shelB used in the definition of ananifold_-

solid_brep.
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EXPRESS specification

*

FUNCTION msb_shells (brep: manifold_solid_brep) :
SET [1:?] OF closed_shell;
IF SIZEOF (QUERY (brtyp <* TYPEOF (brep) |
brtyp LIKE ™.BREP_WITH_VOIDS’)) >= 1 THEN
RETURN (brep\brep_with_voids.voids + brep.outer);
ELSE
RETURN ([brep.outer]);
—END1F;
EIND_FUNCTION;

Argument definitions

brep: (input) amanifold_solid_brep for which a set ofclosed_shellcomponents-is required.

s¢hema_namef{input) a STRING giving the name of the schema to which brep belongs.

5|2.4.2 valid_advanced_csg_tree

Thevalid_advanced_csg_treéunction returns true if the elements that comprise the CSG tre¢ passed
infas a parameter satisfy the requirements defined for advanced CSG trees.

FUNCTION valid_advanced_csg_tree (tree_element~“boolean_operand) :
BOOLEAN,;

-- return true if the tree_element is a valid primitive

IF SIZEOF (TYPEOF (tree_element) *
[BUILDING_DESIGN_SCHEMA.BLOCK’, 'BUILDING_DESIGN_SCHEMA.TORUS’,
'BUILDING_DESIGN_SCHEMA:RIGHT_CIRCULAR_CYLINDER,
'BUILDING_DESIGN_SCHEMA.SPHERE’,
'BUILDING_DESIGN_SCHEMA.RIGHT_CIRCULAR_CONEFE’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN ASCHEMA.EXTRUDED_AREA_SOLID’,
'BUILDING_DESIGN, SCHEMA.REVOLVED_AREA_SOLID,
'BUILDING_DESIGN_SCHEMA.HALF_SPACED_SOLID’]) = 1 THEN RETURN (TRUE);
ELSE

- if the free_element is a boolean_result check its operations and
-- operands

IF. "BUILDING_DESIGN_SCHEMA.BOOLEAN_RESULT’ IN TYPEOF (tree_element)
THEN

addition—and subtraction —are the aonlhs valid anerations
|66 H—ahla—SHdHactHoR—ad A Ryy—aHa—opelratHon

IF NOT (tree_element\boolean_result.operator
IN [UNION, DIFFERENCE])
THEN RETURN (FALSE);
END_IF;

-- if the operand is a half_space_solid , check for advanced surface
-- otherwise return false and recursively check second operand

IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
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TYPEOF (tree_element\boolean_result.first_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (tree_element\boolean_result.
first_operand\half_space_solid.base_surface) THEN
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (tree_element\boolean_result.second_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (tree_element\boolean_result.
second_operand\half_space_solid.base_surface) THEN
RETURN (TRUE);
ELSE RETURN (EALSE):
END_IF;
ELSE RETURN (valid_advanced_csg_tree
(tree_element\boolean_result.second_operand));
END_IF;
ELSE RETURN (FALSE);
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (tree_element\boolean_result.second_operand) THEN
IF "BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE™IN TYPEOF
(tree_element\boolean_result.second_operand\half_space,_solid.
base_surface) THEN
RETURN (valid_advanced_csg_tree
(tree_element\boolean_result.first_operand));

ELSE
RETURN (FALSE);
END_IF;
ELSE
RETURN (valid_advanced_csg_tree
(tree_element\boolean_result.first_operand) AND
valid_advanced_csg_tree
(tree_element\boolean, result.second_operand));
END_IF;
END_IF;
END_IF;
END_IF;
RETURN (FALSE);
END_FUNCTION;

Afgument definitions

tr¢e_element:(input)-theboolean_operandto be evaluated.

5/2.4.3 valid advanced_wire_composition

Thevalid \advanced_wire_compositiorfunction checks for a variety afurves whether these cyrves
rgferenee. legal basis curves within advanced_wire_shape_representation

Thefunction returns the Ingir- value TRUE if the types. of all Ir'mh:’-r\'ri::ully mmqui\/nly referenged basis

curves are permitted ones. Also curves that are valid basis curves for any other curves will cause
TRUE to be returned.

EXPRESS specification

*

FUNCTION valid_advanced_wire_composition (sw_element: curve) : BOOLEAN;
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-- let those types pass that have valid references to basis curve s

IF SIZEOF ('BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE/,
'BUILDING_DESIGN_SCHEMA.CONIC’,
'BUILDING_DESIGN_SCHEMA.LINE,
'BUILDING_DESIGN_SCHEMA.POLYLINE] * TYPEOF (sw_element) ) = 1 THEN
RETURN(TRUE);
ELSE

-- check in case curve_replica is the type of the input curve

IF 'BUILDING_DESIGN_SCHEMA.CURVE_REPLICA" IN TYPEOF (sw_element) THEN
RETURN (valid_advanced_wire_composition
(sw_element\curve_replica.parent_curve));

ELSE

--check in case offset_curve_3d is the type of the input curye

IF 'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’ IN TYPEOF(sW_element)
THEN
RETURN(valid_advanced_wire_composition
(sw_element\offset_curve 3d.basis_curve));
ELSE
IF (BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’) INNTYPEOF (sw_element)
THEN RETURN (valid_faceted_wire_composition
(sw_element\trimmed_curve.basis_curve));
END_IF;
END_IF;
END_IF;
END_IF;
RETURN (FALSE);
EIND_FUNCTION;

Afgument definitions

sw_element:(input) thecurve to be evaluated.

5|2.4.4 valid_elementary- csg_tree

The valid_elementary_csg) treefunction returns true if the elements that comprise the C$G tree
passed in as a parameter satisfy the requirements defined for elementary CSG trees.

FUNCTION valid>€lementary_csg_tree (tree_element : boolean_operand) :
BOOLEAN;

-- returmstrue if the tree_element is a valid primitive

IF_SIZEOF (TYPEOF (tree_element) *
[BUII DING DFESIGN SCHFEMA BI OCK’, 'BUII DING DESIGN_SCHEMA TORUS’
'BUILDING_DESIGN_SCHEMA.RIGHT_CIRCULAR_CYLINDER’,
'BUILDING_DESIGN_SCHEMA.SPHERE',
'BUILDING_DESIGN_SCHEMA.RIGHT_CIRCULAR_CONE’,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_FACE_WITH_THICKNESS_ SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID',
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.HALF_SPACED_SOLID’]) = 1 THEN RETURN (TRUE);
ELSE
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- if the tree_element is a boolean_result check its operations and
-- operands

IF 'BUILDING_DESIGN_SCHEMA.BOOLEAN_RESULT’ IN TYPEOF (tree_element)
THEN

-- addition and subtraction are the only valid operations
IF NOT (tree_element\boolean_result.operator

IN” [UNION, DIFFERENCE])
THEN RETURN (FALSE);

©ISO

END_IF;

-- if the operand is a half_space_solid , check for elementary surface
-- otherwise return false and recursively check second operand

IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (tree_element\boolean_result.first_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (tree_element\boolean_result.
first_operand\half_space_solid.base_surface) THEN
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (tree_element\boolean_result.second_operand); THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (tree_element\boolean_result.
second_operand\half_space_solid.base_surface) THEN
RETURN (TRUE);
ELSE RETURN (FALSE);
END_IF;
ELSE RETURN (valid_elementary_csg ‘tree
(tree_element\boolean_result.second_operand));
END_IF;
ELSE RETURN (FALSE);
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (tree_element\boolean_result.second_operand) THEN
IF "BUILDING_DESIGN,SCHEMA.ELEMENTARY_SURFACE’ IN
TYPEOF (tree_element\boolean_result.
second~operand\half_space_solid.base_surface) THEN
RETURN (valid elementary _csg_tree
(tree_element\boolean_result.first_operand));
ELSE
RETURN~ (FALSE);
END _4F;
ELSE
RETURN (valid_elementary _csg_tree
(tree_element\boolean_result.first_operand) AND
valid_elementary csg_tree
(tree_element\boolean_result.second_operand));
END_IF;
END_IF;
END_IF;
END _IF;

RETURN (FALSE);
END_FUNCTION;

(*

Argument definitions

tree_element:(input) theboolean_operandto be evaluated.
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5.2.4.5 valid_elementary_wire_composition

Thevalid_elementary_wire_compositiondetermines if a curve that is pass in is comprised of valid
elementary curves.

EXPRESS specification

TION Al Alamaantarms wapen A~ Ao AN
ToON—VYaHG blblllbllluly ViITC_COTITPUSTUOTT

_element : curve) : BOOLEAN;

('D

-- check for valid basic curve s

IF SIZEOF (['BUILDING_DESIGN_SCHEMA.LINE',
'BUILDING_DESIGN_SCHEMA.CONIC’] * TYPEOF (sw_element)) =
THEN RETURN (TRUE);

ELSE

-- if the curve is a trimmed_curve

IF (BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’) IN TYREOF (sw_element) THEN

-- recursively check the basis_curve

RETURN (valid_elementary_wire_composition
(sw_element\trimmed_curve.basis_curve));
ELSE

-- recursively check the composite “curve segments

IF (BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’) IN
TYPEOF (sw_element) THEN
RETURN (SIZEOF (QUERY (ecs <* sw_element\composite_curve.segments |

NOT (valid_ elementary wite-composition
(ccs. parent curve)))) = 0Q);
END_
END_IF;
END_IF;
RETURN (FALSE);
EIND_FUNCTION;

Afgument definitions

sw_element(input) thecurve to be evaluated.

5|24.6 valid_faceted csg_tree

The valid_faceted_csg_tredunction returns true if the elements that comprise the CSG tree passed
in as a parameter satisfy the requirements defined for faceted CSG trees.

*

FUNCTION valid_faceted csg_tree (tree_element : boolean_operand) : BOOLEAN;
-- return true if the tree_element is a valid primitive

IF SIZEOF (I'BUILDING_DESIGN_SCHEMA.BLOCK,
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'BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION] *
TYPEOF (tree_element) ) = 1 THEN RETURN (TRUE);

ELSE

-- if the tree_element is a boolean_result check its operations and
-- operands

IF 'BUILDING_DESIGN_SCHEMA.BOOLEAN_RESULT" IN TYPEOF (tree_element)
THEN

-- addition and subtraction are the only valid operations

IF NOT (tree_element\boolean_result.operator
IN [UNION, DIFFERENCE])
THEN RETURN (FALSE);
END_IF;

-- if the operand is a half_space_solid , check for elementary surface
-- otherwise return false and recursively check second operand

IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN
TYPEOF (tree_element\boolean_result.first_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.PLANE" IN TYPEOF
(tree_element\boolean_result.first_operand\half_space olid.
base_surface) THEN
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE. SOLID’ IN
TYPEOF (tree_element\boolean_result.second_operand) THEN
IF 'BUILDING DESIGN_SCHEMA.PLANE™IN TYPEOF
(tree_element\boolean_result.second_operand\half_space_solid.
base_surface) THEN
RETURN (TRUE);
ELSE RETURN (FALSE);
END_IF;
ELSE RETURN (valid_faceted ‘csg_tree
(tree_element\boolean_resultysecond_operand));
END_IF;
ELSE RETURN (FALSEY);
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN
TYPEOF (treeyelement\boolean_result.second_operand) THEN
IF 'BUILDING” DESIGN_SCHEMA.PLANE’ IN
TYPEQFE “(tree_element\boolean_result.
second_operand\half_space_solid.base_surface) THEN
RETURN (valid_faceted_csg_tree
(tree_element\boolean_result.first_operand));
ELSE
RETURN (FALSE);
END_IF;
ELSE
RETURN (valid_faceted csg_tree
(tree_element\boolean_result.first_operand) AND
valid_faceted_csg_tree
(tree_element\boolean_result.second_operand));

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

(*
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Argument definitions

tree_element:(input) theboolean_operandto be evaluated.
5.2.4.7 valid_faceted wire_composition

The valid_faceted_wire_compositiondetermines if a curve that is passed in is comprised of valid
faceted curves.

EKPRESS specification

FUNCTION valid_faceted_wire_composition
(sw_element : curve) : BOOLEAN;

-- check for valid basic curve s

IF 'BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF (sw_element)
THEN RETURN (TRUE);
ELSE

- if the curve is a trimmed_curve
IF (BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE#))IN TYPEOF (sw_element) THEN
- if a line is being trimmed, then valid

IF SIZEOF ('BUILDING_DESIGN_SCHEMACLINE',
'BUILDING_DESIGN_SCHEMA.CONIC'] * TYPEOF
(sw_element\trimmed_curve.basjs=curve)) = 1

THEN RETURN (TRUE);

-- otherwise, recursively check\the basis_curve

ELSE RETURN (valid_faceted wire_composition
(sw_element\trimmed_cune.basis_curve));
END_IF;
ELSE
IF (BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’) IN
TYPEOF (sw.element) THEN
RETURN (SIZEOF (QUERY (ccs <* sw_element\composite_curve.segments
| NOT (valid_faceted wire_composition
(ccs.parent_curve)))) = 0);
END_IF;
END_IF;
END_IF;
RETURN. (FALSE);
END_FUNCTION;

PN T
A qunlcut UCIIIIItIUIID

sw_element:(input) thecurve to be evaluated.

*

END_SCHEMA; -- building_design_schema
(*
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6 Conformance requirements

©ISO

Conformance to this part of ISO 10303 includes satisfying the requirements stated in this part, the

requirements of the implementation method(s) supported, and the relevant requireme
normative references.

nts of the

Ap implementation shall Support at least one of the following iImplementation metnods:

— ISO 10303-21.

Requirements with respect to implementation method-specific requirements aré)specified i

T
C(
in

e Protocol Implementation Conformance Statement (PICS) proformaslists the optio
mbinations of options that may be included in the implementation. The-PICS proforma is
annex D.

N annex C.

ns or the
provided

T
T
di
le

nis part of ISO 10303 provides for a number of options that may;be supported by an imple
nese options have been grouped into the following conformance classes. Conformance

stinguished principly by the support of several levels of-geometric complexity. The three
vels of geometric complexity are:

— Faceted - geometric representations composed of lines and planes;

— Elementary - geometric representations- composed faceted elements and the following
surfaces: circles, ellipses, hyperbolas, patabolas, b-spline curves, conical surface, cylindri
spherical surface, and toroidal surface;

— Advanced - geometric representation composed of elementary elements and b_splin
The following information isdacluded in each conformance class:

— building element-and component property, classification, and administration informa

EXAMPLEE:38 - An element may be characterized (or described) as a Structure_enclosure_e
as a beam. A component may be characterized as a Negative_component and a window ope

—"huilding composition and spatial arrangement of building elements.

— building elefment and component characterization and element assembly information;

entation.
a class is
dentified

curves and
Cal surface,

e surfaces.

on,

ement and
ning.

The conformance classes are characterized as follows:

Class 1 Building element and component property, classification, identification, and administration
information; building composition and building element spatial arrangement; single level assemblies;
and building element and component shape using faceted geometric shape representations.
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Class 2 Building element and component property, classification, identification, and administration

information; building composition and building element spatial arrangement; single level as
and building element and component shape using faceted shape representations.

semblies;

NOTE - The term "geometti shape representation” encompasses both geometric sets and b-reps.
Omission of the word "geometric" implies that in addition to geometric sets and b-re
representations are also included.

information; building composition and building element spatial arrangement; single levelas
ilding site shape; and building element and component shape using faceted, ‘and

ilding site shape; and building element and component shape using. faceted and eleme
presentations.

Class 5 Building element and component property, classification, identification, and admin
information; building composition and building element spatial arrangement; single level as
ilding site shape; and building element and componént shape using faceted, eleme
aglvanced geometric shape representations.

ass B8 Same as Class 1 except that it includes multi-level assemblies.
ass 7 Same as Class 2 except that it includes multi-level assemblies.
ass 8 Same as Class 3 except that it includes multi-level assemblies.

C

C

C

Class 9 Same as Class 4 except-that it includes multi-level assemblies.

Class 10 Same as Class 5 except that it includes multi-level assemblies.
_C

ass 11 Building compgsition and arrangement of spaces; spaces and space property, cla

identification, and administration information; and space shape using faceted and ground
representations.

Class 12 Building composition and arrangement of spaces; spaces and space property, clg
identification,” and administration information; and space shape using faceted, ground
elementary space representations.

ps, CSG

Histration

semblies;
blementary

istration
semblies;
ntary shape

istration
semblies;
bntary, and

ssification,
face space

ssification,
face, and

Class 13 Building composition and arrangement of spaces; spaces and space property, clg

ssification,

identification, and administration information; and space shape using faceted, ground face, elementary,

and advanced space representations.
Class 14 Building complex and surrounding grounds shape and position.

Table 14 specifies the application objects that are included in each conformance class.

2
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Table 14 - Conformance classes

Application objects

10

11

12

13

14

advanced_b_rep

advanced_curve

advanced_face_ with_thickness

©ISO

advanced_shell

approval

block

building

building_complex

building_document_reference

X

x

x

building_element

building_element_component

building_item

building_item_identification

building_level

building_position_in_complex

building_section

change_request

X [ X | X [X | X | X [X

X | X | X | X [X | X |X

X | X | X | X [X | X |X

component_location_in_elemen

o

component_shape

X IXAX [ X | X | X | X [ X [X [X|X|X[X

x

X

X

component_shape_representati

=]
X

X I X I X X [X | X | X | X |X[X[X|[|X]|X]|X]|X|[X

X IX I X | X [X | X |XYX [X[X[X]|X]|X[X

X I X | X | X [X | X | X | XAX [X[X|[|X|X|X]|X[X

elementary_b_rep.

elementary~curve

elementary face_with_thickness$

b

X IX X [X | X | X | XX [X[X|X|X[|[X|X[X]|X]|X

X [ X |IX |X [X [ X [X | XPIX | X [X|X|X|X|[X|X]|X]|X]|X

X IX X [X | X | X |X|X[X[X|X|X[|X][|X[X]|X]|X

XX X [X | X |X|X|X[X[X]|X]|XAX | X [X |X |X

X [ X | X | X [X [ X [X |X[X[|X[X|X[X]X|[X|X]|X]|X]|X

XX |IX X [ X [X X |X[X[|X[X]|X|[X][|X{X]|X]|X

elementary_shell

facet_trigon

222

faceted—b_Tep

faceted_curve

faceted_face_with_thickness

faceted_shell

faceted_surface_representation

fixture_equipment_element
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Table 14 - Conformance classes (continued)

Application objects 112|13|4|5|6|7|8|9|10(f11|12) 13| 14

gis_position XXX X[X]|X[X]|X[X] X | X | X ]| X|[X

ground_face X | X ] X

item assembly 1]11j1f{1]1f2]2|2]2]| 2 1 1 1

item_classification XIX|X[X]|X[X]|X[X]X| X ]| X ] X|X

item_group 11111111 1|2|2|2|2]| 2 1 1 1

item_position_in_section XXX X]|X]|X]|X]X]X] X X X X

item_proximity_relationship XIX|X[X]|X[X]|X[X]|X]| X ]| X ] Xx\PX

level_position_in_section XIX]|X[X]X[X]X[X]X] X | X\PX [ X

negative_component XXX X]X]X]|X]X]X] X

opening XXX X[X]|X[X]X|XEX

placement XIX|X[X]X[X]X[XIJX| X | X ]| X[ X

point X

point_and_line_representation X

polyline X

positive_component X|IX|X{XIX[X]|X[X]|X]| X

property XIX XX X[ X[X[X|X]| X ]| X ]| X]|X

recess XXX | XX X[X]X[X] X

right_circular_cylinder X X

section_position_in_building XIX|X[X]|X[X]|X[X]|X| X ]| X ] X|X

service_element X|IX|X[X]|X[X]X[X]X]|] X

simple_curve XXX | X[X]|X[X]|X[X] X[ X]|]X]X

site_shape~representation X

solid_ef.linear_extrusion X X X X

selidof _revolution X X

space X X X

Structure_enclosure_element | X | X [ X | X | X | X [ X | X | X | X

sublevel X[IX[X[X[X[X[X[X[X] X X X X

trimmed_sphere X X

trimmed_torus X X

truncated_cone X X

truncated_pyramid X X X X
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Conformance classes 1 through 5 differ from 6 through 10 according to the following legend:
1 — Only single level assemblies and groups are allowed;
2 — Nested assemblies and groups are allowed.

Conformance to a particular class requires that all AIM elements defined as part of that class be
supported. Table 14 defines the classes to which each AIM element belongs.

NOTE - ISO 10303-32% defines the abstract test suite to be used in the assessment of confornlance. ISO
10303-32 describes the conformance assessment process.
Table 15 specifies the AIM elements are included in each conformance class.
Table 15 - Conformance class elements
Class
AIM entity 1123 4|5[678]9]10]11|12(13(14

action XX X[ X[XYX]|X]X]X]|X|[X|X]X
action_assignment XX ]IX]IXIX]| X X[X]X]|X[X]X]|X
action_method XX ]X[X[X]X]X[X]X]|X[X]X]|X
action_request_solution XXM IX[X[X]|X]X]X]|X|[X|X]X
gction_request_status XEX | X | X | X[ X[ X|X]|X]|X]|X]|X]|X
advanced_brep_building_shape_representation X X
advanced_csg_shape_representation X X
gdvanced_face X X
advanced_face_with_thickness/shape._- X X
representation
advanced_space_boundary’ shape_representatipn X
advanced_wire_shap€) representation X | XX X | XX
application_caontext X[ X]IX[X[X]X|X[X]X]|X[X]X]|X]|X
application.context_element XXX X[X]X|IX[X]X]X[X]X]|X]|X
application_protocol_definition XXX X[X]X|X[X]X]X[X]X]|X]|X
approval_assignment XXX X[X]X[|X[X]X]|X[X]X]|X
approval_date_time XXX X[X]X|X[X]X]|X[X]X]|X
approval_person_organization XX X[X[X]X|X[X]X]|X[X]X]|X

YTo be published
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Table 15 - Conformance class elements (continued)

Class

AIM entity 112 3|4|5(6|78]|]9]]10]11|12(13|14
approval_role XXX X[X]X[|X[X]X]|X[X]X]|X
approval_status XXX X[ X[ X|X]|[X]|X[X]|X]|X]X
assembly_component_usage XXX X[X]X]|X|[X]X]| X[ X] XAX
axisl_placement X | X X | X
axis2_placement_2d X X
axis2_placement_3d XXX X[X]X]|X[X]XAX|[X]X]|X
b spline_curve X[ X]X X (> X X | X
b spline_curve_with_knots X | XX X | XX X | X
h spline_surface X X X
b spline_surface_with_knots X X X
bezier_curve X [ X X X[ X]X X | X
bezier_surface X X X
block X X X X
hoolean_result X X X X
boundary_curve X X X X
bBounded_curve X X | X X X | X X
hounded_surface X X
brep_with_voids X[ X ] X X[ X]X
huilding XX X[ X[X[X]|X]X]X]|X[X|X]X
building_complex XXX X[X]X|X[X]X]X[X]X]|X]|X
huilding_component_ Tlassification_assignment | X | X | X | X [ X [ X | X [ X [ X | X | X [ X | X
huilding_compaonent_classification_group XXX X[X]X|X[X]X]|X[X]X]X
huilding_.design_approval XXX X[X]X]X[X]X]|X[X]X]|X
huilding’ design_date_assignment XX ]X[X[X]X|X[X]X]|X[X]X]|X
#dhmg—destgmorganizatiom—assignment H—HTH AT | X
building_design_person_and_organization_- XXX X[X]X|X[X]X]|X[X]X]|X
assignment
building_design_person_assignment XXX X[X]X]X[X]X]|X[X]X]|X]|X
building_document_reference XX X[ X[X]X[|X[X]X]|X[X]X]|X
building_element XXX X[X]X]|X[X]X]|X
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Table 15 - Conformance class elements (continued)

©ISO

Class

AIM entity

[EnY

N

w

N

(€]

»

7

8

©

=
o

[EEY
[

[EEY
N

=
w

14

building_element_assembly

building_element_group

huilding_item_identification_assignment

building_level

huilding_section

calendar_date

cartesian_point

cartesian_transformation_operator

cartesian_transformation_operator_3d

change

characterized_object

X [ X I X [ X | X [ X | X [X|X X [X

X [ X | X [X | X [ X | X [X|X X [X

X [ XX [ X | X [ X | X [X|X X [X

X [ X IXX | X [ X | X [ X | X [X[X

X [X X [X | X | X [XpX | X X [X

grcle

dassification_table

x

dosed_shell

X [X X [X | X | X | X [X |[X |X|XOX (X |X

X X X [X IX IX X [X|IXIX|XIX[IX|X

composite_curve

composite_curve_on_surface

composite_curve_segment

X [ X XX [ X

X [ X | X [>%| X

X [ X | X | X [X

X [ X | X | X [X

cpnic

conical_surface

connected_face_set

conversion_based~unit

X [X|IX X [X X [X|X[XKe| X [X X [|X|X|[X[|[X]|X]|X]|X[IX]|X

XX |IX X [X X [X|X[X|X[X]X]|X|X[L[X|[X|X|X]|X|[X]|X

¢sg_solid

aurve

X [X|IX [X X [X X [X[|X[|X[X|X[X/AX[X|X[X|X|[X]|X[X]X]X

XXX [X X [X X [X[|X|X[X|X[X]|X[X]X[X]|X|[X]|X[X]X]X

curve\bounded_surface

X [ X | X | X | X

XXX [X|IX[X[X|X|X|X[X|X[XALX[X]|X[X]|X][X[X[X]|X]X[X

X [ X | X | X | X

X AX|IX|IX|IX[X[X|X|X|X[X|X[X]|X[X]X[X]XALX[X[X]|X]|X[X

curve_reptica

N

N

N

N

N

N

cylindrical_surface

date

date_assignment

date_role

X [ X | X | X

X [ X | X | X

X [ X | X | X

X [ X | X | X

X [ X | X | X

X [ X | X | X

definitional_representation

X [ X | X [X | X

X [ X | X [X | X
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Table 15 - Conformance class elements (continued)

Class

AIM entity 112 3|4|5(6|78]|]9]]10]11|12(13|14
degenerate_toroidal_surface X X
derived_unit XXX X[X]X]|X[X]X]|X
derived_unit_element XX X[X[X]X]|X[X]X]|X
descriptive_representation_item XXX X[X]X]X[X]X]|X|[XPN] X[ X
dimensional_exponents XX X[X[X]X[|X[X]X]|X
direction XXX X[X[X[IX]|X]XAX]| X[ XX
document XXX X[X]X]X[XIX|X|[X]X]|X
document_reference XX | X[ X[X[X]|X(X]X]|X[X|X]X
document_type XXX X[X]X¢gX|[X]X|X[X]X]|X
document_usage_constraint XXX XXX X[X]X]|X[X]X]|X
gdge XX XXM XXX X]|X|[X[|X]X
gdge_curve X X[ XX X[ XXX X]|X[X[|X]X
gdge_loop X[ XPMX| X[ XX X[X]X]|X[X]X]|X
glementary_csg_shape_representation X X
elementary_face_with_thickness_shape_- X[ X]X X[ X]X
representation
glementary_geometric_shape_representation X[ X]X X[ X]X
glementary_space_boundary_shape_representation X | X
dglementary_wire_shape_representation X[ XX X[ XX
glementary_surface X[ X]X X[ X]X
dllipse X[ X]X X[ X]X X | X
extruded_area_solid X X X X
face XX | X[ X[X[X]IX]|X]|X]|X[X[X]|X] X
face_bound XX | X[ X[X[X]IX]|X]|X]|X[X[X]|X] X
faceJouter_bound XX X[X[X]X|X[X]X]|X[X]X]|X]|X
face_surface XXX X[X]X]|X[X]X]|X
faceted_brep X X X | X X X
faceted_csg_shape_representation X X X X
faceted_face_with_thickness_shape_representafiod | X | X [ X | X | X [ X | X | X | X
faceted_geometric_shape_representation XXX X[X]X]|X[X]X]|X
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Table 15 - Conformance class elements (continued)

Class
AIM entity

1123|4567 (8|9]10]|11]12]13
faceted_space_boundary_shape_representation X[ X]X
faceted_wire_shape_representation XXX X[X]X]|X[X]X]|X
fixture_equipment_element XX X[X[X]X]|X[X]X]|X
flinctionally_defined_transformation XX | X[ X[X|[X]|X]X]X]|X|[XPMN]X
geometric_curve_set X
geometric_representation_context XXX X[X]X]IX[X]XAX|[X]X]| X[ X
geometric_representation_item XX ]X[X[X]X]X[XIX|X|[X]X]| X[ X
geometric_set X
global_unit_assigned_context XXX X[X]X¢gX|[X]|X]|X[X]X]|X]|X
ground_face_space_boundary_shape_representation X[ XX
group XX XXM XXX X]|X|[X[|X]X
group_assignment X X[ XX X[ XXX X]|X[X[|X]X
half_space_solid X X X X
hyperbola X | X | X X | X|X X | X
intersection_curve X X
lgngth_measure_with_unit XX | X[ X[X[X|X]|X]X]X
I¢ngth_unit X | X | X[ X| X[ X|X]|X]|X]X
line XX X[ X[X[X[X]|X]X]X]|X|[X]|X
loop XX | X[ X[X[X|IX]X]X]X
r]lanifold_solid_brep X X
r+apped_item XXX X[X]X|X[X]X]|X[X]X]|X
rl\easure_representation_item XXX X[X]X]|X[X]X]|X
rLeasure_With_unit XX X[X[X]X]|X[X]X]|X
nameé. assignment XX X[ X[X[X]|X]X]X]|X[X|X]X
named—umit KT AT AT AT AT AT AT AT ATX
negative_component X[ X[X|[X]|X]|X]|X]|X]|X|X
offset_curve_3d X X
open_shell
opening XX X[X[X]X]|X[X]X]|X
ordinal_date XXX X[X]X|X[X]X]|X[X]X]|X
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Table 15 - Conformance class elements (continued)

AIM entity

Class

7

81 9(10]11]|12(13] 14

organization

organization_assignment

grganization_role

grganizational_project

griented_closed_shell

(@)

riented_edge

griented_face

X [ X | X [X | X X [X

X [ X | X [X | X X [X

X [ X I X [X | X X [X

X [ X I X [X | X X [X

X [ X I X [X | X X [X

X [ X | X [X | X X [X

X [ X | X [X | X X [X

X [ X I X [X | X X [X
K X | X [ X | X X [X
XXX [ X X X [ X
X[ X XREpX | X X [ X
X[ XX XXX X [ X
X [ X | X [X | [X [X

(@]

riented_open_shell

griented_path

x

x

guter_boundary_curve

parabola

parametric_representation_context

path

dcurve

person

person_and_organization

person_and_organization_assignment

person_and_organization_role

person_assignment

person_role

placement

plane

X [X | X [ X | X [X | X [X

X [X | X [ X | X [X | X [X

X [X | X [ X | X [X | X [X

X [X | X [ X | X [X | X [X

X [X | X [ X | X [X | X [X

plane_anglevmeasure_with_unit

planesangle_unit

X [ X I X | X | X [X [ X |X|X|X

X [ X | X | X | X [X X |X|X|X

X [ X I X | X | X |X [X |X[X|X[X]|X[X]X

X [ X X | X | X |X [X |X[X|X[X]|X[X]X

X [ X | X | X | X [X X |X|X|X
X [ X | X | X | X [X X |X|X|X
X [ X | X | X | X [X X |X|X|X
X X I X [X I X [ X | X |IX X |X

it

N

N

N

N

N

N

N

N
N
N
N
N
N
x

poly_loop

polyline

X [ X
X [ X
x

positive_component

product

product_category

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X

X [ X | X [X | X
X [ X | X [X | X
X [ X | X [X | X
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Table 15 - Conformance class elements (continued)
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AIM entity

Class

[EnY

N

w

N

(€]

»

7

8

©

=
o

[EEY
[

[EEY
N

=
w

product_category_relationship

product_context

product_definition

product_definition_context

product_definition_formation

X [ X | X | X

product_definition_relationship

product_definition_shape

product_definition_usage

product_related_product_category

property_definition

property_definition_representation

X [ X I X [ X | X [ X | X [X|X X [X

X [ X | X [X | X [ X | X [X|X X [X

X [ X | X [ X | X [ X [ X [X|X X [X

X [ X I X [ X | X [ X | X [X|X X [X

X [ XX [ X | X [ X | X [X|X X [X

X [ X IXX | X [ X | X [ X | X [X[X

XXX [ X [ X | X [ X | X [X [X

XXX [X |IPKAX | X [ X | X [X [X

X [X X [X | X | X [XpX | X X [X

X [X X [X | X [ X | X [XLX [X [X

X X I X [ X I X I[X | X [X |IX [X[X

quasi_uniform_curve

quasi_uniform_surface

—

htional_b_spline_curve

—

htional_b_spline_surface

PCESS

=

pctangular_composite_surface

—

pctangular_trimmed_surface

—

bpresentation

—

apresentation_context

=

ppresentation_item

—

bpresentation.map

—

bpresentation_relationship

—

bpresentation_relationship_with_transformation

X [X | X | X | X | X

X [ X | X | X | X | X

X [ X | X | X | X | X

X [ X | X | X | X | X

X AX XXX [X[X|X|X|X[X|X[X]XAX | X [X | X [X [X [X |X |X [X

X [X | X | X | X | X

X [ X | X | X | X | X

X [ X | X | X | X | X

X [X | X | X | X | X

XXX IX|IX[X[X|X|X|X[X|X[X]|X[X]|X[X]|X[X|X[X]|X]JX[X

X [ X | X | X | X | X

X [ X | X | X | X | X

X [ X | X | X | X | X

X [ X | X | X | X | X

f

1 ! Ll
CVUIVEU_dita_sSUlu

N

N

right_circular_cone

right_circular_cylinder

service_element

shape_aspect

shape_aspect_relationship

X [ X | X [X | X

X [ X | X [X | X
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Table 15 - Conformance class elements (continued)

Class
AIM entity

112 3|4|5(6|78]|]9]]10]11|12(13|14
shape_definition_representation XXX X[X]X[|X[X]X]|X[X]X]|X
shape_representation XXX X[X]X|X[X]X]X[X]X]|X]|X
g_unit XX | X[ X[X[X|IX]X]X]X
Sjte XX | X[ X[X[X]IX]|X]X]| XXX X] X
sjte_representation X
splid_model XXX X[X]X]|X|X] XAX
space_element X[ X ] X
sphere X X
spherical_surface X[ X]X X[ X]X X | X
structure_enclosure_element XXX X[ X4X]|X[X]X]|X
surface XXX XM X X[X]X]X[X]X]|X
surface_curve X X
surface_of linear_extrusion X X | X X X | X
surface_of_revolution X | X X | X
surface_patch X X
swept_area_solid X X X X
swept_surface X X | X X X | X
t-PpoIogical_representation_item XXX X[X]X|IX[X]X]X[X]X]|X]|X
t-l)roidal_surface X[ X]X X[ X]X X | X
t+rus X X
trlimmed_curve XX X[X[X]X]|X[X]X]|X
tlluncated_pyramid X X X X
uniform_cutve X X
Uniferm ‘surface X X
ctor KT AT AT AT AT AT AT AT AT AT AT AT A | X
versioned_action_request XXX X[X]X|X[X]X]|X[X]X]|X
vertex XX X[ X[X[X]|X]X]X]|X[X|X]X
vertex_loop XX X[ X[X[X]|X]X]X]|X[X|[X]X
vertex_point XX X[ X[X[X]|X]X]X]|X[X|X]X
week_of_year_and_day_date XXX X[X]X|X[X]X]|X[X]X]|X
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Annex A
(normative)

AIM EXPRESS expanded listing

The following EXPRESS is the expanded form of the short form schema given in 5.2. In the event
of any discrepancy between the short form and this expanded listing, the expanded listing shall be
used

*

SCHEMA building_design_schema;

TYPE axis2_placement = SELECT
(axis2_placement_2d,
axis2_placement_3d);

END_TYPE,; -- axis2_placement

TYPE b_spline_curve_form = ENUMERATION OF
(polyline_form,
circular_arc,
elliptic_arc,
parabolic_arc,
hyperbolic_arc,
unspecified);
END_TYPE; -- b_spline_curve_form

TYPE b_spline_surface_form = ENUMERATION OF
(plane_surf,
cylindrical_surf,
conical_surf,
spherical_surf,
toroidal_surf,
surf_of_revolution,
ruled_surf,
generalised_cone,
quadric_surf,
surf_of linear_extrusion,
unspecified);
END_TYPE; -- b_spline.surface form

TYPE boolean_operand = SELECT
(solid_model,
half_space_solid,
csg_primitive,
boolean<result);
END_TYRE;~-- boolean_operand

TYPE “boolean_operator = ENUMERATION OF
(union,
intersection,
gifference):

END_TYPE; -- boolean_operator

TYPE building_component_classification_item = SELECT
(negative_component,
positive_component,
opening,
recess);
END_TYPE; -- building_component_classification_item

TYPE building_design_approval_item = SELECT
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(building_element_assembly,
building_element,
fixture_equipment_element,
service_element,
space_element,
structure_enclosure_element,
change,
positive_component,
negative_component);

END_TYPE; -- building_design_approval_item

©ISO

TYPE building_design_change_item = SELECT
(identified_item,
resulting_item);

END_TYPE; -- building_design_change_item

TYPE building_design_date_item = SELECT
(versioned_action_request);
END_TYPE; -- building_design_date_item

TYPE building_design_organization_item = SELECT
(building,
building_complex,
building_item_identification_assignment,
versioned_action_request);

END_TYPE; -- building_design_organization_item

TYPE building_design_person_and_organization_item = SELECT
(versioned_action_request);
END_TYPE; -- building_design_person_and_organizatien_item

TYPE building_design_person_item = SELECT
(building,
building_item_identification_assignment,
versioned_action_request);

END_TYPE; -- building_design_person. (tem

TYPE building_document_item = SELECT
(negative_component,
positive_component,
building_element,
fixture_equipment_element,
service_element,
space_element,
structure_enclosure_element,
building_compenrent_classification_group,
product_category);

END_TYPE, > building_document_item

TYPE characterized_definition = SELECT
(characterized_object,
Gharacterized_product_definition,
shape_definition);

END_TYPE; -- characterized_definition

TYPE characterized_product_definition = SELECT
(product_definition,
product_definition_relationship);

END_TYPE,; -- characterized_product_definition

TYPE csg_primitive = SELECT
(sphere,
block,
torus,
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right_circular_cone,
right_circular_cylinder);
END_TYPE; -- csg_primitive

TYPE csg_select = SELECT
(boolean_result,
csg_primitive);

END_TYPE; -- csg_select

TYPE curve_on_surface = SELECT
(pcurve
surface_curve,
composite_curve_on_surface);
END_TYPE; -- curve_on_surface

TYPE date_time_select = SELECT
(date);
END_TYPE; -- date_time_select

TYPE day_in_month_number = INTEGER;
END_TYPE,; -- day_in_month_number

TYPE day_in_week_number = INTEGER;
WHERE

wrl: (1 <= SELF) AND (SELF <= 7);
END_TYPE; -- day_in_week number

TYPE day_in_year_number = INTEGER,;
END_TYPE, -- day_in_year_number

TYPE dimension_count = INTEGER,;
WHERE

wrl: SELF > O;
END_TYPE; -- dimension_count

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

END_TYPE,; -- geometric_set_select

TYPE identified_item = SERECT
(building_element,
fixture_equipment-element,
service_element,
space_element,
structure_enclosure_element,
building_tevel,
building_Section,
positive. component,
negative_component);

ENDURYPE; -- identified_item

TYPE identifier = STRING;
END_TYPE,; -- identifier

TYPE knot_type = ENUMERATION OF
(uniform_knots,
unspecified,
qguasi_uniform_knots,
piecewise_bezier_knots);
END_TYPE; -- knot_type

TYPE label = STRING;
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END_TYPE; -- label

TYPE length_measure = REAL;
END_TYPE; -- length_measure

TYPE list_of reversible_topology _item = LIST [0:?] OF
reversible topology item;
END_TYPE; -- list_of reversible_topology_item

TYPE measure_value = SELECT
(length_measure

©ISO

plane_angle _measure,

parameter_value,

positive_length_measure);
END_TYPE; -- measure_value

TYPE month_in_year_number = INTEGER;
WHERE

wrl: (1 <= SELF) AND (SELF <= 12);
END_TYPE; -- month_in_year _number

TYPE parameter_value = REAL;
END_TYPE,; -- parameter_value

TYPE pcurve_or_surface = SELECT
(pcurve,
surface);

END_TYPE; -- pcurve_or_surface

TYPE person_organization_select = SELECT
(person,
organization,
person_and_organization);

END_TYPE; -- person_organization_select

TYPE plane_angle_measure = REAL;
END_TYPE; -- plane_angle_measure

TYPE positive_length_measure = jlength_measure;
WHERE

wrl: SELF > O;
END_TYPE; -- positive_length_measure

TYPE preferred_surfacecurve_representation = ENUMERATION OF
(curve_3d,
pcurve_s1,
pcurve_s2);

END_TYPE, > preferred_surface_curve_representation

TYPE resulting_item = SELECT
(building_element,
fixture_equipment_element,
service_element,
space element,

structure_enclosure_element,

positive_component,

negative_component);
END_TYPE; -- resulting_item

TYPE reversible_topology = SELECT
(reversible_topology_item,
list_of reversible_topology_item,
set_of_reversible_topology_item);
END_TYPE; -- reversible_topology
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TYPE reversible_topology_item = SELECT
(edge,
path,
face,
face_bound,
closed_shell,
open_shell);

END_TYPE; -- reversible_topology_item

TYPE set_of reversible_topology item = SET [0:?] OF
reversible topology_item:;

ISO 10303-225:1999(E)

END_TYPE,; -- set of reversible_topology item

TYPE shape_definition = SELECT
(product_definition_shape,
shape_aspect,
shape_aspect_relationship);

END_TYPE; -- shape_definition

TYPE shell = SELECT
(open_shell,
closed_shell);

END_TYPE,; -- shell

TYPE si_prefix = ENUMERATION OF
(exa,
peta,
tera,
giga,
mega,
kilo,
hecto,
deca,
deci,
centi,
milli,
micro,
nano,
pico,
femto,
atto);
END_TYPE; -- si_prefix

TYPE si_unit_name ,= ENUMERATION OF

(metre,
gram,
second,
ampere,
kelvin,
mole;
candela,
radian,
steradian,
hertz,

newton,
pascal,
joule,
watt,
coulomb,
volt,
farad,
ohm,
siemens,
weber,
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tesla,
henry,
degree_celsius,
lumen,
lux,
becquerel,
gray,
sievert);
END_TYPE; -- si_unit_name

TYPE supported_item = SELECT

©ISO

(action,
action_method);
END_TYPE; -- supported_item

TYPE text = STRING;
END_TYPE, -- text

TYPE transformation = SELECT
(functionally_defined_transformation);
END_TYPE; -- transformation

TYPE transition_code = ENUMERATION OF
(discontinuous,
continuous,
cont_same_gradient,
cont_same_gradient_same_curvature);
END_TYPE, -- transition_code

TYPE trimming_preference = ENUMERATION
(cartesian,
parameter,
unspecified);

END_TYPE; -- trimming_preference

TYPE trimming_select = SELECT
(cartesian_point,
parameter_value);

END_TYPE; -- trimming_select

TYPE unit = SELECT
(named_unit,
derived_unit);

END_TYPE; -- unit

TYPE vector_ordirection = SELECT
(vector,
direction);

END_TYPE; - vector_or_direction

TYPE<«week_in_year number = INTEGER,;
WHERE

wrl: (1 <= SELF) AND (SELF <= 53);
END TYPE; -- week in year number

OF

TYPE year_number = INTEGER,;
END_TYPE; -- year_number

ENTITY action;
name . label;
description . text;
chosen_method : action_method;
END_ENTITY; -- action
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ENTITY action_assignment
ABSTRACT SUPERTYPE;
assigned_action : action;
END_ENTITY; -- action_assignment

ENTITY action_method;
name . label;
description : text;
consequence : text;
purpose . text;
END_ENTITY; -- action method

ENTITY action_request_solution;
method : action_method;
request : versioned_action_request;
END_ENTITY; -- action_request_solution

ENTITY action_request_status;
status . label;
assigned_request : versioned_action_request;
END_ENTITY; -- action_request_status

ENTITY advanced_brep_building_shape_representation
SUBTYPE OF (shape_representation);
WHERE
wrl: SIZEOF(QUERY ( it <* SELF.items | (NOT ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.MANIFOLD, SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.FACETEDR, BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2-PLACEMENT_3D’] * TYPEOF(it)) =
1) OR (it.name = 'reference cutve’))) )) = O;
wr2: (SIZEOF(QUERY ( it <* SELF.items*}\ (SIZEOF([
'BUILDING_DESIGN_SCHEMA,MANIFOLD_SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM?] * TYPEOF(lt)) 1) )
>= 1) OR ((2 <= SIZEGE(QUERY ( it <* SELF.items | (it.name =
'reference curve) D). AND (SIZEOF(QUERY ( it <* SELF.items
| (t.name = ’'reference curve’) )) <= 3));
wr3: SIZEOF(QUERY ( msb &% QUERY ( it <* SELF.items | (
'BUILDING_DESIGN' SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOK(it)) )
| (NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (
SIZEOF(QUERY" ( fcs <* csh.cfs_faces | (NOT (
'BUILDINGDESIGN_SCHEMA.ADVANCED_FACE’ IN TYPEOF(fcs))) )) =
0) ) &,9) ) =0
wrd: SIZEOF(QUERY ( msb <* QUERY ( it <* items | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’ IN TYPEOK(it)) )
[\(CBUILDING_DESIGN_SCHEMA.ORIENTED_CLOSED_SHELL’ IN
TYPEOF(msb.outer)) )) = 0;
wr5: SIZEOF(QUERY ( brv <* QUERY (it <*items | (
'BUILDING_DESIGN_SCHEMA.BREP_WITH_VOIDS’ IN TYPEOF(|t)) ) |
(NOT (SIZEOF(QUERY ( csh <* brv.voids | csh.orientation )) =
0))) = 0;
wr6: SIZEOF(QUERY ( mi <* QUERY ( it <* items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF(it) ) ) | (
NOT ((BUILDING_DESIGN_SCHEMA." +
"ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION’) IN TYPEOF(mi
.mapping_source.mapped_representation))) )) = O;
wr7: SIZEOF(QUERY ( it <* SELF.items | ((it.name = ’'reference curve’)
AND (NOT ((BUILDING_DESIGN SCHEMA POLYLINE’ IN TYPEOK(it))
OR ((BUILDING_DESIGN SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING_DESIGN_SCHEMA. CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =
END_ENTITY; -- advanced_brep_bundmg_shape_representation

ENTITY advanced_csg_shape_representation
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SUBTYPE OF (shape_representation);
WHERE

wrl: SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOF(]
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT _3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’] * TYPEOF(item)) = 1)
OR (item.name = 'reference curve’))) )) = O;

wr2: SIZEOF(QUERY ( item <* SELF.items | (SIZEOF([
‘BUILDING_DESIGN_SCHEMA.CSG_SOLID’
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID',
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM?] * TYPEOF(ltem)) =
>= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =

'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items
| (t.name = ’'reference curve’) )) <= 3));

wr3: SIZEOF(QUERY ( item <* SELF.items | ((
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’ IN TYPEOF(item)) AND (
NOT valid_advanced_csg tree(ltem\csg solid.
tree_root expressmn))) ) =

wrd: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items (Y
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN-TYPEOF(item) ) ) | (
NOT (
'BUILDING_DESIGN_SCHEMA.ADVANCED_CSG: SHAPE_REPRESENTATION’
IN TYPEOF(mi\mapped_item. mapplng source.
mapped_representation))) )) =

wr5: SIZEOF(QUERY ( it <* SELF.items | ((|t name = ’reference curve’)

1))

AND (NOT ((BUILDING_DESIGN_SEHEMA.POLYLINE' IN TYPEOF(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED CURVE’ IN TYPEOF(it))
AND ('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve))))) )) = O;

END_ENTITY; -- advanced_csg_shape_représentation

ENTITY advanced_face
SUBTYPE OF (face_surface);
WHERE

wrl : SIZEOF('BUILDING(DESIGN_SCHEMA.ELEMENTARY_SURFACE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_SURFACE’,
'BUILDINGDESIGN_SCHEMA.SWEPT_SURFACE’'] * TYPEOF(
face_geomeétry)) = 1;

wr2 : SIZEOF(QUERY ( eIp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| \(NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT ('BUILDING_DESIGN SCHEMA EDGE_CURVE’ IN
TYPEOF(oe. edge element))) )) = 0)) )) =

wr3 : SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT (SIZEOF(BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC',
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.SURFACE_CURVE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] * TYPEOF(oe.
edge_element\edge_curve.edge_geometry)) = 1)) )) = 0)) )) =
0;

wrd : SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* SELF.bounds | (
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT" IN
TYPEOF(oe.edge_start)) AND (
'BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT' IN TYPEOF(oe.
edge_start\vertex_point.vertex_geometry)) AND (
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'BUILDING_DESIGN_SCHEMA.VERTEX_POINT’

IN TYPEOF(oe.edge_end))

AND ('BUILDING_DESIGN_SCHEMA.CARTESIAN POINT IN TYPEOF(oe.
edge_end\vertex_point.vertex_geometry)))) )) = 0)) )) =

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

'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| (BUILDING_DESIGN SCHEMA ORIENTED_PATH’ IN TYPEOK(
elp_fbnds.bound)) )) =

(NOT ('BUILDING_DESIGN SCHEMA SWEPT_SURFACE’ IN TYPEOF(
face_geometry))) OR™ (SIZEOF('BUILDING_DESIGN_SCHEMA.LINE’,
‘BUILDING_DESIGN_SCHEMA.CONIC’

wr7

wr8 :

wr9

WHERE

. SIZEOF(QUERY ( vip_fbnds <* QUERY ( bnds <* SELF bounds | (

wrl0: ((NOT (BUILDING DESIGN SCHEMA SWEPT_SURFACE’ IN TYPEOF(

END_ENTITY; ~—_advanced_face

ENTITY advanced_face with_thickness_shape_representation
SUBTYPE OF (shape_representation, solid_model);

wrl: SIZEOF(SELF.items) = 2;
wr2: SIZEOF(QUERY ( item <* SELF.items | ((SIZEOF(]

'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE CURVE] * TYPEOF(
face_geometry\swept_surface.swept_curve)) =

'BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’ IN TYPEOF(bnds:bound)) )
| (NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT' IN TYPEOF(
vlp_fbnds\face_bound.bound\vertex_loop.loop_vertex)) AND (

'BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT' IN TYPEOF(
vip_fbnds\face bound.bound\vertex Ioop loop_vertex\
vertex_point.vertex_geometry)))) )) =

SIZEOF(QUERY ( bnd <* SELF.bounds | (NOT (SIZEQF([
'BUILDING_DESIGN_SCHEMA.EDGE_LOOFP’,
'BUILDING_DESIGN_SCHEMA. VERTEX_LOOP’] * TYPEOF(bnd.bound))
= 1)) = 0;

SIZEOF(QUERY ( eIp fonds <* QUERY ( bnds/<* SELF.bounds | (
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elg_ fbnds.bound\path.
edge_list | ((BUILDING_DESIGN_SCHEMA.SURFACE_CURVE’ IN
TYPEOF(oe.edge_element\edge_cutvé.edge_geometry)) AND (NOT
(SIZEOF(QUERY ( sc_ag <* oe/edge element\edge_curve.
edge_geometry\surface_curve.associated_geometry | (NOT (
'BUILDING_DESIGN SCHEMA PCURVE’' IN TYPEOF(sc_ag))) ))
=0)))) =0)) =

face_geometry))) OR ((NOT ('BUILDING_DESIGN_SCHEMA.POLYLINE’
IN TYPEOF(face_geometry\swept_surface.swept_curve))) OR (
SIZEOF(face_geometry\swept_surface.swept_curve\polyline.

points) < 3)) (AND (SIZEOF(QUERY ( elp_fbnds <*

QUERY ( bnds” <* SELF.bounds | (
'BUILDINGYDESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.bound)) )
| (NOT~(SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.

edge(list’| ((BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF(
oe-edge_element\edge_curve.edge_geometry)) AND (NOT (
SIZEOF(oe.edge_ element\edge curve.edge_geometry\polyline.

points) < 3))) )) = 0)) )) = 0);

'BUILDING_DESIGN_SCHEMA.MEASURE_REPRESENTATION_ITEM’,

'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE_WITH_UNITT] * TYPEOF(
item)) = 2) AND (item.name = 'thickness’)) )) = 1,

wr3: SIZEOF(QUERY ( item <* SELF.items | (

'BUILDING_DESIGN_SCHEMA.ADVANCED_FACE’ IN TYPEOF(item)) )) =

11
END_ENTITY; -- advanced_face_ with_thickness_shape_representation

ENTITY advanced_space_boundary_shape_representation
SUBTYPE OF (shape_representation);

WHERE
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wrl: SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOF(]
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT _3D’] * TYPEOF(item))

= 1) OR (item.name = 'reference curve’))) )) = 0;

wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF([
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ I*TYPEOF(item)) = 1) )
= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =
‘reference curve’) ))) AND (SIZEOF(QUERY (it <* SELF.items
| (t.name = ’'reference curve’) )) <= 3));

wr3: SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(item) ) O)[ (
NOT (SIZEOF(QUERY ( fcs <* csh\connected face_set.cfs_faces

(NOT (BUILDING DESIGN_SCHEMA.ADVANCED_FACE’ INATYPEOF(

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

wrd: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEQF(item) ) ) | (
NOT ((BUILDING_DESIGN_SCHEMA." +
'ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’) IN TYPEDF(mi
\mapped_item.mapping_source.mapped_representation))) )) = O;

wrb: SIZEOF(QUERY ( it <* SELF.items | ((it.name = 'refefefice curve’)

AND (NOT ((BUILDING_DESIGN_SCHEMA,POLYLINE' IN TYPEOF(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND ('BUILDING_| DESIGN_SCHEMA. CIRCLE’ N TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

END_ENTITY; -- advanced_space_boundary_shape_representation

ENTITY advanced_wire_shape_representation
SUBTYPE OF (shape_representation);
WHERE

wrl: SIZEOF(QUERY ( item <* SELFdtems | (NOT ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE',
'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGNSCHEMA .ELLIPSE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE’,
'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’,
'BUILDING_DESIGN_SCHEMA.CURVE_REPLICA’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING,"DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING _DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’] * TYPEOF(item))
= 1)~OR (item.name = ’'reference curve’))) )) = 0;

wr2: (SIZEOR(QUERY ( item <* SELF.items | (SIZEOF(]
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE,
’BUILDING DESIGN SCHEMA CIRCLE’,
'BUILDING_DESIGN_SCHEMA. ELLIPSE’
'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’,
'BUILDING_DESIGN_SCHEMA.CURVE_REPLICA’,
’BUILDING_DESIGN_SCHEMA TRIMMED_CURVE’
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEMT*TYPEOF(item)) = 1) ))
= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =
'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items

(it.name = ’'reference curve’) )) <= 3));

wr3: SIZEOF(QUERY ( item <* SELF.items | ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE,
'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’,
'BUILDING_DESIGN SCHEMA CURVE_REPLICA’,
'BUILDING_DESIGN_SCHEMA. TRIMMED_CURVE] * TYPEOF(item)) = 1)

AND (NOT valid_advanced_wire_composition(item))) )) =
wrd: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM' IN TYPEOF(item) ) ) | (

242


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

©ISO ISO 10303-225:1999(E)

NOT ((BUILDING_DESIGN_SCHEMA." +
'’ADVANCED_WIRE_SHAPE_REPRESENTATION’) IN TYPEOF(m|\
mapped_item.mapping_source.mapped_ representatlon))) ) =

wr5: SIZEOF(QUERY ( it <* SELF.items | ((it.name = 'reference curve)
AND (NOT (('BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND ('‘BUILDING_DESIGN_SCHEMA. CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

END_ENTITY; -- advanced_wire_shape_ representatlon

ENTITY application_context;
application : text;
INVERSE
context_elements : SET [1:?] OF application_context_element FOR
frame_of_reference;
END_ENTITY; -- application_context

ENTITY application_context _element
SUPERTYPE OF (ONEOF (product_context,product_definition_context));
name . label;
frame_of reference : application_context;
END_ENTITY; -- application_context_element

ENTITY application_protocol_definition;

status . label;
application_interpreted_model_schema_name : label;
application_protocol_year . yearSnumber;
application :“application_context;

END_ENTITY; -- application_protocol_definition

ENTITY approval,
status : approval_status;
level : label;
END_ENTITY; -- approval

ENTITY approval_assignment
ABSTRACT SUPERTYPE;
assigned_approval : approval;
END_ENTITY; -- approval_assignment

ENTITY approval_date_time;
date_time . date. time_select;
dated_approval : a@pproval;
END_ENTITY; -- approval_date_time

ENTITY approval\person_organization;
person_organization : person_organization_select;
authorized/approval : approval;
role . approval_role;

END_ENTITY; -- approval_person_organization

ENTIPY approval_role;
role : label;
END ENTITY; -- approval role

ENTITY approval_status;
name : label;
END_ENTITY; -- approval_status

ENTITY assembly _component_usage
SUBTYPE OF (product_definition_usage);
reference_designator : OPTIONAL identifier;
END_ENTITY; -- assembly_component_usage
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ENTITY axisl_placement
SUBTYPE OF (placement);
axis : OPTIONAL direction;
DERIVE
z : direction := NVL(normalise(axis),direction([0,0,1]));
WHERE
wrl: SELF\geometric_representation_item.dim = 3;
END_ENTITY; -- axisl_placement

ENTITY axis2_placement_2d
SUBTYPE OF (placement);
ref direction : OPTIONAL direction;
DERIVE
p : LIST [2:2] OF direction := build_2axes(ref direction);
WHERE
wrl: SELF\geometric_representation_item.dim = 2;
END_ENTITY; -- axis2_placement_2d

ENTITY axis2_placement_3d
SUBTYPE OF (placement);

axis : OPTIONAL direction;

ref _direction : OPTIONAL direction;
DERIVE

p : LIST [3:3] OF direction := build_axes(axis,ref_direction);
WHERE

wrl: SELF\placement.location.dim = 3;
wr2: (NOT EXISTS(axis)) OR (axis.dim = 3);
wr3: (NOT EXISTS(ref_direction)) OR (ref_directiondim = 3);
wrd: (NOT EXISTS(axis)) OR (NOT EXISTS(refodirection)) OR (
cross_product(axis,ref_direction).magnitude > 0);
END_ENTITY; -- axis2_placement_3d

ENTITY b_spline_curve
SUPERTYPE OF (ONEOF (uniform_curve;b_spline_curve_with_knots,
quasi_uniform_curve,bezier_curve)~ANDOR rational_b_spline_curve)
SUBTYPE OF (bounded_curve);

degree . INTEGER,;
control_points_list : LIST [2:2]_OF cartesian_point;
curve_form . bCspline_curve_form;
closed_curve . LOGICAL;
self_intersect . LOGICAL;

DERIVE

upper_index_on_control_points : INTEGER := SIZEOF(
control_points_list) - 1;
control_points : ARRAY [O:
upper_index_on_control_points] OF
cartesian_point := list_to_array(
control_points_list,0,
upper_index_on_control_points);
WHERE
wrl ('BUILDING_DESIGN_SCHEMA.UNIFORM_CURVE’ IN TYPEOF(SELF)) OR (
'BUILDING_DESIGN_SCHEMA.QUASI_UNIFORM_CURVFE’
IN TYPEOF(SELF))
OR (BUILDING _DESIGN_SCHEMA.BEZIER_CURVE’ IN TYPEOF(SELF))
OR (BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE_WITH_KNOTS’ IN
TYPEOF(SELF));
END_ENTITY; -- b_spline_curve

ENTITY b_spline_curve_with_knots
SUBTYPE OF (b_spline_curve);
knot_multiplicities : LIST [2:?] OF INTEGER,;

knots . LIST [2:?] OF parameter_value;
knot_spec . knot_type;
DERIVE
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upper_index_on_knots : INTEGER := SIZEOF(knots);
WHERE
wrl: constraints_param_b_spline(degree,upper_index_on_knots,
upper_index_on_control_points,knot_multiplicities,knots);
wr2: SIZEOF(knot_multiplicities) = upper_index_on_knots;
END_ENTITY; -- b_spline_curve_with_knots

ENTITY b_spline_surface
SUPERTYPE OF (ONEOF (b_spline_surface_with_knots,uniform_surface,
quasi_uniform_surface,bezier_surface) ANDOR
rational_b_spline_surface)
SUBTYPE OF (bounded_surface);

u_degree . INTEGER,;
v_degree : INTEGER,;
control_points_list : LIST [2:?] OF LIST [2:?] OF cartesian_point;
surface_form : b_spline_surface_form;
u_closed . LOGICAL,;
v_closed : LOGICAL;
self_intersect . LOGICAL,;
DERIVE
u_upper : INTEGER := SIZEOF(control_points_list) - 1;
V_upper : INTEGER := SIZEOF(control_points_list[1]) (-}1;

control_points : ARRAY [O:u_upper] OF ARRAY [0:v_upper]COF
cartesian_point := make_array_of “array(
control_points_list,0,u_upper,0,v_dpper);
WHERE
wrl: (BUILDING_DESIGN_SCHEMA.UNIFORM_SURFACE’ IN TYPEOF(SELF)) OR (
'BUILDING_DESIGN_SCHEMA.QUASI_UNIFORM_SURFACE’ IN TYPEOF(
SELF)) OR ('BUILDING_DESIGN_SCHEMA.BEZIER_SURFACE’ IN
TYPEOF(SELF)) OR (
'BUILDING_DESIGN_SCHEMA.B_SPLINE_SURFACE_WITH_KNOTS’ IN
TYPEOF(SELF));
END_ENTITY; -- b_spline_surface

ENTITY b_spline_surface_with_knots

SUBTYPE OF (b_spline_surface);
u_multiplicities : LIST [2:?] OF(INTEGER;
v_multiplicities : LIST [2:?] OF,INTEGER,;

u_knots . LIST([2:?] OF parameter_value;
v_knots . LIST {2:?] OF parameter_value;
knot_spec . knot_type;

DERIVE

knot_u_upper : INTEGER
knot_v_upper : ANTEGER
WHERE

wrl: constraints_param_b_spline(SELF\b_spline_surface.u_degree,
khot_u_upper,SELF\b_spline_surface.u_upper,u_multiplicities,
u_knots);

wr2: €onstraints_param_b_spline(SELF\b_spline_surface.v_degree,
knot_v_upper,SELF\b_spline_surface.v_upper,v_multiplicities,
v_knots);

wr3: SIZEOF(u_multiplicities) = knot_u_upper;

wr4: SIZEOF(v_multiplicities) = knot_v_upper;

END ENTITY; -- b spline surface with knots

SIZEOF(u_knots);
SIZEOF(v_knots);

ENTITY bezier_curve
SUBTYPE OF (b_spline_curve);
END_ENTITY; -- bezier_curve

ENTITY bezier_surface
SUBTYPE OF (b_spline_surface);
END_ENTITY; -- bezier_surface

ENTITY block
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SUBTYPE OF (geometric_representation_item);
position : axis2_placement_3d;

X . positive_length_measure;
y . positive_length_measure;
z . positive_length_measure;

END_ENTITY; -- block

ENTITY boolean_result
SUBTYPE OF (geometric_representation_item);
operator . boolean_operator;
first operand boolean_ooerand'
second operand boolean_operand;
END_ENTITY; -- boolean_result

ENTITY boundary_curve
SUBTYPE OF (composite_curve_on_surface);
WHERE
wrl: SELF\composite curve.closed curve;
END_ENTITY; -- boundary_ curve

ENTITY bounded_curve
SUPERTYPE OF (ONEOF (polyline,b_spline_curve,trimmed_curve;
composite_curve))
SUBTYPE OF (curve);
END_ENTITY; -- bounded_curve

ENTITY bounded_surface
SUPERTYPE OF (ONEOF (b_spline_surface,rectangular_trimmed_surface,
curve_bounded_surface,rectangular_composite_surface))
SUBTYPE OF (surface);
END_ENTITY; -- bounded_surface

ENTITY brep_with_voids
SUBTYPE OF (manifold_solid_brep);
voids : SET [1:?] OF oriented_closed" shell;
END_ENTITY; -- brep_with_voids

ENTITY building
SUBTYPE OF (product_definitign);
WHERE
wrl: SIZEOF(QUERY _(\\pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFRINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’)
| (’BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN" TYPEOF(pdr.
related_.product_definition)) )) >= 1,
wr2: SIZEOF(QUERY ( pdr <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)
| (BUILDING DESIGN_SCHEMA.BUILDING COMPLEX’ IN TYPEOF(pdr.
relating_product_definition)) )) = 1;
wr3: SIZEOF (QUERY (bdpa <* USEDIN (SELF 'BUILDING_DESIGN_SCHEMA." +
'BUILDING_DESIGN_PERSON_ASSIGNMENT.ITEMS’) |
bdpa.role.name = ‘owner’)) +
SIZEOF (QUERY (bdoa <* USEDIN (SELF, 'BUILDING_DESIGN_SCHEMA. +
'BUILDING_DESIGN_ORGANIZATION_ASSIGNMENT.ITEMS’) |
bdoa.role.name = ’'owner’)) = 1,
END_ENTITY; -- building

ENTITY building_complex
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT DEFINITION RELATIONSHIP.RELATING_PRODUCT_DEFINITION’)
(pdr.name = ’in building complex’) AND (

'BUILDING_DESIGN_SCHEMA. BUILDING’ IN TYPEOF(pdr.
related_product_definition))) )) >= 1;
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wr2: (SIZEOF(QUERY ( pa <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'BUILDING_DESIGN_PERSON_ASSIGNMENT.ITEMS’) | (pa.role.name =
‘owner’) )) + SIZEOF(QUERY ( oa <* USEDIN(SELF,
'BUILDING_DESIGN_SCHEMA." +
'BUILDING_DESIGN_ORGANIZATION_ASSIGNMENT.ITEMS’) | (oa.role.
name = ’'owner’) ))) = 1;
END_ENTITY; -- building_complex

ENTITY building_component_classification_assignment
SUBTYPE OF (group_assignment);
items . SET [1:?] OF building_component classification item:
END_ENTITY; -- building_component_classification_assignment

ENTITY building_component_classification_group
SUBTYPE OF (group);
WHERE
wrl: SIZEOF(QUERY ( ga <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMAY" +
'GROUP_ASSIGNMENT.ASSIGNED_GROUP’) | ((
'BUILDING_DESIGN_SCHEMA." +
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT’)
IN TYPEOF(ga)) )) >= 1;
END_ENTITY; -- building_component_classification_group

ENTITY building_design_approval
SUBTYPE OF (approval_assignment);
items : SET [1:?] OF building_design_approval_item;
WHERE
wrl: SIZEOF(QUERY ( i <* SELF.items | (SIZEOF(]
'BUILDING_DESIGN_SCHEMA.BUILDING’,
'BUILDING_DESIGN_SCHEMA.BUILDING_LEVEL’,
'BUILDING_DESIGN_SCHEMA.BUI:DING_SECTION’,
'BUILDING_DESIGN_SCHEMA:BUILDING_ELEMENT_ASSEMBLY]
* TYPEOF(i))=1) ))

END_ENTITY; -- building_design_approval

ENTITY building_design_date_assignment
SUBTYPE OF (date_assignment);
items : SET [1:?] OF building_design_date_item;
END_ENTITY; -- building_desigr-date_assignment

ENTITY building_design_organization_assignment
SUBTYPE OF (organization_assignment);
items : SET [1:2] OF building_design_organization_item;
END_ENTITY; -- building_design_organization_assignment

ENTITY buildingZdesign_person_and_organization_assignment
SUBTYPEHOF (person_and_organization_assignment);
items.SSET [1:?] OF building_design_person_and_organization_item;
END_ENTITY; -- building_design_person_and_organization_assignment

ENTIPY building_design_person_assignment
SUBTYPE OF (person_assignment);
items : SET [1:?] OF building design person item;
END_ENTITY; -- building_design_person_assignment

ENTITY building_document_reference
SUBTYPE OF (document_reference);
items : SET [1:?] OF building_document_item;
END_ENTITY; -- building_document_reference

ENTITY building_element

SUBTYPE OF (product_definition);
WHERE
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wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)

| CBUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN TYPEOF(pdr.
relating_product_ def|n|t|on)) ) = 1

wr2: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) = 1,

wr3: SIZEOF(QUERY ( pd <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
’PROPERTY_DEFINITION.DEFINITION’) | (SIZEOF(QUERY ( sa <*
USEDIN(pd,'BUILDING_DESIGN_SCHEMA." +
'SHAPE_ASPECT.OF_SHAPE’) T ((
‘BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT’ IN TYPEOF(sa))
AND (sa.description = 'main component’)) )) = 1) )) =

END_ENTITY; -- building_element

ENTITY building_element_assembly
SUBTYPE OF (product_definition);
WHERE

wrl: SIZEOF(QUERY ( pd <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION.DEFINITION) | (
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE' IN TYPEQF(
pd)) )) = 0;

wr2: SIZEOF(QUERY ( acu <* QUERY ( pdr <* USEDIN(SELF,
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_RELATIONSHIP." H
'RELATING_PRODUCT_DEFINITION’)
'BUILDING_DESIGN_SCHEMA.ASSEMBLY_CQMPONENT_USAGE’ IN TYREOF(
pdr) ) ) | (SIZEOF(TYPEOF(acu.related_préduct_definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDINGAELEMENT",
'BUILDING_DESIGN_SCHEMA.FIXTURE{EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA:BUILDING_ELEMENT_ASSEMBLY') = 1) )
>= 1,

END_ENTITY; -- building_element_assembly.

ENTITY building_element_group
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pd~<* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION.DEFINITION’)
'BUILDING. DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEQF(
pd)) )) 70
wr2: SIZEOF(QUERY-( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING_PRODUCT_DEFINITION’)
|~(SIZEOF(TYPEOF(pdr.related_product_definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
‘BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT_GROUP’]) = 1) )) >4
1
END_ENTITY; -- building_element_group

ENTITY building_item_identification_assignment
SUBTYPE OF (name_assignment);
item : identified_item;
END_ENTITY; -- building_item_identification_assignment

ENTITY building_level
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)
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| (BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN TYPEOF(pdr.
relating_product_ deﬁnmon)) ) = 1;

wr2: SIZEOF(USEDIN(SELF,'BUILDING DESIGN | SCHEMA. +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM")) <= 1;

wr3: SIZEOF(QUERY ( pd <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION. DEFINITION) | (NOT (SIZEOK(
QUERY ( pdr <* USEDIN(pd,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) | (NOT (
SIZEOF(TYPEOF(pdr. used_representanon) * [
'BUILDING_DESIGN_SCHEMA." +
’ADVANCED SPACE._ BOUNDARY_SHAPE_REPRESENTATION'
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED _ SPACE BOUNDARY SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'GROUND_FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATION]) = 1)) ))
=0))) =0

END_ENTITY; -- building_level

ENTITY building_section
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)
| (BUILDING_DESIGN_SCHEMA.BUILDING’ IN TYPEOF(pdr.
relating_product_ def|n|t|on)) ) = 1
wr2: SIZEOF(USEDIN(SELF,'BUILDING DESIGN  SCHEMA. +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) = 1;
wr3: SIZEOF(QUERY ( pdr <* USEDIN(SELFBUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATING _PRODUCT_DEFINITION?)
| (SIZEOF(TYPEOF(pdr.related:product_definition) * [
'BUILDING_DESIGN_SCHEMA\BUILDING_LEVEL',
'BUILDING_DESIGN_SCHEMA .BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT’,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN; SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN,"SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT'])=1)|))
>= 1;
END_ENTITY; -- building_section

ENTITY calendar_date
SUBTYPE OF (datey);

day_component " day_in_month_number;
month_component : month_in_year_number;
WHERE

wrl: valid~calendar_date(SELF);
END_ENTITY;\» calendar_date

ENTITY (cartesian_point
SUBTLYPE OF (point);
coordinates : LIST [1:3] OF length_measure;
END_ENTITY; -- cartesian_point

ENTITY cartesian_transformation_operator
SUPERTYPE OF (cartesian_transformation_operator_3d)
SUBTYPE OF (geometric_representation_item,
functionally_defined_transformation);

axisl . OPTIONAL direction;

axis2 . OPTIONAL direction;

local_origin : cartesian_point;

scale . OPTIONAL REAL;
DERIVE

scl : REAL := NVL(scale,1);
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WHERE
wrl: scl > 0;
END_ENTITY; -- cartesian_transformation_operator

ENTITY cartesian_transformation_operator_3d
SUBTYPE OF (cartesian_transformation_operator);
axis3 : OPTIONAL direction;
DERIVE
u : LIST [3:3] OF direction := base_axis(3,SELF\
cartesian_transformation_operator.axis1,SELF\
cartesian_transformation operator.axis2,axis3):

©ISO

WHERE
wrl: SELF\cartesian_transformation_operator.dim = 3;
END_ENTITY; -- cartesian_transformation_operator_3d

ENTITY change
SUBTYPE OF (action_assignment);
items : SET [1:?] OF building_design_change_item;
END_ENTITY; -- change

ENTITY characterized_object;
name . label;
description : text;
END_ENTITY; -- characterized_object

ENTITY circle
SUBTYPE OF (conic);
radius : positive_length_measure;
END_ENTITY; -- circle

ENTITY classification_table

SUBTYPE OF (document_usage_constraint);
WHERE

NOT (SIZEOF(TYPEOF(item) * [
'BUILDING_DESIGN_SCHEMA." +

=) Ny 0) ) =0;
END_ENTITY; -- classification_table

ENTITY closed_shell
SUBTYPE OE.\(econnected face_set);
END_ENTITY; ~<=_closed_shell

ENTITY cemposite_curve
SUBTYPE OF (bounded_curve);

segments : LIST [1:?] OF composite_curve_segment;
self_intersect : LOGICAL;

DERIVE
n_segments . INTEGER := SIZEOF(segments);

wrl: SIZEOF(QUERY ( bddr <* QUERY' ( dr <* USEDIN(SELF.source,
'BUILDING_DESIGN_SCHEMA.DOCUMENT_REFERENCE.ASSIGNED_DOCUMENT’)
(BUILDING_DESIGN) SCHEMA.BUILDING_ DOCUMENT_REFERENCE’ IN
TYPEOF(r) ) ) | (NOT (SIZEOF(QUERY ( item <* bddritems | (

'BUILDING_DESIGN_SCHEMA.PRODUCT_CATEGORY’,
'BUILDING_GOMPONENT_CLASSIFICATION_GROUP)

closed_curve : LOGICAL := segments[n_segments].transition <>
discontinuous;
WHERE

wrl: ((NOT closed _curve) AND (SIZEOF(QUERY ( temp <* segments | (

temp.transition = discontinuous) )) = 1)) OR (closed_curve
AND (SIZEOF(QUERY ( temp <* segments | (temp.transition

discontinuous) )) = 0));
END_ENTITY; -- composite_curve

ENTITY composite_curve_on_surface
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SUPERTYPE OF (boundary_curve)
SUBTYPE OF (composite_curve);
DERIVE
basis_surface : SET [0:2] OF surface := get basis_surface(SELF);
WHERE
wrl: SIZEOF(basis_surface) > 0;
wr2: constraints_composite_curve_on_surface(SELF);
END_ENTITY; -- composite_curve_on_surface

ENTITY composite_curve_segment;

transition . _transition_code;

same_sense . BOOLEAN;

parent_curve : curve;
INVERSE

using_curves : BAG [1:?] OF composite_curve FOR segments;
WHERE

wrl: 'BUILDING_DESIGN_SCHEMA.BOUNDED_CURVE’ IN TYPEOF(parent,‘curve);
END_ENTITY; -- composite_curve_segment

ENTITY conic
SUPERTYPE OF (ONEOF (circle,ellipse,hyperbola,parabola))
SUBTYPE OF (curve);
position : axis2_placement;
END_ENTITY; -- conic

ENTITY conical_surface
SUBTYPE OF (elementary_surface);

radius . length_measure;
semi_angle : plane_angle_measure;
WHERE

wrl: radius >= 0;
END_ENTITY; -- conical_surface

ENTITY connected_face set
SUPERTYPE OF (ONEOF (closed_shell,open_shell))
SUBTYPE OF (topological_representation_item);
cfs_faces : SET [1:?] OF face;
END_ENTITY; -- connected_face.sét

ENTITY conversion_based_unit
SUBTYPE OF (named_unit);
name . label,
conversion_factor ¢~ measure_with_unit;
END_ENTITY; -- copversion_based_unit

ENTITY csg_solid
SUBTYPE OF_J(solid_model);
tree_roet eXxpression : csg_select;
END_ENTITY,; -- csg_solid

ENTITY A eurve
SURPERTYPE OF (ONEOF (line,conic,pcurve,surface_curve,offset_curve_3d,
curve_replica))
SUBTYPE OF (geometric representation item);
END_ENTITY; -- curve

ENTITY curve_bounded_surface
SUBTYPE OF (bounded_surface);
basis_surface : surface;

boundaries : SET [1:?] OF boundary_curve;
implicit_outer : BOOLEAN;
WHERE

wrl: NOT (implicit_outer AND (
'BUILDING_DESIGN_SCHEMA.OUTER_BOUNDARY_CURVE' IN TYPEOF(
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boundaries)));

wr2: (NOT implicit_outer) OR (
'BUILDING_DESIGN_SCHEMA.BOUNDED_SURFACE’ IN TYPEOF(
basis_surface));

wr3: SIZEOF(QUERY ( temp <* boundaries | (
'BUILDING_DESIGN_SCHEMA.OUTER_BOUNDARY_CURVE’
IN TYPEOF(temp)) )) <= 1;

wrd: SIZEOF(QUERY ( temp <* boundaries | (temp\
composite_curve_on_surface.basis_surface[l] :<>: SELF.
basis_surface) )) = 0;

END_ENTITY; -- curve bounded surface

ENTITY curve_replica
SUBTYPE OF (curve);

parent_curve . curve; _
transformation : cartesian_transformation_operator;
WHERE

wrl: transformation.dim = parent_curve.dim;
wr2: acyclic_curve_replica(SELF,parent_curve);
END_ENTITY; -- curve_replica

ENTITY cylindrical_surface
SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY; -- cylindrical_surface

ENTITY date
SUPERTYPE OF (ONEOF (calendar_date,ordinal_date;
week_of year_and_day_date));
year_component : year_number;
END_ENTITY; -- date

ENTITY date_assignment
ABSTRACT SUPERTYPE;
assigned_date : date;
role . date_role;
END_ENTITY; -- date_assignment

ENTITY date_role;
name : label,
END_ENTITY; -- date_role

ENTITY definitional_representation
SUBTYPE OF (reptesentation);
WHERE
wrl: 'BUILDING_DESIGN_SCHEMA.PARAMETRIC_REPRESENTATION_CONTEXT' IN
TYPEOF(SELF\representation.context_of items);
END_ENTITY;\» definitional_representation

ENTITYdegenerate_toroidal_surface
SUBTLYPE OF (toroidal_surface);
select_outer : BOOLEAN;
WHERE
wrl: major radius < minor radius;
END_ENTITY; -- degenerate_toroidal_surface

ENTITY derived_unit;
elements : SET [1:?] OF derived_unit_element;
WHERE
wrl: (SIZEOF(elements) > 1) OR ((SIZEOF(elements) = 1) AND (elements
[1].exponent <> 1));
END_ENTITY; -- derived_unit

ENTITY derived_unit_element;
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unit . named_unit;
exponent : REAL;
END_ENTITY; -- derived_unit_element

ENTITY descriptive_representation_item
SUBTYPE OF (representation_item);
description : text;
END_ENTITY; -- descriptive_representation_item

ENTITY dimensional_exponents;

length_exponent . REAL;
mass_exponent : REAL;
time_exponent : REAL;
electric_current_exponent . REAL;
thermodynamic_temperature_exponent : REAL;
amount_of substance_exponent . REAL,;
luminous_intensity _exponent : REAL;

END_ENTITY; -- dimensional_exponents

ENTITY direction
SUBTYPE OF (geometric_representation_item);
direction_ratios : LIST [2:3] OF REAL;
WHERE
wrl: SIZEOF(QUERY ( tmp <* direction_ratios | (tmp <>¢0)")) > 0;
END_ENTITY; -- direction

ENTITY document;

id . identifier;

name . label;

description : text;

kind . document_type;
UNIQUE

url : id;

END_ENTITY; -- document

ENTITY document_reference
ABSTRACT SUPERTYPE;
assigned_document : documenft;
source . label,
END_ENTITY; -- document_reference

ENTITY document_type;
product_data_type( fabel;
END_ENTITY; -- doeument_type

ENTITY documernit_udsage_constraint;
source . document;
subject-element . label;
subjeetielement_value : text;
END_ENTITY; -- document_usage_constraint

ENTIFY edge
SUPERTYPE OF (ONEOF (edge_curve,oriented_edge))
SUBTYPE OF (topological representation item);
edge_start : vertex;
edge_end . vertex;
END_ENTITY; -- edge

ENTITY edge_curve
SUBTYPE OF (edge, geometric_representation_item);
edge_geometry : curve;
same_sense . BOOLEAN;
END_ENTITY; -- edge_curve
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ENTITY edge_loop
SUBTYPE OF (loop, path);

DERIVE
ne : INTEGER := SIZEOF(SELF\path.edge_list);
WHERE
wrl: SELF\path.edge list[1].edge_start :=: SELF\path.edge_list[ne].

edge_end;
END_ENTITY; -- edge_loop

ENTITY elementary_csg_shape_representation
SUBTYPE OF (shape_representation);
WHERE
wrl: SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOF(]
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA _SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA SOLID’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED ITEM] * TYPEOF(ltem)) 1)
OR (item.name = ’reference curve’))) )) = 0;
wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF([
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREACLSOLID,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ ]*TYPEOF(|tem)) =1)))
>= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (itname =
'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items
(it.name = ’'reference curve’) )) <= 3));
wr3: SIZEOF(QUERY ( item <* SELF.items | ((
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’ IN TYPEOF(item)) AND (
NOT valid_elementary_csg_tree(item\esg_solid.
tree_root_expression))) )) = 0;
wrd: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA\MAPPED_ITEM’ IN TYPEOF(item) ) ) | (
NOT
(BUILDING_DESIGN_SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’
IN TYPEOF(mi\mapped item.mapping_source.
mapped_representation))) )) = 0;
wr5: SIZEOF(QUERY ( it <* (SELF.items | ((it.name = 'reference curve’)
AND (NOT ((BUILDING_DESIGN SCHEMA POLYLINE’' IN TYPEOF(it))
OR ((BUILDING”DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND ('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN TYPEOF(it\
trimmed (curve.basis_curve)))))) )) = 0O;
END_ENTITY; -- elementary _csg_shape_representation

ENTITY elementary face_with_thickness_shape_representation
SUBTYPE OE.\(shape_representation, solid_model);
WHERE

wrl: SIZEOF(SELF.items) = 2;

wr2: SIZEOF(QUERY ( item <* SELF.items | ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.MEASURE_REPRESENTATION_ITEM’,
'BUILDING_DESIGN_SCHEMA.LENGTH MEASURE WITH UNIT] * TYPE( F(
item)) = 2) AND (item.name = ’thickness’)) )) =

wr3: SIZEOF(QUERY ( item <* SELF.items | (
'BUILDING_DESIGN _SCHEMA.FACE_SURFACE’ IN TYPEOF(item)) )) =
1

wr4d: SIZEOF(QUERY ( item <* SELF.items | ((NOT (
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(item))) OR (
'BUILDING_DESIGN_SCHEMA. ELEMENTARY SURFACE’ IN TYPEOF(item\
face_surface.face_geometry))) )) =

wr5: SIZEOF(QUERY ( item <* SELF.items | ((
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(item)) AND (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* item\face.
bounds | ('BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.
bound) ) ) | (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
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edge_list | (NOT (BUILDING_DESIGN_SCHEMA. EDGE CURVE’ IN
TYPEOF(oe.edge_element))) )) = 0)) )) = 0)) )) =

wr6: SIZEOF(QUERY ( item <* SELF.items | ((

'BUILDING_DESIGN_SCHEMA.FACE_SURFACE' IN TYPEOF(item)) AND (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* item\face.
bounds | (BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN TYPEOF(bnds.
bound) ) ) | (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT (SIZEOF('BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC’,
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'‘BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] * TYPEOF(oe.

WHERE
wrl

wr2

wr3

wrd

wr7: SIZEOF(QUERY ( item <* SELF.items | ((

END_ENTITY; -- elementary_face_W|th_th|ckness_shape_representation

ENTITY elementary_geometric_shape_representation
SUBTYPE OF (shape_representation);

. SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOF([

edge_element\edge_curve.edge_geometry)) = 1)) )) = 0)) )) =
0)) ) = 0;

'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(item)) AND
NOT (SIZEOF(QUERY ( vip_fonds <* QUERY ( bnds <* item\face.
bounds | (BUILDING_DESIGN_SCHEMA.VERTEX_LOOP’ IN TYPEOF(
bnds.bound) ) ) | (NOT ((
'BUILDING_DESIGN_SCHEMA.VERTEX_POINT IN TYPEOF(VIp_fbnds\
face_bound.bound\vertex_loop.loop_vertex)) AND (
'BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT IN\TFYPEOF(vip_fbnds
\face_bound.bound\vertex_loop. Ioop vertex\vertex __point,

vertex_geometry)))) )) = 0))) )) =

'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.FACETED_BREP’,
'BUILDING_DESIGN_SCHEMAMAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’] *
TYPEOF(item))
= 1) OR (item.name =-reference curve?))) )) =
(SIZEOF(QUERY ( item <*CSELF.items | (SIZEOF([
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ ]*TYPEOF(ltem)) 1))
>= 1) OR ((2"<= SIZEOF(QUERY ( it <* SELF.items | (it.name
= 'reference. curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.
items | (it.thame = 'reference curve’) )) <= 3));
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’
IN<\TYPEOF(item)) )
| \NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (
SIZEOF(QUERY ( fcs <* csh.cfs_faces | (NOT (
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(fcs))) )) =
0) ) =0)) =0
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’
IN TYPEOF(item)) )
(NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (
SIZEOF(QUERY ( fcs <* csh\connected_face_set.cfs_faces | (
NOT ('BUILDING_DESIGN_SCHEMA.ELEMENTARY SURFACE’ IN_ TYPHOR(

wr5

fcs\face_surface.face_geometry))) )) = 0)) )) = 0)) )) =
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (

'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’

IN TYPEOF(item)) )

(NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (

SIZEOF(QUERY ( fcs <* csh\connected_face_set.cfs_faces | (

NOT (SIZEOF(QUERY ( elp_fonds <* QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ IN
TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
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wré :

edge_list | (NOT ('BUILDING_DESIGN_SCHEMA.EDGE_CURVE’ IN
TYPEOF(oe edge_element))) )) = 0)) )) = 0)) )) = 0))))
0) ) = 0
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (
SIZEOF(QUERY ( fcs <* csh\connected_face_set.cfs faces | (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMA.EDGE_LOOP’
IN_TYPEOF(bnds.bound)) )

wr7

wr8

wr9

wrl0:

wirll:

. SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (

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

edge list | (NOT (SIZEOF([BUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC’,
'BUILDING_DESIGN_SCHEMA. POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE CURVE’] * TYPEOF(oe.
edge_ element\edge curve. edge geometry)) = 1)) )) = 0)) )) =

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

'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREFR!
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( csh <* msb_shells(mish) | (NOT (
SIZEOF(QUERY ( fcs <* csh\connected | face_set¢fs faces | (
NOT (SIZEOF(QUERY ( elp_fonds <* QUERY “(“bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMA.EDGE_LOOQOP’
IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elpifbnds.bound\path.
edge_list | (NOT ((BUILDING_DESIGN__ SCHEMA.VERTEX_POINT" IN
TYPEOF(oe.edge_start)) AND (
'BUILDING_DESIGN_SCHEMA.VERTFEX_POINT’
IN TYPEOF(oe.edge_end)))) ))
=0))) =0))) =0))) =0)) =0 _
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’
IN TYPEOF(item)) )~
(NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (
SIZEOF(QUERY (./fcs <* csh\connected_face_set.cfs_faces | (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* fcs.bounds
| (BUILDING~ DESIGN_SCHEMA.EDGE_LOOP’
IN TYPEOF(bnds.bound)) )
| (BUILDING_DESIGN_SCHEMA.ORIENTED PATH’ IN TYPEOF(
elp_fbnds,bound)) )) = 0)) )) = 0)) )) = 0)) )) =
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF. |tems | (
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’
IN\TYPEOF(item)) )
| (BUILDING_DESIGN_SCHEMA.ORIENTED_CLOSED_SHELL' IN
TYPEOF(msb\manifold_solid_brep.outer)) )) = 0;
SIZEOF(QUERY ( brv <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.BREP_WITH_VOIDS’' IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( csh <* brv\brep_wnh v0|ds voids |
csh\oriented_closed_shell.orientation )) = 0)) )) =
SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF(item) ) ) | (
NOT ((BUILDING DESIGN SCHEMA. +
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'ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION’) IN TYPEOF(mi\

mapped_item.mapping_source.mapped_representation))) )) = 0;
SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (

'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’

IN TYPEOF(item)) )~

(NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (

SIZEOF(QUERY ( fcs <* csh\connected_face_set.cfs faces | (

NOT (SIZEOF(QUERY ( vlp_fbnds <* QUERY ( bnds <* fcs.bounds

| (BUILDING_DESIGN_SCHEMA.VERTEX LOOP’ IN TYPEOF(bnds.

bound) ) ) | (NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT’
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IN TYPEOF(vIp_fbnds\face_bound.bound\vertex_loop.loop_vertex))
AND ('BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT IN TYPEOF(
vip_fbnds\face_bound.bound\vertex_loop.loop_vertex\
vertex _point.vertex_geometry)))) ))=0))))=0)) )) = 0)) ))

wrl3: SIZEOF(QUERY (it <* SELF.items |
((it.name = 'reference curve’)
AND (NOT (('BUILDING_DESIGN_SCHEMA.POLYLINE' IN TYPEOF(it))

OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING DESIGN_SCHEMA., CIRCLE IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

END_ENTITY; -- elementary_geometric_shape_ representatlon

ENTITY elementary_space boundary shape representation
SUBTYPE OF (shape_representation);
WHERE

wrl : SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3DY *
TYPEOF(|tem))
= 1) OR (item.name = 'reference curve?))) )) =

wr2 : (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF(]
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL,
'BUILDING_DESIGN_SCHEMA.MAPPED_|TEM’ ]*TYPEOF(ltem)) 1))
= 1) OR ((2 <= SIZEOF(QUERY ( it.&*)SELF.items | (it.name =

'reference curve’) ))) AND
(SIZEOF(QUERY ( it <* SELF.items
(it.tnhame = ’'reference curve’) )<= 3));

wr3 : SIZEOF(QUERY ( mi <* QUERY (_iteln <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM' IN TYPEOF(item) ) ) | (
NOT ((BUILDING_DESIGN+SCHEMA." +
'ELEMENTARY_SPACE_BQUNDARY_SHAPE_REPRESENTATION’) IN

TYPEOF(m|\mapped item.mapping_source.mapped_representation)))))

wrd SIZEOF(QUERY ( csh <t QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\closed_shell.cfs_faces | (

NOT (BUILDING DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(fcs))) ))
0)) J)) =\0;

wrs SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’ IN TYPEOF(item)) ) |
(NOT - (SIZEOF(QUERY ( fcs <* csh\closed_shell.cfs_faces | (
NOT ('BUILDING_DESIGN_SCHEMA. ELEMENTARY_SURFACE’ IN TYPHOF(
fcs\face_surface.face_geometry))) )) = 0)) )) =

wré : SIZEOF(QUERY ( csh <* QUERY ( item <* SELF. |tems | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\closed_shell.cfs_faces | (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMA.EDGE_LOOP’
IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge list | (NOT (BUILDING DESIGN_SCHEMA.EDGE_CURVE’ IN
TYPEOF(oe edge_element))) )) = 0)) )) = 0)) )) = 0)) ))

wr7 SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\closed_shell.cfs_faces | (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN SCHEMA EDGE_LOOP’
IN TYPEOF(bnds.bound)) )
| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT (SIZEOF(BUILDING_DESIGN_SCHEMA.LINE’,
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'BUILDING_DESIGN_SCHEMA.CONIC,
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE'] * TYPEOF(oe.
edge_element\edge_curve.edge_geometry)) = 1)) )) = 0)) )) =
0) ) =0))) =0 , ,

wr8 : SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’ IN TYPEOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\closed_shell.cfs_faces | (
NOT (SIZEOF(QUERY ( elp_fbnds <* QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMA.EDGE_LOOP’
IN_TYPEOF(bnds.bound)) )

©ISO

| (NOT (SIZEOF(QUERY ( oe <* elp_fbnds.bound\path.
edge_list | (NOT ((BUILDING_DESIGN_SCHEMA.VERTEX_POINT" IN
TYPEOF(oe.edge_start)) AND (
'BUILDING_DESIGN_SCHEMA.VERTEX_POINT’
IN TYPEOF(oe edge end)))) )
0) ) =0) ) =0)) =0 ,

wr9 SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’ IN TYREOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\connected_face set-
cfs_faces | (NOT (SIZEOF(QUERY ( elp_fbnds <*
QUERY ( bnds <* fcs.bounds | (
'BUILDING_DESIGN_SCHEMA.EDGE_LOOP’ INCRYPEOF(bnds.bound)) )
| (BUILDING_DESIGN_SCHEMA. ORIENTED PATH' IN TYPEOF(
elp_fbnds.bound)) )) = 0)) )) = 0)) )) =

wrl0:; SIZEOF(QUERY ( csh <* QUERY ( item <* SELF items | (
'BUILDING_DESIGN_SCHEMA.CLOSEDSSHELL’ IN TYPEOF(item)) ) |
(NOT (SIZEOF(QUERY ( fcs <* csh\Closed shell.cfs_faces | (

NOT (SIZEOF(QUERY ( vlp_fbnds <t QUERY ( bnds <* fcs.bounds
| (BUILDING_DESIGN_SCHEMANMERTEX_LOOP’ IN TYPEOF(bnds.
bound) ) ) | (NOT ((BUILDINGCDESIGN SCHEMA.VERTEX_POINT’ IN

TYPEOF(vIp_fbnds\face_bound.bound\vertex_loop.loop_vertex))

AND ('BUILDING_DESIGN”,SCHEMA.CARTESIAN_POINT" IN TYPEOF(
vip_fbnds\face_bound.bound\vertex Ioop loop_vertex\
vertex_point.vertex_geometry)))) )) = 0)) )) = 0)) )) =
wrll: SIZEOF(QUERY ( it <*.SELF.items |

((it.name = ’referénce curve’)
AND (NOT ((BUILDING_DESIGN_SCHEMA.POLYLINE'IN TYPEOK(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND ('BUILDING_DESIGN_SCHEMA.CIRCLE’ IN TYPEOF(it\
trimmed—cutve.basis_curve)))))) )) = 0;

END_ENTITY; -- elementary_space_boundary shape_representation

ENTITY elementary ‘surface
SUPERTYPE .OF/ (ONEOF (plane,cylindrical_surface,conical_surface,
spherical_surface,toroidal_surface))
SUBTYPEHOF (surface);
positien’.: axis2_placement_3d;
END_ENTITY; -- elementary_surface

ENTIPY elementary_wire_shape_representation
SUBTYPE OF (shape_representation);
WHERE

wrl: SIZEOF(QUERY ( item <* SELF.items | (NOT ((SIZEOKF(]
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE,
’BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGN_SCHEMA.ELLIPSE’,
BUILDING DESIGN SCHEMA TRIMMED CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED _ITEM’,
'BUILDING_DESIGN_SCHEMA. AXISZ_PLACEMENT_3D’]*TYPEOF(item))
= 1) OR (item.name = 'reference curve’))) )) = 0;

wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF([
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE,
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'BUILDING_DESIGN_SCHEMA.CIRCLE’,
'BUILDING_DESIGN_SCHEMA.ELLIPSE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEMT*TYPEOF(item)) = 1) ))
= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =
'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items
(it.thame = ’'reference curve’) )) <= 3));

wr3: SIZEOF(QUERY ( item <* SELF.items | ((SIZEOF(]
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED CURVE]*TYPEOF(ltem)) 1)
AND (NOT valid_elementary_wire_composition(item))) )) =

END_ENTITY; -- elementary_W|re_shape_representatlon
ENTITY ellipse
SUBTYPE OF (conic);
END_ENTITY; -- ellipse
ENTITY extruded_area_solid
SUBTYPE OF (swept_area_solid);
WHERE

END_ENTITY; -- extruded_area_solid

ENTITY face
SUPERTYPE OF (ONEOFK. (face_surface,oriented_face))
SUBTYPE OF (topological_representation_item);

WHERE

END_ENTITY; -- face

ENTIPY face bound
SUBTYPE OF (topological_representation_item);

wr4d: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM' IN TYPEOF(item) ) ) _JO(
NOT ((BUILDING_DESIGN_SCHEMA. +
'ELEMENTARY WIRE SHAPE _REPRESENTATION’) IN TYPEOF(ml\
mapped_item.mapping_source.mapped_representation))) )) = 0;

wrb: SIZEOF(QUERY ( it <* SELF.items |
((it.name = ’reference curve’)
AND (NOT (('BUILDING_DESIGN_SCHEMA.POLYLINE' IN\TYPEOF(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVEIN TYPEOK(it))
AND ('BUILDING_DESIGN_SCHEMA. CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

semi_axis_1 : positive_length_measure;
semi_axis_2 : positive_length_measure;

extruded_direction : direction;
depth . positive_length’;measure;

wrl: dot_product(SELF\swept_area(solid.swept_area.basis_surface\
elementary_surface.position.p[3],extruded_direction) <> 0;

bounds : SET [1:?],OF face bound;

wrl: NOT mixed/loop_type_set(list_to_set(list_face_loops(SELF)));
wr2: SIZEOF(QUERY ( temp <* bounds | (
‘BUILDING_DESIGN_SCHEMA.FACE_OUTER_BOUND’
IN TYPEOF(temp)) ))
<= 1,

bound . loop;

orientation : BOOLEAN,;

END_ENTITY; -- face_bound

ENTITY face_outer_bound
SUBTYPE OF (face_bound);
END_ENTITY; -- face outer bound

ENTITY face_surface
SUBTYPE OF (face, geometric_representation_item);

face_geometry : surface;

259


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

ISO 10303-225:1999(E)

same
END_ENTI

sense . BOOLEAN;

ITY; -- face_surface

ENTITY faceted_brep
SUBTYPE OF (manifold_solid_brep);

END_ENTI

TY; -- faceted _brep

ENTITY faceted_csg_shape_representation
SUBTYPE OF (shape_representation);

WHERE
wrl:

SIZEOF(QUERY ( jtem <* SELF.jtems | (NOT ((SIZEOF([

©ISO

wr2:

wr3:

wrd4:

wrb:

END_ENTI

'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM?] * TYPEOF(ltem)) i8]
OR (item.name = ’reference curve’))) )) = 0;

(SIZEOF(QUERY ( item <* SELF.items | (NOT (SIZEOF([
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEMT*TYPEOF(item))=1)) ))
>= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items |~(itrame =

'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items
(it.name = ’'reference curve’) )) <= 3));

SIZEOF(QUERY ( item <* SELF.items | ((
'BUILDING_DESIGN_SCHEMA.CSG_SOLID’ IN T&¥YPEOF(item)) AND (
NOT valid_faceted_csg tree(item\csg_solid.
tree_root expressmn))) ) = 0;

SIZEOF(QUERY ( mi <* QUERY ( item <* SElF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’' IN TYPEOF(item) ) ) | (
NOT (
'BUILDING_DESIGN_SCHEMA.FACETED_CSG_SHAPE_REPRESENTATION

TYPEOF(mi\mapped_item.mapping_source.mapped_representation)))))
= 0,

SIZEOF(QUERY( it <* SELF.items |x((it.name = ’reference curve’)

AND (NOT ((BUILDING_DESIGN SCHEMA POLYLINE’ IN TYPEOK(it))
OR ((BUILDING_DESIGN.SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING DESIGN SCHEMA. CIRCLE’ N TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

TY; -- faceted_csg_shape_representation

ENTITY faceted face with_thickness shape_representation
SUBTYPE OF (shape_representation, solid_model);

I’ IN

DF(

WHERE

wrl: SIZEOF(SELF.items) = 2;

wr2: SIZEOF(QUERY-( item <* SELF.items | ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.MEASURE_REPRESENTATION_ITEM’,
'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE_WITH_UNIT'] * TYPE(Q
item)) = 2) AND (item.name = 'thickness’)) )) = 1;

wr3: SIZEQOF(QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.FACE’' IN TYPEOF(item)) )) =

wr4: SIZEOF(QUERY ( item <* SELF.items | ((
'BUILDING_DESIGN_SCHEMA.FACE' IN TYPEOF(item)) AND (NOT (
SIZEOF(QUERY ( bnds <* item\face.bounds | (NOT (
'BUILDING_DESIGN_SCHEMA.POLY_LOOP’
IN TYPEOF(bnds bound))) ))

0) )) = 0,

wrb: SIZEOF(QUERY ( tem <* SELF.tems | (NOT (
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(item))) OR (
'BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(item\face_surface.
face_geometry))) )) = O;

END_ENTITY; -- faceted face with_thickness_shape_representation

ENTITY faceted_geometric_shape_representation
SUBTYPE OF (shape_representation);

WHERE
wrl:
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'BUILDING_DESIGN_SCHEMA.FACETED_BREP’,
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM] * TYPEOF(item)) = 1)
OR (item.name = 'reference curve’))) )) = O;
wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF(]
'BUILDING_DESIGN_SCHEMA.FACETED_BREP’,
'BUILDING_DESIGN_SCHEMA.MAPPED_TTEM*TYPEOF(item)) = 1) ))
>= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =
'reference curve’) ))) AND (SIZEOF(QUERY ( it <* SELF.items
(it.thame = ’'reference curve’) )) <= 3));
wr3: SIZEOF(QUERY (_msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.FACETED _BREP’ IN TYPEOF(item) ) ) |~(
NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (SIZEOF(
QUERY ( fcs <* csh\connected face_set.cfs faces | (NOT (
SIZEOF(QUERY ( bnds <* fcs.bounds | (NOT (
'BUILDING_DESIGN_SCHEMA.POLY_LOOP’
IN TYPEOF(bnds.bound))) ))
=0) ) =0))) =0))) =0 _
wrd: SIZEOF(QUERY ( msb <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.FACETED _BREP’ IN TYPEOF(item) ) ) | (
NOT (SIZEOF(QUERY ( csh <* msb_shells(msb) | (NOT (SIZEOF(
QUERY ( fcs <* csh.cfs faces | ((
'BUILDING_DESIGN SCHEMA FACE_SURFACE'_IN,"TYPEOF(fcs)) AND (
NOT ('BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(fcs\
face_surface.face_geometry)))) ) =0))) =0))) =
wr5: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’' IN TYPEOF(item) ) ) | (
NOT
(BUILDING_DESIGN_SCHEMA.FACETED_GEOMETRIC_SHAPE_REPRESENTATION'
IN TYPEOF(mi\mapped_item. mapplng source.
mapped_representation))) )) =
wr6: SIZEOF(QUERY( it <* SELF.items | ((|t name = ’reference curve’)
AND (NOT ((BUILDING_DESIGN SCHEMA POLYLINE’ IN TYPEOK(it))
OR ((BUILDING_DESIGN.SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING DESIGN SCHEMA. CIRCLE’ N TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =
END_ENTITY; -- faceted_geometrlc_shape_representatlon

ENTITY faceted_space_boundany shape_representation
SUBTYPE OF (shape_representation);
WHERE

wrl: SIZEOF(QUERY~( item <* SELF.items | (NOT ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’,
'BUILDING_DESIGN_SCHEMA.AXIS2_ PLACEMENT 3D]*TYPEOF(|tem))
=1) OR (item.name = ’reference curve))) )) =

wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOK(]
'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ [*TYPEOF(item)) = 1) ))
= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.items | (it.name =
'reference curve) ))) AND (SIZEOF(QUERY ( it <* SELF.items
| (t.name = ’'reference curve’) )) <= 3));

wr3: SIZEOF(QUERY ( csh <* QUERY ( item <* SELF.items | (
'BUILDING _DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(item) ) ) | (
NOT (SIZEOF(QUERY ( fcs <* csh\iconnected face_set.cfs faces
| (NOT (SIZEOF(QUERY ( bnds <* fcs.bounds | (NOT (
'BUILDING_DESIGN_SCHEMA.POLY_LOOP’
IN TYPEOF(bnds.bound))) ))
=0)) =0)) =0 _ _

wr4d: SIZEOF(QUERY ( mi <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ IN TYPEOF(item) ) ) | (
NOT ((BUILDING_DESIGN_SCHEMA. +
'FACETED SPACE BOUNDARY_SHAPE REPRESENTATION) IN TYPEOF(mi\
mapped_item.mapping_source.mapped_representation))) )) =
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wr5: SIZEOF(QUERY( it <* SELF.items | ((it.name = ’reference curve’)
AND (NOT ((BUILDING_DESIGN SCHEMA POLYLINE' IN TYPEOF(it))
OR ((BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING_DESIGN_SCHEMA.CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) = 0;
END_ENTITY; -- faceted_space_boundary_shape_representation

ENTITY faceted_wire_shape_representation
SUBTYPE OF (shape_representation);
WHERE
wrl: SIZEOF(QUERY (_item <* SELF.items | (NOT ((SIZEOFE(]
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED _ CURVE’
'BUILDING_DESIGN SCHEMA MAPPED ITEM’,
'BUILDING_DESIGN_SCHEMA. AXISZ_PLACEMENT_3D’]*TYPEOF(item))
= 1) OR (item.name = ’'reference curve’))) )) = 0;
wr2: (SIZEOF(QUERY ( item <* SELF.items | (SIZEOF([
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE’,
'BUILDING_DESIGN_SCHEMA.POLYLINE’,
'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’,
'BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’ ]*TYPEOF(ltem)) = 1) )
= 1) OR ((2 <= SIZEOF(QUERY ( it <* SELF.itemis | (it.name =
'reference curve) ))) AND (SIZEOF(QUERY (¢it™<* SELF.items
| (it.name = 'reference curve’) )) <= 3));
SIZEOF(QUERY ( item <* SELF.items | ((SIZEOF([
'BUILDING_DESIGN_SCHEMA.COMPOSITE CURVE’,
'BUILDING_DESIGN_SCHEMA.TRIMMEBR_ CURVE'J*TYPEOF(item)) = 1)
AND (NOT valid_faceted_wire_compasition(item))) )) = 0;
wrd: SIZEOF(QUERY ( mi <* QUERY ( item*<* SELF.items | (
'BUILDING_DESIGN_SCHEMA.MABPED_ITEM’' IN TYPEOF(item) ) ) | (
NOT ((BUILDING_DESIGN_SGHEMA." +
'FACETED_WIRE_SHAPE_REPRESENTATION’) IN TYPEOF(m|\
mapped_item.mapping_source. mapped_representatlon))) ) =

wr5: SIZEOF(QUERY( it <* SELF.items | ((it.name = ’reference curve)
AND (NOT (('BUILDING) DESIGN_SCHEMA.POLYLINE' IN TYPEOF(it))
OR (('BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(it))
AND (BUILDING:-.DESIGN_SCHEMA. CIRCLE’ IN TYPEOF(it\
trimmed_curve.basis_curve)))))) )) =

END_ENTITY; -- faceted_wire. shape_representation

w

Wra:

ENTITY fixture_equipment-element
SUBTYPE OF (proddct-definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)
| (BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN TYPEOF(pdr.
relating_product_ def|n|t|on)) ) = 1
wr2: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEMY)) =
wr3SIZEOF(QUERY ( pds <* QUERY ( pd <* USEDIN(SELF,
'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION.DEFINITION’) | (
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEQF(
pd)) ) | (SIZEOF(QUERY ( sa <* USEDIN(pds,
'BUILDING_DESIGN_SCHEMA.” + 'SHAPE_ASPECT.OF_SHAPE) | ((
'BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT" IN TYPEOF(sa))
AND (sa.description = ’'main component’)) )) = 1) )) = 1;
END_ENTITY; -- fixture_equipment_element

ENTITY functionally defined_transformation;
name . label;
description : text;
END_ENTITY; -- functionally_defined_transformation
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ENTITY geometric_curve_set
SUBTYPE OF (geometric_set);
WHERE
wrl: SIZEOF(QUERY ( temp <* SELF\geometric_set.elements | (
'BUILDING_DESIGN_SCHEMA.SURFACE' IN TYPEOF(temp)) )) =
END_ENTITY; -- geometric_curve_set

ENTITY geometric_representation_context
SUBTYPE OF (representation_context);
coordinate_space_dimension : dimension_count;
END_ENTITY:; -- geometric_representation_context

ENTITY geometric_representation_item
SUPERTYPE OF (ONEOF (point,direction,vector,placement,
cartesian_transformation_operator,curve,surface,edge_curve,
face_surface,poly_loop,vertex_point,solid_model,boolean_result,
sphere,right_circular_cone,right_circular_cylinder,torus,block,
half_space_solid,geometric_set))
SUBTYPE OF (representation_item);
DERIVE
dim : dimension_count := dimension_of(SELF);
WHERE
wrl: SIZEOF(QUERY ( using_rep <* using_representations(SELF) | (NOT
(BUILDING_DESIGN_SCHEMA.GEOMETRIC_ REPRESENTATION _CONTEXT’
IN TYPEOF(using_rep.context_of_items))) )), =
END_ENTITY; -- geometric_representation_item

ENTITY geometric_set
SUPERTYPE OF (geometric_curve_set)
SUBTYPE OF (geometric_representation_item);
elements : SET [1.?] OF geometric_set select;
END_ENTITY; -- geometric_set

ENTITY global_unit_assigned_context
SUBTYPE OF (representation_context);
units : SET [1:?] OF unit;
END_ENTITY; -- global_unit_assigned_context

ENTITY ground_face space_boundary shape_representation
SUBTYPE OF (shape_representation, solid_model);
WHERE
wrl: SIZEOF(SELF.items) = 1;
wr2: SIZEOF(QUERY-( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.FACE’' IN TYPEOF(item)) )) =
wr3: SIZEOF(QUERY ( item <* SELF.items | (NOT (SIZEOF(
QUERY ( bnds <* item\face.bounds | (NOT (
‘BUILDING_DESIGN_SCHEMA.POLY_LOOP’
IN TYPEOF(bnds.bound))) ))
0))) = 0;
wr4: SIZEOF(QUERY ( item <* SELF.items | ((NOT (
'BUILDING_DESIGN_SCHEMA.FACE_SURFACE’ IN TYPEOF(item))) OR
'BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(item\face_surface.
face_geometry))) )) = 0;
END ENTITY; -- ground face space boundary shape representation

ENTITY group;
name . label;
description : text;
END_ENTITY; -- group

ENTITY group_assignment
ABSTRACT SUPERTYPE;
assigned_group : group;
END_ENTITY; -- group_assignment
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ENTITY half_space_solid
SUBTYPE OF (geometric_representation_item);
base_ surface . surface;
agreement_flag : BOOLEAN;
END_ENTITY; -- half_space_solid

ENTITY hyperbola
SUBTYPE OF (conic);
semi_axis . positive_length_measure;
semi_imag_axis : positive_length_measure;
END_ENTITY; -- hyperbola

©ISO

ENTITY intersection_curve
SUBTYPE OF (surface_curve);
WHERE
wrl: SIZEOF(SELF\surface_curve.associated_geometry) = 2;
wr2: associated_surface(SELF\surface_curve.associated_geometry[1])
<> associated_surface(SELF\surface_curve.associated_geometry
(2]);
END_ENTITY; -- intersection_curve

ENTITY length_measure_with_unit
SUBTYPE OF (measure_with_unit);
WHERE
wrl: 'BUILDING_DESIGN_SCHEMA.LENGTH_UNIT" IN TYPEOF(SELF\
measure_with_unit.unit_component);
END_ENTITY; -- length_measure_with_unit

ENTITY length_unit
SUBTYPE OF (named_unit);
WHERE
wrl: (SELF\named_unit.dimensions.length_exponent = 1) AND (SELF\
named_unit.dimensions.mass_exponent = 0) AND (SELF\
named_unit.dimensions.timeZexponent = 0) AND (SELF\
named_unit.dimensions.electric_current_exponent = 0) AND (
SELF\named_unit.dimensions.
thermodynamic_temperature_exponent = 0) AND (SELF\named_unit
.dimensions.amount_of substance_exponent = 0) AND (SELF\
named_unit.dimensions.luminous_intensity _exponent = 0);
END_ENTITY; -- length_unit

ENTITY line
SUBTYPE OF (curve);
pnt : cartesian point;
dir : vector;
WHERE
wrl: dir.dim= pnt.dim;
END_ENTITYy N\ line

ENTITYleop
SURERTYPE OF (ONEOF (vertex_ loop,edge_loop,poly loop))
SUBTYPE OF (topological_representation_item);
END_ENTITY; -- loop

ENTITY manifold_solid_brep
SUBTYPE OF (solid_model);
outer : closed_shell;
END_ENTITY; -- manifold_solid_brep

ENTITY mapped_item
SUBTYPE OF (representation_item);
mapping_source : representation_map;
mapping_target : representation_item;
WHERE
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wrl: acyclic_mapped_representation(using_representations(SELF),
[SELF]);
END_ENTITY; -- mapped_item

ENTITY measure_representation_item
SUBTYPE OF (representation_item, measure_with_unit);
END_ENTITY; -- measure_representation_item

ENTITY measure_with_unit
SUPERTYPE OF (ONEOF (length_measure_with_unit,
plane angle measure with unit));
value_component : measure_value;
unit_component : unit;
WHERE
wrl: valid_units(SELF);
END_ENTITY; -- measure_with_unit

ENTITY name_assignment
ABSTRACT SUPERTYPE;
assigned_name : label;
END_ENTITY; -- name_assignment

ENTITY named_unit
SUPERTYPE OF (ONEOF (si_unit,conversion_based_unit) ANDOR ONEOF (
length_unit,plane_angle_unit));
dimensions : dimensional_exponents;
END_ENTITY; -- named_unit

ENTITY negative_component
SUBTYPE OF (shape_aspect);
WHERE

wrl: (SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION. DEFINITION)) >= 1) AND (SIZEOF(
QUERY ( pd <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION:-DEFINITION) | (NOT (SIZEOF(USEDIN(pd,
'BUILDING_DESIGN_SCHEMA." +
’PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’)) >= 1)) ))

0);

wr2: SIZEOF(TYPEOF(SELF of_shape.definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT’,
'BUILDING, DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT) = |1;

wr3: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) =

wr4: SIZEOF(QUERY ( pd <* USEDIN(SELF,’BUILDING_DESIGN SCHEMA +
'PROPERTY_DEFINITION.DEFINITION) | (NOT (SIZEOF(
QUERY ( pdr <* USEDIN(pd,'BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) | (NOT (
SIZEOF(TYPEOF(pdr.used_ representa‘uon) * [
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ADVANCED_CSG_SHAPE_REPRESENTATION’,
'BUILDING _DESIGN_SCHEMA." +
"ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_WIRE_SHAPE_REPRESENTATION’,

'BUILDING_DESIGN_SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’,

'BUILDING_DESIGN | SCHEMA. +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'‘BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN SCHEMA +
'ELEMENTARY_WIRE_SHAPE_REPRESENTATION’,
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'BUILDING_DESIGN_SCHEMA.FACETED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_WIRE_SHAPE_REPRESENTATIONY]) = 1)) )) = 0)) )) = 0;
END_ENTITY; -- negative_component

ENTITY offset _curve 3d
SUBTYPE OF (curve);
basis_curve ._curve;
distance . length_measure;
self intersect : LOGICAL;
ref_direction : direction;
WHERE
wrl: (basis_curve.dim = 3) AND (ref_direction.dim = 3);
END_ENTITY; -- offset curve_3d

ENTITY open_shell
SUBTYPE OF (connected_face_set);
END_ENTITY; -- open_shell

ENTITY opening
SUBTYPE OF (negative_component);
WHERE
wrl: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING_COMPONENT _ CLASSIFICATION " ASSIGNMENT. ITEMS))
wr2: SIZEOF(QUERY ( bcca <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS’) | (
NOT (bcca\group_assignment.assigned group.description =
‘opening’)) )) = 0;
END_ENTITY; -- opening

ENTITY ordinal_date
SUBTYPE OF (date);
day_component : day_in_year number;
WHERE
wrl: ((NOT leap_year(SELF.y€ar _component)) AND (1 <= day_component)
AND (day_component <= 365)) OR (leap_year(SELF.
year_component)” AND (1 <= day_component) AND (day_component
<= 366));
END_ENTITY; -- ordinal (date

ENTITY organizatiory
id OPTIONAL identifier;
name . label;
description.Z) text;

END_ENTITXY;\» organization

ENTITYorganization_assignment
ABSTRACT SUPERTYPE;
assigned_organization : organization;
role . organization_role;
END ENTITY; -- organization assignment

ENTITY organization_role;
name : label;
END_ENTITY; -- organization_role

ENTITY organizational_project;
name . label;
description . text;
responsible_organizations : SET [1:?] OF organization;
END_ENTITY; -- organizational_project
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ENTITY oriented_closed_shell
SUBTYPE OF (closed_shell);
closed_shell_element : closed_shell;
orientation : BOOLEAN,;
DERIVE
SELF\connected face_set.cfs faces : SET [1:?] OF face :=
conditional_reverse(SELF.
orientation,SELF.
closed_shell_element.cfs_faces);
WHERE
wrl: NOT (BUILDING DESIGN _SCHEMA.ORIENTED CLOSED SHELL' IN TYPEOF(
SELF.closed_shell_element));
END_ENTITY; -- oriented_closed_shell

ENTITY oriented_edge
SUBTYPE OF (edge);
edge_element : edge;
orientation : BOOLEAN;
DERIVE
SELF\edge.edge_start : vertex := boolean_choose(SELF.orientation;
SELF.edge_element.edge_start,SELF.
edge_element.edge_end);
SELF\edge.edge_end . vertex := boolean_choose(SELF.orientation,
SELF.edge_element.edge cend,SELF.
edge_element.edge_start);
WHERE
wrl: NOT ('BUILDING_DESIGN_SCHEMA.ORIENTED_EDGE’ IN TYPEOF(SELF.
edge_element));
END_ENTITY; -- oriented_edge

ENTITY oriented_face
SUBTYPE OF (face);
face_element : face;
orientation : BOOLEAN,;
DERIVE
SELF\face.bounds : SET [1:?] OF_face_bound := conditional_reverse(
SELF.orientation,SELF.face_element.bounds);
WHERE
wrl: NOT ('BUILDING_DESIGN SCHEMA.ORIENTED_FACE' IN TYPEOF(SELF.
face_element));
END_ENTITY; -- oriented_face

ENTITY oriented_open shell
SUBTYPE OF (open.shell);
open_shell_element : open_shell;
orientation : BOOLEAN;
DERIVE
SELF\connected_face_set.cfs_faces : SET [1:?] OF face :=
conditional_reverse(SELF.
orientation,SELF.
open_shell_element.cfs_faces);
WHERE
wrl: NOT ('BUILDING_DESIGN_SCHEMA.ORIENTED_OPEN_SHELL' IN TYPEOF(
SELF.open shell element));
END_ENTITY; -- oriented_open_shell

ENTITY oriented_path
SUBTYPE OF (path);
path_element : path;
orientation : BOOLEAN;
DERIVE
SELF\path.edge _list : LIST [1:?] OF UNIQUE oriented_edge =
conditional_reverse(SELF.orientation,SELF.
path_element.edge_list);
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WHERE
wrl: NOT ('‘BUILDING_DESIGN_SCHEMA.ORIENTED_PATH' IN TYPEOF(SELF.
path_element));
END_ENTITY; -- oriented_path

ENTITY outer_boundary_curve
SUBTYPE OF (boundary_curve);
END_ENTITY; -- outer_boundary_curve

ENTITY parabola
SUBTYPE OF (conic);

©ISO

focal_dist : length_measure;
WHERE
wrl: focal dist <> 0;
END_ENTITY; -- parabola

ENTITY parametric_representation_context
SUBTYPE OF (representation_context);
END_ENTITY; -- parametric_representation_context

ENTITY path
SUPERTYPE OF (ONEOF (edge_loop,oriented_path))
SUBTYPE OF (topological representation_item);
edge_list : LIST [1:?] OF UNIQUE oriented_edge;
WHERE
wrl: path_head to tail(SELF);
END_ENTITY; -- path

ENTITY pcurve
SUBTYPE OF (curve);

basis_surface . surface;
reference_to_curve : definitional_representation;
WHERE

wrl: SIZEOF(reference_to_curve\representation.items) = 1;
wr2: 'BUILDING_DESIGN_SCHEMA.CURVE’ IN TYPEOF(reference_to_curve\
representation.items[1]);
wr3: reference_to_curve\representation.items[1]\
geometric_representation_item.dim = 2;
END_ENTITY; -- pcurve

ENTITY person;
id

. identifier;
last_name . OPTIONAL label;
first_name ~OPTIONAL label;

middle_names- ./ OPTIONAL LIST [1:?] OF label,
prefix_titles .\ OPTIONAL LIST [1:?] OF label;
suffix_titlesZ) OPTIONAL LIST [1:?] OF label;
UNIQUE
url :edd;
WHERE
wrLYEXISTS(last_ name) OR EXISTS(first_name);
ENDUENTITY; -- person

ENTITY person and organization;

the_person . person;
the_organization : organization;
END_ENTITY; -- person_and_organization

ENTITY person_and_organization_assignment
ABSTRACT SUPERTYPE;
assigned_person_and_organization : person_and_organization;
role . person_and_organization_role;
END_ENTITY; -- person_and_organization_assignment
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ENTITY person_and_organization_role;
name : label;
END_ENTITY; -- person_and_organization_role

ENTITY person_assignment
ABSTRACT SUPERTYPE;
assigned_person : person;
role . person_role;
END_ENTITY; -- person_assignment

ENTITY person_role;
name : label,
END_ENTITY; -- person_role

ENTITY placement
SUPERTYPE OF (ONEOF (axisl_placement,axis2_placement_2d,
axis2_placement_3d))
SUBTYPE OF (geometric_representation_item);
location : cartesian_point;
END_ENTITY; -- placement

ENTITY plane
SUBTYPE OF (elementary_surface);
END_ENTITY; -- plane

ENTITY plane_angle _measure_with_unit
SUBTYPE OF (measure_with_unit);
WHERE
wrl: 'BUILDING_DESIGN_SCHEMA.PLANE_ANGLE UNIT' IN TYPEOF(SELF\
measure_with_unit.unit_component);
END_ENTITY; -- plane_angle_measure_with_unit

ENTITY plane_angle_unit
SUBTYPE OF (named_unit);
WHERE
wrl: (SELF\named_unit.dimensionslength_exponent = 0) AND (SELF\
named_unit.dimensions:mass_exponent = 0) AND (SELF\
named_unit.dimensions.time_exponent = 0) AND (SELF\
named_unit.dimensions.electric_current_exponent = 0) AND (
SELF\named_unit.dimensions.
thermodynamic_temperature_exponent = 0) AND (SELF\named_unit
.dimensiens:amount_of_substance_exponent = 0) AND (SELF\
named unit.dimensions.luminous_intensity _exponent = 0);
END_ENTITY; -- plane_angle_unit

ENTITY point
SUPERTYPE OF (cartesian_point)
SUBTYPEHOF (geometric_representation_item);
END_ENTITY; -- point

ENTITYpoly_loop
SUBTYPE OF (loop, geometric_representation_item);
polygon : LIST [3:?] OF UNIQUE -cartesian_point;
END ENTITY; -- poly loop

ENTITY polyline
SUBTYPE OF (bounded_curve);
points : LIST [2:?] OF cartesian_point;
END_ENTITY; -- polyline

ENTITY positive_component
SUBTYPE OF (shape_aspect);
WHERE
wrl: (SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
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’PROPERTY_DEFINITION.DEFINITION’)) >= 1) AND (SIZEOF(
QUERY ( pd <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION. DEFINITION) | (NOT (SIZEOF(USEDIN(pd,
'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION)) >= 1)) ))
= 0);

wr2: SIZEOF(TYPEOF(SELF.of_shape.definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ ENCLOSURE ELEMENTT) =

©ISO

END_ENTITY; -- positive_componeft
ENTITY product;

END_ENTITY; ~<=_product

ENTITY product_category;

ENDUENTITY; -- product_category

ENTITY product category relationship;

wr3: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA. +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) =
wr4: SIZEOF(QUERY ( pd <* USEDIN(SELF,’BUILDING_DESIGN SCHEMA +
'PROPERTY_DEFINITION. DEFINITION) | (NOT (SIZEOF(
QUERY ( pdr <* USEDIN(pd,’BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) |“(NOT (
SIZEOF(TYPEOF(pdr.used_representation) * [
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ADVANCED_CSG_SHAPE~REPRESENTATI
'BUILDING_DESIGN_SCHEMA." +
’ADVANCED FACE_ ‘WITH  THICKNESS_SHAPE_REPRESENTATION,
'‘BUILDING_DESIGN_SCHEMA." +
'ADVANCED_WIRE_SHAPE_REPRESENTATIQN",
'BUILDING_DESIGN_SCHEMA.ELEMENTARY, ! CSG _SHAPE_REPRESENTAT
'BUILDING_DESIGN | SCHEMA. +
'ELEMENTARY_FACE_WITH_THICKNESS SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ELEMENTARY .GEOMETRIC_SHAPE_REPRESENTA
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_WIRE_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMAACETED_CSG_SHAPE_REPRESENTATION
'BUILDING_DESIGN_SCHEMA," +
'"FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION,
'BUILDING_DESIGN SCHEMA FACETED GEOMETRIC SHAPE_ REPRESENTATI
'‘BUILDING_DESIGN_SCHEMA." +
'FACETED_WIRE_SHAPE_REPRESENTATION) = 1)) )) = 0)) )) =

id \identifier;

name . label;

description ~text;

frame_of_reference™ SET [1:?] OF product_context;
UNIQUE

url : id;

nanie . label;
description : OPTIONAL text;

DN’,

ION’,

[ION’,

=

DN’,

name . label;
description : text;
category . product_category;

sub_category : product category;

WHERE

wrl: acyclic_product_category_relationship(SELF,[SELF.sub_category]);

END_ENTITY; -- product_category_relationship

ENTITY product_context
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discipline_type : label;
END_ENTITY; -- product _context

ENTITY product_definition;

id . identifier;
description . text;
formation . product_definition_formation;

frame_of reference : product_definition_context;
END_ENTITY; -- product_definition

ENTITY product definition_context
SUBTYPE OF (application_context_element);
life_cycle_stage : label,
END_ENTITY; -- product_definition_context

ENTITY product_definition_formation;
id . identifier;
description : text;
of_product : product;
UNIQUE
url : id, of product;
END_ENTITY; -- product_definition_formation

ENTITY product_definition_relationship;

id . identifier;
name . label;
description . text;

relating_product_definition : product_definition;
related_product_definition : product_definition;
END_ENTITY; -- product_definition_relationship

ENTITY product_definition_shape
SUBTYPE OF (property_definition);
UNIQUE
url : definition;
WHERE
wrl: 'BUILDING_DESIGN_SCHEMA.CHARACTERIZED_PRODUCT_DEFINITION’ IN
TYPEOF(SELF\property_definition.definition);
END_ENTITY; -- product_definition."shape

ENTITY product_definition_uSage
SUPERTYPE OF (assembly_component_usage)
SUBTYPE OF (product—definition_relationship);
UNIQUE
url : id, relating/ product_definition, related_product_definition;
WHERE
wrl: acyelic’product_definition_relationship(SELF,[SELF\
product_definition_relationship.related_product_definition],
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_USAGE." +
'RELATED_PRODUCT_DEFINITION’);
END_ENTITY; -- product_definition_usage

ENTTY product_related_product_category
SUBTYPE OF (product category);
products : SET [1:?] OF product;
END_ENTITY; -- product_related_product_category

ENTITY property_definition;

name . label;

description : text;

definition : characterized_definition;
END_ENTITY; -- property_definition

ENTITY property_definition_representation;
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definition . property_definition;
used_representation : representation;
END_ENTITY; -- property_definition_representation

ENTITY quasi_uniform_curve
SUBTYPE OF (b_spline_curve);
END_ENTITY; -- quasi_uniform_curve

ENTITY quasi_uniform_surface
SUBTYPE OF (b_spline_surface);
END_ENTITY; -- quasi_uniform_surface

ENTITY rational_b_spline_curve
SUBTYPE OF (b_spline_curve);
weights_data : LIST [2:?] OF REAL;
DERIVE
weights : ARRAY [O:upper_index_on_control_points] OF REAL :=
list to_array(weights_data,0,
upper_index_on_control_points);
WHERE
wrl: SIZEOF(weights_data) = SIZEOF(SELF\b_spline_curve.
control_points_list);
wr2: curve_weights_positive(SELF);
END_ENTITY; -- rational_b_spline_curve

ENTITY rational_b_spline_surface
SUBTYPE OF (b_spline_surface);
weights_data : LIST [2:?] OF LIST [2:?] OF REAL;
DERIVE
weights : ARRAY [O:u_upper] OF ARRAY [0:vupper] OF REAL =
make_array_of array(weightsCdata,0,u_upper,0,v_upper);
WHERE
wrl: (SIZEOF(weights_data) = SIZEOF(SELF\b_spline_surface.
control_points_list)) AND (SIZEOF(weights_data[1l]) = SIZEOF(
SELF\b_spline_surface.control_points_list[1]));
wr2: surface_weights_positive(SELF);
END_ENTITY; -- rational_b_spline_surface

ENTITY recess
SUBTYPE OF (negative_component);
WHERE
wrl: SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING__ COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS")) =
wr2: SIZEOF(QUERY ( bcca <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT.ITEMS") | (
NOT (bcca\group_assignment.assigned_group.description =
‘recess”)) )) = 0;
END_ENTITY; N\~ recess

ENTITYTectangular_composite_surface
SUBTLYPE OF (bounded_surface);
segments : LIST [1:?] OF LIST [1:?] OF surface_patch;
DERIVE
n_u : INTEGER
n_v : INTEGER
WHERE
wrl: [] = QUER Y ( s <* segments | (n_v <> SIZEOF(s)) );
wr2: constraints_rectangular_composite _surface(SELF);
END_ENTITY; -- rectangular_composite_surface

SIZEOF(segments);
SIZEOF(segments[1]);

ENTITY rectangular_trimmed_surface
SUBTYPE OF (bounded_surface);
basis_surface : surface;
ul : parameter_value;
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u2 . parameter_value;

vl . parameter_value;

v2 . parameter_value;

usense : BOOLEAN;

vsense : BOOLEAN;
WHERE

wrl: ul <> u2;

wr2: vl <> v2;

wr3: ((BUILDING DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOR(
basis_surface)) AND (NOT ('BUILDING_DESIGN_SCHEMA.PLANE’ IN
TYPEOF(basis_surface)))) OR (
'BUILDING_DESIGN_SCHEMA.SURFACE_OF_REVOLUTION’ IN TYPEQFR(
basis_surface)) OR (usense = (U2 > ul));

wr4: (BUILDING_DESIGN_SCHEMA.SPHERICAL_SURFACE’' IN TYPEOR(
basis_surface)) OR (
'BUILDING_DESIGN_SCHEMA.TOROIDAL_SURFACE’ IN TYPEOF(
basis_surface)) OR (vsense = (v2 > vl));

END_ENTITY; -- rectangular_trimmed_surface

ENTITY representation;
name . label;
items : SET [1:?] OF representation_item;
context_of_items : representation_context;

END_ENTITY; -- representation

ENTITY representation_context;
context_identifier : identifier;
context_type ; text;
INVERSE
representations_in_context : SET [1:?] OF representation FOR
context of items;
END_ENTITY; -- representation_context

ENTITY representation_item;
name : label;
WHERE
wrl: SIZEOF(using_representationsS(SELF)) > 0;
END_ENTITY; -- representation_item

ENTITY representation_map;

mapping_origin : ‘representation_item;
mapped_representation™:. representation;
INVERSE
map_usage : SET.-[1:?] OF mapped_item FOR mapping_source;
WHERE

wrl: item_in\centext(SELF.mapping_origin,SELF.mapped_representation.
context_of items);
END_ENTITY;\»- representation_map

ENTITY (Tepresentation_relationship;

name . label;
description : text;

rep_1 . representation;
rep_2 . _representation;

END_ENTITY; -- representation_relationship

ENTITY representation_relationship_with_transformation
SUBTYPE OF (representation_relationship);
transformation_operator : transformation;
WHERE
wrl: SELF\representation_relationship.rep_1.context of items :<>:
SELF\representation_relationship.rep_2.context _of items;
END_ENTITY; -- representation_relationship_with_transformation
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ENTITY revolved_area_solid
SUBTYPE OF (swept_area_solid);
axis : axisl placement;
angle : plane_angle_measure;
DERIVE
axis_line : line := line(axis.location,vector(axis.z,1));
END_ENTITY; -- revolved_area_solid

ENTITY right_circular_cone
SUBTYPE OF (geometric_representation_item);

position . _axisl placement;

height . positive_length_measure;

radius . length_measure;

semi_angle : plane_angle_measure;
WHERE

wrl: radius >= 0;
END_ENTITY; -- right_circular_cone

ENTITY right_circular_cylinder
SUBTYPE OF (geometric_representation_item);
position : axisl_placement;
height . positive_length_measure;
radius . positive_length_measure;
END_ENTITY; -- right_circular_cylinder

ENTITY service_element
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF, BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION’)
| (BUILDING_DESIGN_SCHEMAZBUILDING_SECTION’ IN TYPEOF(pdr.
relating_product_ definition)) ) =01
wr2: SIZEOF(USEDIN(SELF,'BUILDING_BESIGN_SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEMY)) =
wr3: SIZEOF(QUERY ( pds <* QUERY ( pd <* USEDIN(SELF,
'BUILDING _ DESIGN | SCHEMA.PROPERTY_DEFINITION.DEFINITION’) | (
'BUILDING_DESIGN; SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEQF(
pd)) ) | (SIZEOF(QUERY ( sa <* USEDIN(pds,
'BUILDING_DESIGN_SCHEMA." + 'SHAPE_ASPECT.OF_SHAPE’) | ((
'BUILDING_DESIGN_SCHEMA.POSITIVE_COMPONENT’ IN TYPEOF(sa))
AND (sa.description = 'main component’)) )) = 1) )) =
END_ENTITY; -- servicecelement

ENTITY shape_aspeet;

name . label;
description . text;
of _shape . product_definition_shape;

produci~definitional : LOGICAL;
END_ENTITY,; -- shape_aspect

ENTITY:shape_aspect_relationship;
name . label;
description . text;
relating shape aspect : shape aspect;
related_shape aspect : shape_aspect;
END_ENTITY; -- shape_aspect_relationship

ENTITY shape_definition_representation
SUBTYPE OF (property_definition_representation);
WHERE
wrl: (BUILDING_DESIGN_SCHEMA.SHAPE_DEFINITION’ IN TYPEOF(SELF.
definition.definition)) OR (
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEOF(
SELF.definition));
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wr2: 'BUILDING_DESIGN_SCHEMA.SHAPE_REPRESENTATION' IN TYPEOF(SELF.
used_representation);
END_ENTITY; -- shape_definition_representation

ENTITY shape_representation
SUBTYPE OF (representation);
END_ENTITY; -- shape_representation

ENTITY si_unit
SUBTYPE OF (named_unit);
prefix : OPTIONAL si prefix;

name . si_unit_name;
DERIVE
SELF\named_unit.dimensions : dimensional_exponents :=
dimensions_for_si_unit(SELF.name);
END_ENTITY; -- si_unit

ENTITY site
SUBTYPE OF (characterized_object, product_definition);
WHERE
wrl: (SIZEOF(USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION. DEFINITION)) >= 1) AND(SIZEOF(
QUERY ( pd <* USEDIN(SELF,BUILDING_DESIGN"SCHEMA." +
'PROPERTY_DEFINITION. DEFINITION) | (SIZEOF(USEDIN(pd,
'‘BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION)) = 0) )) =
0);
wr2: SIZEOF(QUERY ( pd <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION.DEFINITIONY)- | (NOT (SIZEOF(
QUERY ( pdr <* USEDIN(pd,BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION") | (NOT (
'BUILDING_DESIGN_SCHEMA:SITE_REPRESENTATION’ IN TYPEOF(pdr.
used_representation))) )) = 0)) )) = O;
END_ENTITY; -- site

ENTITY site_representation
SUBTYPE OF (shape_representation);
WHERE
wrl: SIZEOF(QUERY ( pdf <* USEDIN(SELF,'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.USED_REPRESENTATION")
(NOT (BUILDING DESIGN SCHEMA.SITE' IN TYPEOF(pdr.definition
definitiom)))»)) =
wr2: SIZEOF(QUERY~ ( item <* SELF.items | (NOT (SIZEOF(]
'BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET’,
'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SETT] *
JYPEOF(item))
= 1)) =1, _ _
wr3: SIZEOF(QUERY ( cfs <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET’
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( fcs <* cfs\connected face set.
cfs_faces | (NOT (SIZEOF(QUERY ( bnds <* fcs.bounds | (NOT (
'BUILDING_DESIGN_SCHEMA.POLY_LOOP’

IN TYPEOF(bnds.bound))) ))
=0) ) =0)) =0 _ _

wr4d: SIZEOF(QUERY ( cfs <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.CONNECTED_FACE_SET’
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( fcs <* cfs\connected face set.
cfs_faces | (NOT (SIZEOF(QUERY ( bnds <* fcs.bounds | (NOT (
SIZEOF(bnds bound\poly_loop.polygon) = 3)) )) = 0)) ))

0) ) =0

wrb: SIZEOF(QUERY ( gcs <* QUERY ( item <* SELF.items | (

'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET’

275


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

ISO 10303-225:1999(E) ©ISO

IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( el <* gcs\geometric_set.elements | (
NOT (SIZEOF('BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’,
'BUILDING_DESIGN_SCHEMA.POLYLINE'] * TYPEOF(el)) = 1)) ))
0)) ) = 0O;
wr6: SIZEOF(QUERY ( gcs <* QUERY ( item <* SELF.items | (
'BUILDING_DESIGN_SCHEMA.GEOMETRIC_CURVE_SET’
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( el <* gcs\geometric_set.elements | (
'BUILDING_DESIGN_SCHEMA.CARTESIAN_POINT’ IN TYPEOF(el)) ))
>= 1) ) = 0;
wr7: SIZEOF(QUERY ( gcs <* QUERY ( item <* SELF.items | (
'BUILDING DESIGN SCHEMA.GEOMETRIC_CURVE_SET’
IN TYPEOF(item)) )
| (NOT (SIZEOF(QUERY ( pline <* QUERY ( el <* gcs\
geometric_set.elements | ('BUILDING_DESIGN_SCHEMA.POLYUNE
IN TYPEOF(el) ) ) | (NOT (SIZEOF(QUERY ( pline_pt <* plineX
polyline.points | (NOT (pllne_pt IN gcs\geometric_set.

elements)) )) = 0)) )) = 0)) ) =
END_ENTITY; -- site_representation

ENTITY solid_model
SUPERTYPE OF (ONEOF (csg_solid,manifold_solid_brep,sweptCarea_solid))
SUBTYPE OF (geometric_representation_item);

END_ENTITY; -- solid_model

ENTITY space_element
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF;BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED PRODUCT_DEFINITION?)
| (’BUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN TYPEOF(pdr.
relating_product_ definition)) D= 1
wr2: SIZEOF(USEDIN(SELF,'BUILDING DESIGN  SCHEMA." +
'BUILDING ITEM IDENTHIEICATION_ASSIGNMENT.ITEM)) = 1;
wr3: (SIZEOF(QUERY ( pd <* USEDIN(SELF,BUILDING_DESIGN SCHEMA +
'PROPERTY_ DEFINITION DEFINITION’)
'BUILDING DESIGN,"SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEQF(
d)) )) >="1) AND (SIZEOF(QUERY ( pds <* QUERY ( pd <*
USEDIN(SELF
'BUILDING._DESIGN_SCHEMA.PROPERTY_DEFINITION.DEFINITION’) | (
'BUILDING,"DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE’ IN TYPEQF(
pd)) ) (I \(NOT (SIZEOF(USEDIN(pds,'BUILDING_DESIGN_SCHEMA. +
’PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’)) >= 1)) ))
wr4: SIZEOF(QUERY ( pd <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION.DEFINITION) | (NOT (SIZEOF(
QUERY ( pdr <* USEDIN(pd, BUILDING_DESIGN_SCHEMA. +
'PROPERTY_DEFINITION_REPRESENTATION.DEFINITION’) | (NOT (
SIZEOF(TYPEOF(pdr.used_ representa‘uon) * [
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA. +
'"FACETED_SPACE_BOUNDARY_SHAPE_REPRESENTATION/,
'BUILDING_DESIGN_SCHEMA." +
'GROUND_FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATIONY) = 1)) ))
=0) ) =0
END_ENTITY; -- space_element

ENTITY sphere
SUBTYPE OF (geometric_representation_item);
radius : positive_length_measure;
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centre : point;
END_ENTITY; -- sphere

ENTITY spherical_surface
SUBTYPE OF (elementary_surface);
radius : positive_length_measure;
END_ENTITY; -- spherical_surface

ENTITY structure_enclosure_element
SUBTYPE OF (product_definition);
WHERE
wrl: SIZEOF(QUERY ( pdr <* USEDIN(SELF,BUILDING_DESIGN_SCHEMA." +
'PRODUCT_DEFINITION_RELATIONSHIP.RELATED_PRODUCT_DEFINITION?)
| CBUILDING_DESIGN_SCHEMA.BUILDING_SECTION’ IN TYPEOF(pgdr.
relating_product_ def|n|t|on)) ) = 1
wr2: SIZEOF(USEDIN(SELF,'BUILDING DESIGN SCHEMA." +
'BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT.ITEM)) =
wr3: SIZEOF(QUERY ( pds <* QUERY ( pd <* USEDIN(SELF,
'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION.DEEINITION’) | (
'BUILDING_DESIGN_SCHEMA.PRODUCT_DEFINITION_SHAPE' IN TYPEQF(
pd)) ) | (SIZEOF(QUERY ( sa <* USEDIN(pds,
'BUILDING_DESIGN_SCHEMA." + 'SHAPE_ASPECT.OF_SHAPE") | ((
'BUILDING_DESIGN SCHEMA POSITIVE_ COMPONENT’ IN TYPEOF(sa))
AND (sa.description = 'main component’)) )) = 1)) =
END_ENTITY; -- structure_enclosure_element

ENTITY surface
SUPERTYPE OF (ONEOF (elementary_surface,sweptsurface,bounded_surface))
SUBTYPE OF (geometric_representation_item);

END_ENTITY; -- surface

ENTITY surface_curve
SUPERTYPE OF (intersection_curve)
SUBTYPE OF (curve);

curve_3d . curve;

associated_geometry : LIST [L:2) OF pcurve_or_surface;

master_representation : preferred Surface_curve_representation;
DERIVE

basis_surface : SET [1:2] (OF surface := get basis_surface(SELF);
WHERE

wrl: curve_3d.dim = 3;
wr2: (‘BUILDING_DESIGN_SCHEMA.PCURVE’ IN TYPEOF(associated _geometry[
1])) OR (master_representation <> pcurve_sl);
wr3: (BUILDING. DESIGN_SCHEMA.PCURVE' IN TYPEOF(associated_geometry[
2P))\OR (master_representation <> pcurve_s2);
wrd: NOT (BUILDING_DESIGN_SCHEMA.PCURVE' IN TYPEOF(curve_3d));
END_ENTITY; ~<=_5surface_curve

ENTITY sutface of linear_extrusion
SUBTYPE OF (swept_surface);
extrision_axis : vector;
ENDUENTITY; -- surface_of_linear_extrusion

ENTITY surface_of revolution
SUBTYPE OF (swept_surface);
axis_position : axisl_placement;
DERIVE
axis_line : line := line(axis_position.location,vector(axis_position
.2,1));
END_ENTITY; -- surface_of revolution

ENTITY surface_patch;
parent_surface : bounded_surface;
u_transition . transition_code;
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V_transition . transition_code;
u_sense . BOOLEAN,;
v_sense . BOOLEAN,;
INVERSE
using_surfaces : BAG [1:?] OF rectangular_composite_surface FOR
segments;
WHERE

wrl: NOT ('‘BUILDING_DESIGN_SCHEMA.CURVE_BOUNDED_SURFACE’ IN
parent_surface));
END_ENTITY; -- surface_patch

©ISO

TYPEOF(

ENTITY swept_area_ solid
SUPERTYPE OF (ONEOF (revolved_area_solid,extruded_area_solid))
SUBTYPE OF (solid_model);
swept_area : curve_bounded_surface;
WHERE
wrl: 'BUILDING_DESIGN_SCHEMA.PLANE' IN TYPEOF(swept_area.
basis_surface);
END_ENTITY; -- swept_area_solid

ENTITY swept_surface
SUPERTYPE OF (ONEOF (surface_of linear_extrusion,
surface_of revolution))
SUBTYPE OF (surface);
swept_curve : curve;
END_ENTITY; -- swept_surface

ENTITY topological_representation_item
SUPERTYPE OF (ONEOF (vertex,edge,face_bound;face,connected_face_set,
loop ANDOR path))
SUBTYPE OF (representation_item);
END_ENTITY; -- topological_representation_itermn

ENTITY toroidal_surface
SUBTYPE OF (elementary_ surface);
major_radius : positive_length_measure;
minor_radius : positive_length_measure;
END_ENTITY; -- toroidal_surface

ENTITY torus
SUBTYPE OF (geometric\representation_item);
position . axisIplacement;
major_radius : positive_length_measure;
minor_radius : positive_length_measure;
WHERE
wrl: major-radius > minor_radius;
END_ENTITY, ~=_torus

ENTITY trimmed_curve
SUBTYPE OF (bounded_curve);

basis_curve . curve;
trim_1 : SET [1:2] OF trimming_select;
trim_2 : SET [1:2] OF trimming_select;
sense agreement . BOOLEAN;
master_representation : trimming_preference;

WHERE

wrl: (HIINDEX(trim_1) = 1) XOR (TYPEOF(trim_1[1])
<> TYPEOF(trim_1[2]));
wr2: (HIINDEX(trim_2) = 1) XOR (TYPEOF(trim_2[1])
<> TYPEOF(trim_2[2]));
END_ENTITY; -- trimmed_curve

ENTITY truncated_pyramid
SUBTYPE OF (boolean_result);
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END_ENTITY; -- truncated_pyramid

ENTITY uniform_curve
SUBTYPE OF (b_spline_curve);
END_ENTITY; -- uniform_curve

ENTITY uniform_surface
SUBTYPE OF (b_spline_surface);
END_ENTITY; -- uniform_surface

ENTITY vector
SUBTYPE OF (geometric_representation_item);
orientation : direction;
magnitude . length_measure;
WHERE
wrl: magnitude >= O;
END_ENTITY; -- vector

ENTITY versioned_action_request;

id . identifier;
version : label;
purpose . text;

description : text;
END_ENTITY; -- versioned_action_request

ENTITY vertex
SUBTYPE OF (topological representation_item);
END_ENTITY; -- vertex

ENTITY vertex_loop
SUBTYPE OF (loop);
loop_vertex : vertex;
END_ENTITY; -- vertex_loop

ENTITY vertex_point
SUBTYPE OF (vertex, geometric_representation_item);
vertex_geometry : point;
END_ENTITY; -- vertex_point

ENTITY week_of year and_day date
SUBTYPE OF (date);
week _component : week_in_year_number;
day _component {OPTIONAL day_in_week number;
END_ENTITY; -- week of year and_day date

RULE application\centext_requires_ap_definition FOR (application_context,
application_protocol_definition);
WHERE
wrl: SIZEOF(QUERY ( ac <* application_context | (NOT (SIZEOF(

QUERY ( apd <* application_protocol_definition | ((ac :=: apd.
application) AND (apd.
application_interpreted_model_schema_name =
‘building_design_schema’)) )) = 1)) )) = O;

END_RULE; -- application_context_requires_ap_definition

RULE building_element_maps_into_building_section FOR (mapped_item,
representation_relationship_with_transformation);

WHERE
wrl: SIZEOF(QUERY ( mi <* mapped_item | ((SIZEOF(QUERY ( pdr <*
USEDIN(mi.mapping_source.mapped_representation,
'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.” + '"USED_REPRESENTATION’)
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| (SIZEOF(TYPEOF(pdr.definition.definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.FIXTURE EQUIPMENT ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE_ENCLOSURE_ELEMENT’]) = 1)))
>= 1) AND (NOT (SIZEOF(QUERY ( r <* USEDIN(mi,
’BUILDING_DESIGN_SCHEMA.’ + ’REPRESENTATION.ITEMS’) | (SIZEOK(
QUERY ( pdr <* USEDIN(r,BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.USED_REPRESENTATION’) | (
‘BUILDING_DESIGN_SCHEMA.BUILDING SECTION' IN TYPEOF(pdr.

END_RULE;

WHERE

wr2: SIZEOF(QUERY ( rrwt <*

wr3: SIZEOF(QUERY ( rwt 1 <*

RULE compatible_dimension FOR (cartesian_point, direction,

wrli—SIZEOF(QUER Y ( x <* cartesian_point | (SIZEOF(QUER Y (y <*

definition.definition)) )) >= 1) )) = 1)) )) =

representation_relationship_with_transformation | ((SIZEOF(
QUERY ( pdr <* USEDIN(rrwt\representation_relationship.rep_2,
'BUILDING_DESIGN_SCHEMA." +
'PROPERTY_DEFINITION_REPRESENTATION.” + '"USED_REPRESENTATION)
| (SIZEOF(TYPEOF(pdr.definition.definition) * [
'BUILDING_DESIGN_SCHEMA.BUILDING_ELEMENT",
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SPACE_ELEMENT’,
'BUILDING_DESIGN_SCHEMA.STRUCTURE__ ENCLOSURE _ELEMENTTY]) = 1)
>= 1) AND (NOT (SIZEOF(QUERY ( pdr <* USEDIN(rrwt\
representation_relationship.rep_1,

'BUILDING_DESIGN_SCHEMA. PROPERTY DEFINITION_ +
'REPRESENTATION.USED_REPRESENTATION’)
'BUILDING_DESIGN_SCHEMA.BUILDING ‘SECTION’ IN TYPEOF(pdr.
definition.definition)) )) = 1))) )) = O;

~

representation_relationship_with_transformation | (SIZEOF(
QUERY ( rrwt 2 <*
representation_relationship_with_dransformation | ((SIZEOF(
QUERY ( pdr <*

USEDIN(rrwt_1\representation_relationship.rep_2,
'BUILDING_DESIGN_SCHEMA.PROPERTY_DEFINITION_’ +
'REPRESENTATION.USED_REPRESENTATION’) | (SIZEOF(TYPEOF(pdr.
definition.definition) .*(
'BUILDING_DESIGN>SCHEMA.BUILDING_ELEMENT",
'BUILDING_DESIGN_SCHEMA.FIXTURE_EQUIPMENT_ELEMENT,
'BUILDING_DESIGN_SCHEMA.SERVICE_ELEMENT,

'BUILDING /DESIGN_SCHEMA.SPACE_ELEMENT’,

'BUILDING ;DESIGN_SCHEMA." + 'STRUCTURE_ENCLOSURE_ELEMENT)
1) )) »>= 1) AND (rrwt_1\representation_relationship. rep_2 =

rrwt 2\representation_relationship.rep_2)) )) >= 1) )) =

-- building_element_maps_into_building_section

representation_context, geometric_representation_context);

geometric_representation_context | (item_in_context(x,y) AND (
HIINDEX(x.coordinates) <> y.coordinate_space_dimension)) )) >
0))) = 0

wr2: SIZEOF(QUERY ( x <* direction | (SIZEOF(QUER Y (y <

END_RULE;

geometric_representation_context | (item_in_context(x,y) AND (
HIINDEX(x.direction_ratios) <>
y.coordinate_space_dimension)) ))

>0))) =

-- compatible_dimension

RULE geometric_representation_context 3d FOR (
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WHERE
wrl: SIZEOF(QUERY ( grc <* geometric_| representatlon context | (NOT (
grc.coordinate_space_dimension = 3)) )) =

END_RULE; -- geometric_representation_context_3d
RULE restrict_application_context FOR (application_context);
WHERE

wrl: SIZEOF(QUERY ( ac <* application_ context | (NOT (ac.application =
‘building _shape composition’)) )) =

END_RULE; -- restrict_application_context
RULE restrict_origin_and_target FOR (mapped_item);

WHERE
wrl: SIZEOF(QUERY ( mi <* mapped_item | (NOT ((
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_ 3D’ IN TYPEOF(mi.
mapping_target)) AND (
'BUILDING_DESIGN_SCHEMA.AXIS2_PLACEMENT_3D’ IN“TYPEOF(mi.
mapping_source.mapping_origin)))) )) = 0;

END_RULE; -- restrict_origin_and_target

RULE shape_representation_subtype_exclusiveness FOR (
shape_representation);
WHERE
wrl: SIZEOF(QUERY ( sr <* shape_representation:} (NOT (SIZEOF(TYPEOKF(
sr) * BUILDING_DESIGN_SCHEMA.**
'ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA. ADVANCED_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.'«\+
'’ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_ SCHEMA +
'ADVANCED_SPACE_BQUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.ADVANCED_WIRE_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN.SCHEMA.ELEMENTARY_CSG_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN SCHEMA +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_ ‘SCHEMA.ELEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION’,
'BUILDING (DESIGN_SCHEMA." +
'ELEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING” DESIGN_SCHEMA." +
'ELEMENTARY_WIRE_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED_CSG SHAPE REPRESENTATION’,
'BUILDING_DESIGN SCHEMA +
'EACETED_FACE_WITH_THICKNESS_ SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED GEOMETRIC_SHAPE_REPRESENTAT|ION’,
'BUILDING_DESIGN_SCHEMA." +
’FACETED_SPACE_BOUNDARY_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.FACETED_WIRE_SHAPE_REPRESENTATION’
'BUILDING_DESIGN_SCHEMA." +
'GROUND_FACE_SPACE_BOUNDARY_SHAPE_ REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.SITE_REPRESENTATIONT]) <= 1)) )) =
END_RULE; -- shape_representation_subtype_exclusiveness

RULE subtype _mandatory_geometric_set FOR (geometric_set);
WHERE
wrl: SIZEOF(QUERY ( gs <* geometric_set | (NOT (
'BUILDING DESIGN  SCHEMA.GEOMETRIC_CURVE_SET
IN TYPEOF(gs))) ))
= 0;

END_RULE; -- subtype_mandatory_geometric_set
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RULE subtype_mandatory group FOR (group);
WHERE
wrl: SIZEOF(QUERY ( g <* group | (NOT
(BUILDING_DESIGN_SCHEMA.BUILDING_COMPONENT_CLASSIFICATION_GROUP’
IN TYPEOF(Q))) )) = 0;
END_RULE; -- subtype_mandatory _group

RULE subtype_mandatory_solid_model FOR (solid_model);
WHERE
wrl: SIZEOF(QUERY ( sm <* solid_model | (NOT (SIZEOF(TYPEOF(sm) * [

‘BUILDING_DESIGN_SCHEMA.CSG_SOLID’
'BUILDING_DESIGN_SCHEMA.MANIFOLD_SOLID_BREP’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID',
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA." +
'ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION,
'BUILDING_DESIGN_SCHEMA." +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_ SHAPE_REPRESENTATIONT) = 1)) ))
- 0,

subtype_mandatory_solid_model

END_RULE;

FUNCTION acyclic_curve_replica(
rep: curve_replica;
parent: curve
). BOOLEAN;
IF NOT ('BUILDING_DESIGN_SCHEMA.CURVE_REPIICA' IN TYPEOF(parent))
THEN
RETURN(TRUE);
END_IF;
IF parent :=: rep THEN
RETURN(FALSE);
ELSE
RETURN(acyclic_curve_replica(rep,parent\curve_replica.parent_curve));
END_IF;

END_FUNCTION; -- acyclic_curve.feplica

FUNCTION acyclic_mapped_representation(
parent_set. 'SET OF representation;
children set:” SET OF representation_item
). BOOLEAN;

LOCAL
i : INTEGER,
X : SET -OF’ representation_item;
y : SEAOF representation_item;
END_LOCAL;
X = QUERY ( z <* children_set | (BUILDING_DESIGN_SCHEMA.MAPPED_ITEM’
IN' TYPEOF(2)) );
IFUSIZEOF(x ) > 0 THEN
REPEAT i := 1 TO HIINDEX(x) BY 1,

IF x[il\mapped item.mapping source.mapped representation IN

parent_set THEN
RETURN(FALSE);

END_IF;

IF NOT acyclic_mapped_representation(parent_set + x[ij\mapped_item
.mapping_source.mapped_representation,x[i\mapped_item.
mapping_source.mapped_representation.items) THEN

RETURN(FALSE);

END_IF;

END_REPEAT,
END_IF;
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X := children_set - x;
IF SIZEOF(x ) > 0 THEN
REPEAT i := 1 TO HIINDEX(x) BY 1,
y = QUERY ( z <* bag_to_set(USEDIN(X[I],”)) | (
'BUILDING_DESIGN_SCHEMA.REPRESENTATION_ITEM' IN TYPEOF(z)) );
IF NOT acyclic_mapped_representation(parent_set,y) THEN
RETURN(FALSE);
END_IF;
END_REPEAT;
END_IF;
RETURN(TRUE):

END_FUNCTION; -- acyclic_mapped_representation

FUNCTION acyclic_product_category_relationship(
relation: product_category_relationship;
children: SET OF product_category

): LOGICAL;
LOCAL
[ . INTEGER;
X . SET OF product_category_relationship;
local_children : SET OF product_category;
END_LOCAL;
REPEAT i := 1 TO HIINDEX(children) BY 1;
IF relation.category :=: children[i] THEN
RETURN(FALSE);
END_IF;
END_REPEAT;

X = bag_to_set(USEDIN(relation.category, BUILDING DESIGN_SCHEMA." +
'PRODUCT_CATEGORY_RELATIONSHIP,SUB CATEGORY");
local_children := children + relation.category;
IF SIZEOF(x ) > 0 THEN
REPEAT i := 1 TO HIINDEX(x) BY-1;
IF NOT acyclic_product_category ~relationship(x[i],local_children)
THEN
RETURN(FALSE);
END_IF;
END_REPEAT,
END_IF;
RETURN(TRUE);

END_FUNCTION; -- acychic_product_category_relationship

FUNCTION acyclic-proaduct_definition_relationship(
relation: product_definition_relationship;
relatives: SET OF product_definition;
specific_relation: STRING

): LOGICAL;
LOCAL
i . INTEGER,;
X : SET OF product_definition_relationship;
local relatives : SET OF product definition;
END_LOCAL;
REPEAT i := 1 TO HIINDEX(relatives) BY 1;
IF relation.relating_product_definition :=: relatives[i] THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;

x = bag_to_set(USEDIN(relation.relating_product_definition,
specific_relation));

local_relatives := relatives + relation.relating_product_definition;

IF SIZEOF(x ) > 0 THEN
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REPEAT i := 1 TO HIINDEX(x) BY 1,
IF NOT acyclic_product_definition_relationship(x][i],
local_relatives,specific_relation) THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
END_IF;
RETURN(TRUE);

END_FUNCTION; -- acyclic_product_definition_relationship

FUNCTION associated_surface(
arg: pcurve_or_surface
): surface;

LOCAL
surf : surface;

END_LOCAL,;

IF 'BUILDING_DESIGN_SCHEMA.PCURVE’ IN TYPEOF(arg) THEN
surf := arg.basis_surface;

ELSE

surf := arg;
END_IF;
RETURN(surf);

END_FUNCTION; -- associated_surface

FUNCTION bag_to_set(
the_bag: BAG OF GENERIC:intype
): SET OF GENERIC:intype;

LOCAL
[ . INTEGER,;
the_set : SET OF GENERIC:intype :=7]];
END_LOCAL;
IF SIZEOF(the_bag ) > 0 THEN
REPEAT i := 1 TO HIINDEX(the-bag) BY 1;
the_set := the _set + the_bag]i];
END_REPEAT,
END_IF;

RETURN(the_set);
END_FUNCTION; -- bag,to_set

FUNCTION base_axis(
diy INTEGER,;
axisl, axis2, axis3: direction
): LIST~[2:3] OF direction;

LOCAL
u : LIST [2:3] OF direction;
vec . direction;
factor : REAL;
END _LOCAL;
IF dm = 3 THEN
u[3] := NVL(normalise(axis3),direction([0,0,1]));
u[l] := first_proj_axis(u[3],axisl);
u[2] := second_proj_axis(u[3],u[1],axis2);
ELSE
u[3] =

’).
IF EXISTS(axisl) THEN
u[l] := normalise(axisl);
u[2] := orthogonal _complement(u[1]);
IF EXISTS(axis2) THEN
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factor := dot_product(axis2,u[2]);
IF facto r < 0 THEN
u[2].direction_ratios[1] :
u[2].direction_ratios[2] :
END_IF;
END_IF;
ELSE
IF EXISTS(axis2) THEN

-u[2].direction_ratios[1];
-u[2].direction_ratios[2];

u[2] := normalise(axis2);
u[l] := orthogonal _complement(u[2]);
u[l].direction_ratios[1] := -u[l].direction_ratios[1];
u[1].direction_ratios[2] := -u[l].direction_ratios[2];
ELSE
u[l].direction_ratios[1] = 1;
u[l].direction_ratios[2] = O;
u[2].direction_ratios[1] := O;
u[2].direction_ratios[2] = 1;
END_IF;
END_IF;
END_IF;
RETURN(u);

END_FUNCTION; -- base_axis

FUNCTION boolean_choose(
b: BOOLEAN;
choicel, choice2: GENERIC:item
): GENERIC:item;
IF b THEN
RETURN(choicel);
ELSE
RETURN(choice2);
END_IF;

END_FUNCTION; -- boolean_choose

FUNCTION build_2axes(
ref_direction: direction
): LIST [2:2] OF direction;

LOCAL
u : LIST [2:2] OF direction;
END_LOCAL;
u[l] := NVL(normalise(ref_direction),direction([1,0]));
u[2] := orthogonal.complement(u[1]);
RETURN(u);

END_FUNCHQON; -- build_2axes
FUNCTION: build_axes(

axis, ref _direction: direction
)='LIST [3:3] OF direction;

LOCAL

u : LIST [3:3] OF direction;
END_LOCAL;
u[3] := NVL(normalise(axis),direction([0,0,1]));

ull] :; first_proj_axis(u[3],ref_direction);
u[2] := normalise(cross_product(u[3],u[1])).orientation;
RETURN(u);

END_FUNCTION; -- build_axes
FUNCTION conditional_reverse(
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p: BOOLEAN,;
an_item: reversible_topology
): reversible_topology;
IF p THEN
RETURN(an_item);
ELSE
RETURN(topology reversed(an_item));
END_IF;

END_FUNCTION; -- conditional_reverse

FUNCTION constraints_composite_curve_on_surface(
c: composite_curve_on_surface
): BOOLEAN;

LOCAL

n_segments : INTEGER := SIZEOF(c.segments);
END_LOCAL;
REPEAT k := 1 TO n_segments BY 1,

IF (NOT (BUILDING_DESIGN_SCHEMA.PCURVE’' IN TYPEOF(c\composite_curve
.segments[Kk].parent_curve))) AND (NOT (
'BUILDING_DESIGN_SCHEMA.SURFACE_CURVE’' IN TYPEOF(c\
composite_curve.segments[k].parent_curve))) AND (NOTC¢
'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE_ON“SURFACE’' IN TYPEOH(c\
composite_curve.segments[k].parent_curve))) THEN

RETURN(FALSE);

END_IF;

END_REPEAT,;
RETURN(TRUE);

END_FUNCTION; -- constraints_composite_curve_on_surface

FUNCTION constraints_param_b_spline(
degree, up_knots, up_cp: INTEGER;
knot_mult: LIST OF INTEGER;
knots: LIST OF paraméter_value

): BOOLEAN;
LOCAL
k . INTEGER,;
I : INTEGER,;
sum . INTEGER;
result : BOOLEAN™ =" TRUE;
END_LOCAL;
sum := knot_multf1];
REPEAT i :=-2-T0 up_knots BY 1;
sum = sdm’ + knot_mult[i];
END_REPEAT;

IF (degree < 1) OR (up_knots < 2) OR (up_cp < degree) OR (sum <> (
degree + up_cp + 2)) THEN
result := FALSE;
RETURN(result);
END_IF;
k := knot mult[1];
IF (k < 1) OR (k > (degree + 1)) THEN
result := FALSE;

RETURN(result);
END_IF;
REPEAT i := 2 TO up_knots BY 1,

IF (knot_mult[i] < 1) OR (knots[i] <= knots[i - 1]) THEN
result := FALSE;
RETURN(result);

END_IF;

k := knot_mult[i];
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IF (i < up_knots) AND (k > degree) THEN
result := FALSE;
RETURN(result);
END_IF;
IF (i = up_knots) AND (k > (degree + 1)) THEN
result := FALSE;
RETURN(result);
END_IF;
END_REPEAT,;
RETURN(result);

END_FUNCTION; -- constraints_param_b_spline

FUNCTION constraints_rectangular_composite_surface(
s: rectangular_composite_surface

): BOOLEAN;
REPEAT i := 1 TO s.n_u BY 1,
REPEAT j .= 1 TO s.n_v BY 1,

IF NOT ((BUILDING DESIGN_SCHEMA.B_SPLINE_SURFACE’ IN,TYPEOF(s.
segmentsli][jl.parent_surface)) OR (
'BUILDING_DESIGN_SCHEMA.RECTANGULAR_TRIMMEDMSURFACE' IN TYP
s.segments]i][j].parent_surface))) THEN

RETURN(FALSE);
END_IF;
END_REPEAT,;
END_REPEAT,;
REPEAT i := 1 TO s.n_ u - 1 BY 1,
REPEAT j ;== 1 TO s.n_v BY 1,
IF s.segmentsi][j].u_transition = discontinuous\FTHEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
END_REPEAT,;
REPEAT i := 1 TO s.n_u BY 1;
REPEAT j := 1 TO s.n_ v - 1 BY-\l;
IF s.segmentsi][j].v_transition =Cdiscontinuous THEN
RETURN(FALSE);
END_IF;
END_REPEAT,;
END_REPEAT,;
RETURN(TRUE);

END_FUNCTION; -- constraints_rectangular_composite_surface

FUNCTION cross_gproeduct(
argl, arg2: direction

FOF(

): vector;

LOCAL
v2 : LIST [3:3] OF REAL;
vl . LIST [3:3] OF REAL;
mag : REAL;
res . direction;
result : vector;

END_LOCAL,

IF (NOT EXISTS(argl)) OR (argl.dim = 2) OR (NOT EXISTS(arg2)) OR (arg2
.dim = 2) THEN
RETURN(?);
ELSE
BEGIN
vl := normalise(argl).direction_ratios;
v2 := normalise(arg2).direction_ratios;
res.direction_ratios[1] := (v1[2] * v2[3]) - (V1[3] * v2[2]);
res.direction_ratios[2] = (v1[3] * v2[1]) - (v1[1] * v2[3]);
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res.direction_ratios[3] = (vi[1] * v2[2]) - (v1[2] * v2[1]);

mag := O;

REPEAT i := 1 TO 3 BY 1;
mag = mag + (res.direction_ratios[i] * res.direction_ratios[i]);

END_REPEAT,;

IF mag > 0 THEN
result.orientation
result.magnitude

ELSE
result.orientation :
result. magnitude

res;
SQRT(mag);

argl;
0.

©ISO

END_IF;
RETURN(result);
END;

END_IF;

END_FUNCTION; -- cross_product

FUNCTION curve_weights_positive(
b: rational_b_spline_curve

): BOOLEAN;
LOCAL
result : BOOLEAN := TRUE;
END_LOCAL;
REPEAT i := 0 TO b.upper_index_on_control_points BY<A4;

IF b.weights[i] <= 0 THEN
result := FALSE;
RETURN(result);

END_IF;

END_REPEAT,
RETURN(result);

END_FUNCTION; -- curve_weights_positive

FUNCTION derive_dimensional_exponerits(
X: unit
): dimensional_exponents;

LOCAL
[ . INTEGER,;
result : dimensional/exponents := dimensional_exponents(0,0,0,0,0,0,
0);
END_LOCAL;
IF 'BUILDING_DESIGN_SCHEMA.DERIVED_UNIT" IN TYPEOF(x) THEN
REPEAT i =-LOINDEX(x.elements) TO HIINDEX(x.elements) BY 1;
result.length_exponent := result.length_exponent + (x.elements]i].
exponent * x.elements[i].unit.dimensions.length_exponent);
resulf.mass_exponent := result.mass_exponent + (x.elements]i].
exponent * x.elements]i].unit.dimensions.mass_exponent);
result.time_exponent := result.time_exponent + (x.elementsJi].
exponent * x.elements[i].unit.dimensions.time_exponent);
result.electric_current_exponent := result.
electric_current exponent + (x.elements|il.exponent * x.

elements]i].unit.dimensions.electric_current_exponent);

result.thermodynamic_temperature_exponent := result.
thermodynamic_temperature_exponent + (x.elements[il.exponent *
x.elementsi].unit.dimensions.
thermodynamic_temperature_exponent);

result.amount_of substance_exponent := result.
amount_of_substance_exponent + (x.elements[i].exponent * x.
elements][i].unit.dimensions.amount_of substance exponent);

result.luminous_intensity _exponent := result.
luminous_intensity_exponent + (x.elements[i].exponent * x.
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elements]i].unit.dimensions.luminous_intensity _exponent);
END_REPEAT,;
ELSE
result := x.dimensions;
END_IF;
RETURN(result);

END_FUNCTION; -- derive_dimensional_exponents

FUNCTION dimension_of(
item: geometric_representation_item

ISO 10303-225:1999(E)

): dimension_count;

LOCAL
X : SET OF representation;
y : representation_context;

END_LOCAL;

X = using_representations(item);

y = X[1].context_of items;

RETURN(y\geometric_representation_context.coordinate_space_dimension);

END_FUNCTION; -- dimension_of
FUNCTION dimensions_for_si_unit(
n. si_unit_name

): dimensional_exponents;

CASE n OF
metre : RETURN(dimensional_exponents(1,0,0,0,0,0,0));
gram : RETURN(dimensional_expenents(0,1,0,0,0,0,0));
second : RETURN(dimensional_expehents(0,0,1,0,0,0,0));
ampere : RETURN(dimensional @&xponents(0,0,0,1,0,0,0));
kelvin : RETURN(dimensional exponents(0,0,0,0,1,0,0));
mole : RETURN(dimensienal_exponents(0,0,0,0,0,1,0));
candela : RETURN(dimensional_exponents(0,0,0, ,0,0,1)),
radian : RETURN(dimensional_exponents(0,0,0,0,0,0,0));
steradian : RETURN(dimeénsional_exponents(0,0,0,0,0,0,0));
hertz : RETURN(dimensional_exponents(0,0,-1,0,0,0,0));
newton : RETURN(dimensional_exponents(l,1,—2,0,0,0,0));
pascal : RETURN(dimensional_exponents(-1,1,-2,0,0,0,0));
joule : RETURN(dimensional_exponents(2,1,-2,0,0,0,0));
watt : RETURN(dimensional_exponents(2,1,-3,0,0,0,0));
coulomb : RETURN(dimensional_exponents(0,0 ,1,1,0,0,0));
volt : RETURN(dimensional_exponents(2,1,-3,-1,0,0,0));
farad : RETURN(dimensional_exponents(-2,-1,4,1,0,0,0));
ohm : RETURN(dimensional_exponents(2,1,-3,-2,0,0,0));
siemens : RETURN(dimensional_exponents(-2,- 1,3,2,0,0,0));
weber : RETURN(dimensional_exponents(2,1,-2,-1,0,0,0));
tesla : RETURN(dimensional_exponents(0,1,-2,-1,0,0,0));
henry. : RETURN(dimensional_exponents(2,1,-2,-2,0,0,0));
degree celsius RETURN(dimensional_exponents(0,0,0,0,1,0,0));
lumen : RETURN(dimensional_exponents(0,0,0,0,0,0,1));
fux : RETURN(dimensional_exponents(-2,0,0,0,0,0,1));
becquerel : RETURN(dimensional_exponents(0,0,-1,0,0,0,0));
gray : RETURN(dimensional exponents(2,0,-2,0,0,0,0));
slevert : RETURN(dimensional_exponents(2,0,- ,0,0,0 0));
END_CASE;

END_FUNCTION; -- dimensions_for_si_unit
FUNCTION dot_product(
argl, arg2: direction
): REAL;

LOCAL
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ndim . INTEGER;
scalar : REAL;
vecl . direction;
vec2 . direction;
END_LOCAL;
IF (NOT EXISTS(argl)) OR (NOT EXISTS(arg2)) THEN
scalar = ?;
ELSE
IF argl.dim <> arg2.dim THEN
scalar = ?;
ELSE
BEGIN
vecl

normalise(argl);
vec2 normalise(arg2);
ndim argl.dim;
scalar = 0;
REPEAT i := 1 TO ndim BY 1;
scalar := scalar + (vecl.direction_ratios[i] * vec2.
direction_ratiosJ[i]);
END_REPEAT;
END;
END_IF;
END_IF;
RETURN(scalar);

END_FUNCTION; -- dot_product

FUNCTION edge_reversed(
an_edge: edge
): edge;

LOCAL
the_reverse : edge;
END_LOCAL;
IF 'BUILDING_DESIGN_SCHEMA.ORIENTED EDGE’' IN TYPEOF(an_edge) THEN
the_reverse := oriented_edge(an.edge\oriented_edge.edge_element,NOT
an_edge\oriented_edge.orientation);
ELSE

the_reverse := oriented_edge(an_edge,FALSE);
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- edge-reversed
FUNCTION face_beund_reversed(

a.face bound: face bound
). face_beund,

LOCAL
the reverse : face_bound,;
END2LOCAL;
IFBUILDING_DESIGN_SCHEMA.FACE_OUTER_BOUND’ IN TYPEOF(a_face_bound)
THEN

the reverse := face bound(a face bound\face bound.bound,NOT
a_face_bound\face_bound.orientation);
ELSE

the_reverse := face_bound(a_face_bound.bound,NOT a_face bound.
orientation);
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- face bound_reversed
FUNCTION face_reversed(
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a face: face
): face;
LOCAL
the_reverse : face;
END_LOCAL;

IF 'BUILDING_DESIGN_SCHEMA.ORIENTED_FACE’ IN TYPEOF(a_face) THEN
the_reverse := oriented_face(a_face\oriented_face.face_element,NOT
a_face\oriented_face.orientation);
ELSE

the reverse := oriented face(a face FALSE);
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- face_reversed

FUNCTION first_proj_axis(
Z_axis, arg: direction

): direction;
LOCAL
x_vec : vector;
v . direction;
z . direction;
X_axis : direction;
END_LOCAL;
IF (NOT EXISTS(z_axis)) OR (NOT EXISTS(arg)) OR&(arg.dim <> 3) THEN
x_axis = ?;
ELSE

Z_axis := normalise(z_axis);
IF NOT EXISTS(arg) THEN
IF z_axis <> direction([1,0,0]) THEN
v := direction([1,0,0]);
ELSE
v := direction([0,1,0]);
END_IF;
ELSE
IF cross_product(arg,z).maghitud e = 0 THEN
RETURN(?);
ELSE
v = normalise(arg)
END_IF;
END_IF;
Xx_vec := scalar~times_vector(dot_product(v,z),z_axis);

X_axis := vegtor—difference(v,x_vec).orientation;
X_axis = npormalise(x_axis);
END_IF;

RETURN(x ‘axis);
END_FUNCTION; -- first_proj_axis

FUNCTION get_basis_surface(
c. curve_on_surface
). SET [0:2] OF surface;

LOCAL
surfs : SET [0:2] OF surface;
n . INTEGER,;
END_LOCAL;
surfs = [];
IF 'BUILDING_DESIGN_SCHEMA.PCURVE' IN TYPEOF(c) THEN
surfs := [c\pcurve.basis_surface];
ELSE
IF 'BUILDING_DESIGN_SCHEMA.SURFACE_CURVE’ IN TYPEOF(c) THEN
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n := SIZEOF(c\surface_curve.associated_geometry);
REPEAT i := 1 TO n BY 1;
surfs := surfs + associated_surface(c\surface_curve.
associated_geometry[i]);
END_REPEAT;
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE_ON_SURFACE' IN TYPEOF(c)
THEN
n := SIZEOF(c\composite_curve_on_surface.segments);
surfs := get basis_surface(c\composite curve_on_surface.segments[1].
parent_curve);
IF n>1 THEN
REPEAT i := 2 TO n BY 1;
surfs := surfs * get basis_surface(c\composite_curve_on_surface.
segments[i].parent_curve);
END_REPEAT;
END_IF;
END_IF;
RETURN(surfs);

END_FUNCTION; -- get_basis_surface

FUNCTION item_in_context(
item: representation_item;
cntxt: representation_context
). BOOLEAN;

LOCAL
i : INTEGER;
y : BAG OF representation_item;
END_LOCAL;
IF SIZEOF(USEDIN(item,'BUILDING_DESIGN_SCHEMA.REPRESENTATION.ITEMS’) *
cntxt.representations_in_context ) > 0 THEN
RETURN(TRUE);
ELSE
y = QUERY ( z <* USEDIN(item,”) | (
'BUILDING_DESIGN_SCHEMA.REPRESENTATION_ITEM’ IN TYPEOF(2)) );
IF SIZEOF(y ) > 0 THEN
REPEAT i := 1 TO HIINDEX(y) BY 1,
IF item_in_context(y[i],cntxt) THEN
RETURN(TRUE);
END_IF;
END_REPEAT;
END_IF;
END_IF;
RETURN(FALSE);

END_FUNETION; -- item_in_context

FUNCTION leap_year(
year: year_number
): BOOLEAN;
IF (((year MOD 4) = 0) AND ((year MOD 100) <> 0)) OR ((year MOD 400) =
0) THEN

RETURN(TRUE);
ELSE

RETURN(FALSE);
END_IF;

END_FUNCTION; -- leap_year
FUNCTION list_face loops(
f. face

292


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

©ISO ISO 10303-225:1999(E)

): LIST [0:?] OF loop;

LOCAL
loops : LIST [0:?] OF loop := [];

END_LOCAL;

REPEAT i := 1 TO SIZEOF(f.bounds) BY 1,
loops := loops + f.bounds]i].bound;

END_REPEAT;

RETURN(loops);

END_FUNCTION; -- list face loops

FUNCTION list_of topology reversed(

): list_of_reversible_topology_item;

END_REPEAT,
RETURN(the_reverse);

END_FUNCTION; -- list_of topology reversed

FUNCTION list_to_array(
lis: LIST [0:?] OF GENERIC:t;
low, u: INTEGER
): ARRAY [low:u] OF GENERIC:t;

LOCAL
n : INTEGER,;
res : ARRAY [low:u] OF GENERIC:t;

END_LOCAL;

n := SIZEOFK(lis);

IF n <> (u - low) + 1) THEN
RETURN(?);

ELSE
REPEAT i := 1 TO n'BY 1,

res[(low + i) - 1} ="lis[i];

END_REPEAT,
RETURN(res);

END_IF;

END_FUNCTION;-- list_to_array
FUNCTION.fist_to_set(
[ LIST [0:?] OF GENERIC:t
Y-SET OF GENERIC:;

LOCAL
s : SET OF GENERIC:t := [];

LOCAL
the_reverse : list_of reversible topology item;
END_LOCAL;
the_reverse := [J;
REPEAT i := 1 TO SIZEOF(a_list) BY 1,

a_list: list_of reversible topology item

the_reverse := topology reversed(a_list[i]) + the reverse;

END_LOCAL,;

REPEAT i := 1 TO SIZEOF(l) BY 1,
s = s + [[i];

END_REPEAT,;

RETURN(S);

END_FUNCTION; -- list_to_set

FUNCTION make_array_of array(
lis: LIST [1:?] OF LIST [1:?] OF

GENERIC:t;
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lowl, ul, low2, u2: INTEGER
): ARRAY [lowl:ul] OF ARRAY [low2:u2] OF GENERIC:;

LOCAL
n2 . INTEGER,;
nl . INTEGER,;

res : ARRAY J[lowl:ul] OF ARRAY [low2:u2] OF GENERIC:t;
resl : LIST [1:?] OF ARRAY [low2:u2] OF GENERIC:t;
END_LOCAL;
nl := SIZEOF(lis);
n2 = SIZEOF(lis[1]);
IF (n1 <> ((ul - lowl) + 1)) AND (n2 <> ((u2 - low2) + 1)) THEN

RETURN(?);
END_IF;
REPEAT i := 1 TO nl1 BY 1,
IF SIZEOF(lis[i]) <> n2 THEN
RETURN(?);
END_IF;
END_REPEAT,
REPEAT i :== 1 TO nl BY 1,
resl[i] := list_to_array(lis[i],low2,u2);
END_REPEAT,;
res := list_to array(resl lowl,ul);
RETURN(res);

END_FUNCTION; -- make_array_of array

FUNCTION mixed_loop_type_set(
I: SET [0:?] OF loop

): LOGICAL;
LOCAL
[ . INTEGER,;
poly loop_type : LOGICAL;
END_LOCAL;
IF SIZEOF(l) <= 1 THEN
RETURN(FALSE);
END_IF;
poly Toop_type := 'BUILDING DESIGN_SCHEMA.POLY _LOOP’ IN TYPEOF(I[1]);
REPEAT i ;= 2 TO SIZEOF(ly BY 1;

IF (BUILDING_DESIGN.SCHEMA.POLY_LOOP’ IN TYPEOF(I[i])) <>
poly loop_type THEN
RETURN(TRUE);
END_IF;
END_REPEAT,;
RETURN(FALSE);

END_FUNCHQON; -- mixed_loop_type_set

FUNCTION msb_shells(
brep: manifold_solid_brep

)~"SET [1:?] OF closed_shell;

IF. "SIZEOF(QUERY ( brtyp <* TYPEOF(brep) | (brtyp LIKE

*BREP_WITH VOIDS’) )) >= 1 THE

RETURN(brep\brep_with_voids.voids + brep outer);

ELSE
RETURN([brep.outer]);

END_IF;

END_FUNCTION; -- msb_shells
FUNCTION normalise(

arg: vector_or_direction
): vector_or_direction;
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LOCAL
ndim . INTEGER,;
\Y; . direction;
vec . vector;
mag : REAL;
result : vector_or_direction;
END_LOCAL;
IF NOT EXISTS(arg) THEN
result := ?;
ELSE

ndim := arg.dim;
IF 'BUILDING_DESIGN_SCHEMA.VECTOR’ IN TYPEOF(arg) THEN
BEGIN
vec = arg;
vV = arg.orientation;
IF arg.magnitud e = 0 THEN
RETURN(?);
ELSE
vec.magnitude = 1;
END_IF;
END;
ELSE
vV = arg;
END_IF;
mag := O;
REPEAT i := 1 TO ndim BY 1,
mag = mag + (v.direction_ratios[i] * v.direction_ratios[i]);
END_REPEAT;
IF mag > 0 THEN
mag = SQRT(mag);

REPEAT i := 1 TO ndim BY 1;
v.direction_ratios[i] := v.direction_ratios|i] / mag;
END_REPEAT;

IF 'BUILDING_DESIGN_SCHEMA.VECTOR’ IN TYPEOF(arg) THEN
vec.orientation = v;
result := vec;

ELSE
result = v;

END_IF;

ELSE

RETURN(?);

END_IF;
END_IF;
RETURN(result);

END_FUNCTION;\~ normalise

FUNCTION _orthogonal_complement(
vec: direction
): dirgction;

LOEAL
result : direction;

END_LOCAL;

IF (vec.dim <> 2) OR (NOT EXISTS(vec)) THEN
RETURN(?);

ELSE
result.direction_ratios[1] :
result.direction_ratios[2] :
RETURN(result);

END_IF;

-vec.direction_ratios[2];
vec.direction_ratios[1];

END_FUNCTION; -- orthogonal_complement
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FUNCTION path_head_to_tail(
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a_path:; path

). LOGICAL;
LOCAL

n : INTEGER;

p : BOOLEAN := TRUE;
END_LOCAL;
n := SIZEOF(a_path.edge_list);
REPEAT i ;= 2 TO n BY 1;

p ;= p AND (a_path.edge list[i - 1].edge _end :=: a_path.edge_list[i]

.edge_start);

END_REPEAT;
RETURN(p);

END_FUNCTION; -- path_head_to_tail
FUNCTION path_reversed(

a_path: path
): path;
LOCAL
the_reverse : path;
END_LOCAL;

IF 'BUILDING_DESIGN_SCHEMA.ORIENTED_PATH’ IN TYPEOF(a_path) THEN
the_reverse := oriented_path(a_path\oriented_path.path<element,NOT
a_path\oriented_path.orientation);
ELSE
the_reverse := oriented_path(a_path,FALSE);
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- path_reversed
FUNCTION scalar_times_vector(

scalar: REAL,;
vec: vector_or_direction

): vector;
LOCAL
Y, . direction;
mag : REAL;
result : vector;
END_LOCAL;
IF (NOT EXISTS(sealar)) OR (NOT EXISTS(vec)) THEN
result = ?;
ELSE

IF 'BUILDING_DESIGN_SCHEMA.VECTOR’ IN TYPEOF(vec) THEN
v i=Svec.orientation;
mag := scalar * vec.magnitude;

ELSE
V = Vec;
mag := scalar;
END_IF;
IF mag < 0 THEN
REPEAT i := 1 TO SIZEOF(v.direction_ratios) BY 1,
v.direction_ratios[i] := -v.direction_ratiosi];
END_REPEAT,
mag := -mag;
END_IF;

result.orientation

result.magnitude
END_IF;
RETURN(result);

normalise(v);
mag;
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END_FUNCTION; -- scalar_times_vector

FUNCTION second_proj_axis(
z_axis, x_axis, arg: direction

): direction;
LOCAL

temp . vector,;

% . direction;

y_axis : vector;
END LOCAL;

IF NOT EXISTS(arg) THEN
v := direction([0,1,0]);
ELSE
vV = arg;
END_IF;
temp := scalar_times_vector(dot_product(v,z_axis),z_axis);
y_axis := vector_difference(v,temp);
temp := scalar_times_vector(dot_product(v,x_axis),Xx_axis);
y_axis := vector_difference(y_axis,temp);
y_axis := normalise(y_axis);
RETURN(y_axis.orientation);

END_FUNCTION; -- second_proj_axis

FUNCTION set_of topology reversed(
a_set: set_of reversible_topology_item
): set_of_reversible_topology_item;

LOCAL

the_reverse : set of reversible_ topology itemy;
END_LOCAL;
the_reverse = [];
REPEAT i := 1 TO SIZEOF(a_set) BY. &;

the _reverse = the_reverse + topology reversed(a_set[i]);
END_REPEAT;
RETURN(the_reverse);

END_FUNCTION; -- set _of topology reversed

FUNCTION shell_reversed(
a_shell: shell
): shell;

LOCAL
the_reverse-“ -shell;
END_LOCAL;
IF 'BUILDING_DESIGN_SCHEMA.ORIENTED_OPEN_SHELL’ IN TYPEOF(a_shell)
THEN
the reverse = oriented_open_shell(a_shell\oriented_open_shell.
open_shell_element,NOT a_shelloriented_open_shell.orientation);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.OPEN_SHELL' IN TYPEOF(a_shell) THEN
the reverse := oriented open shell(a shell, FALSE);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.ORIENTED_CLOSED_SHELL' IN TYPEOF(
a_shell) THEN
the_reverse := oriented_closed_shell(a_shell\
oriented_closed_shell.closed_shell_element,NOT a_shell\
oriented_closed_shell.orientation);

ELSE
IF 'BUILDING_DESIGN_SCHEMA.CLOSED_SHELL' IN TYPEOF(a_shell)
THEN
the_reverse := oriented_closed_shell(a_shell,FALSE);
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ELSE
the_reverse = ?;
END_TF;
END_IF;
END_IF;
END_IF;
RETURN(the_reverse);

END_FUNCTION; -- shell_reversed

FUNCTION surface weights_positive(

©ISO

b: rational_b_spline_surface

): BOOLEAN;
LOCAL
result : BOOLEAN := TRUE;
END_LOCAL;
REPEAT i := 0 TO b.u_upper BY 1;
REPEAT j := 0 TO b.v_upper BY 1,

IF b.weights[i][j] <= 0 THEN
result := FALSE;
RETURN(result);

END_IF;

END_REPEAT;
END_REPEAT;
RETURN(result);

END_FUNCTION; -- surface_weights_positive

FUNCTION topology_reversed(
an_item: reversible_topology

): reversible_topology;

IF 'BUILDING_DESIGN_SCHEMA.EDGE' IN\ TYPEOF(an_item) THEN
RETURN(edge_reversed(an_item));

END_IF;

IF 'BUILDING_DESIGN_SCHEMA.PATH’ IN TYPEOF(an_item) THEN
RETURN(path_reversed(an_item));

END_IF;

IF 'BUILDING_DESIGN_SCHEMA.FACE_BOUND’ IN TYPEOF(an_item) THEN
RETURN(face_bound_reversed(an_item));

END_IF;

IF 'BUILDING_DESIGN"SCHEMA.FACE’ IN TYPEOF(an_item) THEN
RETURN(face_reversed(an_item));

END_IF;

IF 'BUILDING_DESIGN_SCHEMA.SHELL’ IN TYPEOF(an_item) THEN
RETURN(shell-reversed(an_item));

END_IF;

IF 'SET' NNTYPEOF(an_item) THEN
RETURN(set_of topology_reversed(an_item));

END dF;

IF ALIST' IN TYPEOF(an_item) THEN
RETURN(list_of_topology_reversed(an_item));

END_IF;

RETURN(?);

END_FUNCTION; -- topology_reversed

FUNCTION using_representations(
item: representation_item
): SET OF representation;

LOCAL

results : SET OF representation;
[ . INTEGER,;
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intermediate_items : SET OF representation_item;
result_bag : BAG OF representation;
END LOCAL
result_bag := USEDIN(item,
’BUILDING_DESIGN_SCHEMA.REPRESENTATION.ITEMS’);
IF SIZEOF(result_bag ) > 0 THEN

REPEAT i := 1 TO HIINDEX(result_bag) BY 1,
results := results + result_bagli];
END_REPEAT,;
END_IF;

intermediate items = QUER Y (z <* bag to set(USEDIN(item,”)) | (
'BUILDING_DESIGN_SCHEMA.REPRESENTATION_ITEM’' IN TYPEOF(2)) );

IF SIZEOF(mtermedlate items ) > 0 THEN
REPEAT i := 1 TO HIINDEX(intermediate_items) BY 1;
results := results + u3|ng_representatlons(lntermedlate_ltems[i]);
END_REPEAT,;
END_IF;
RETURN(results);

END_FUNCTION; -- using_representations

FUNCTION valid_advanced_csg_tree(
tree_element: boolean_operand
): BOOLEAN;
IF SIZEOF(TYPEOF(tree_element) * ['BUILDING_DESIGN_SCHEMA.BLOCK,
'BUILDING_DESIGN_SCHEMA.TORUS’,
’BUILDING DESIGN SCHEMA RIGHT _ CIRCULAR CYLINDER’,
'BUILDING_DESIGN_SCHEMA.SPHERE’,
'BUILDING_DESIGN_SCHEMA.RIGHT_CIRCULAR_CONE’,
'BUILDING_DESIGN_SCHEMA." +
"ADVANCED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED' AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.HALE?SPACE_SOLID’]) = 1 THEN
RETURN(TRUE);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.BOOLEAN_RESULT' IN TYPEOF(tree_element)
THEN
IF NOT (tree_element\boolean_result.operator IN
[BOOLEAN_OPERATOR.UNION, BOOLEAN_OPERATOR.DIFFERENCE]) THEN
RETURN(FALSE);
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN TYPEOF(
tree_element\boolean_result.first_operand) THEN
IF 'BUILBDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOF(
tree~element\boolean_result.first_operand\half_space_solid.
base_surface) THEN
{F./BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOF(
tree_element\boolean_result.second_operand\
half_space_solid.base_surface) THEN
RETURN(TRUE);
ELSE
RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_advanced_csg_tree(tree_element\boolean_result.
second_operand));
END_IF;
ELSE
RETURN(FALSE)
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IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’' IN TYPEOF(
tree_element\boolean_result.second_operand\half_space_solid
.base_surface) THEN
RETURN(valid_advanced_csg_tree(tree_element\boolean_result.
first_operand));
ELSE
RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_advanced_csg_tree(tree_element\boolean_result.
first_operand) AND valid_advanced_csg_tree(tree_element\
boolean_result.second_operand));
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);

END_FUNCTION; -- valid_advanced_csg_tree

FUNCTION valid_advanced_wire_composition(
sw_element: curve
): BOOLEAN;

IF SIZEOF('BUILDING_DESIGN_SCHEMA.B_SPLINE_CURVE’,
'BUILDING_DESIGN_SCHEMA.CONIC''BUILDING.DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.POLYLINE'] * TYREOF(sw_element) ) = 1 THEN

RETURN(TRUE);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.CURVE_REBLICA’ IN TYPEOF(sw_element)
THEN
RETURN(valid_advanced_wire_compasition(sw_element\curve_replica.
parent_curve));
ELSE
IF 'BUILDING_DESIGN_SCHEMA.OFFSET_CURVE_3D’ IN TYPEOF(sw_element)
THEN
RETURN(valid_advanced (wire_composition(sw_element\
offset_curve_3d.basis_curve));
ELSE
IF 'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(sw_element)
THEN
RETURN(valid” faceted_wire_composition(sw_element\timmed_curve
.basis_Ccurve));
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);

END_EUNCTION; -- valid_advanced_wire_composition

FUNCTION valid_calendar_date(
date: calendar_date
). LOGICAL;
IF NOT ((1 <= date.day_component) AND (date.day_component <= 31))
THEN
RETURN(FALSE);
END_IF;
CASE date.month_component OF
4 : RETURN((1 <= date.day_component) AND (date.
day_component <= 30));
6 : RETURN((1 <= date.day_component) AND (date.
day_component <= 30));

300


https://standardsiso.com/api/?name=4eed6c013ff8e5e900a1141cdb8be544

©ISO ISO 10303-225:1999(E)

9 : RETURN((1 <= date.day_component) AND (date.
day_component <= 30));

11 RETURN((1 <= date.day_component) AND (date.
day_component <= 30));

2 BEGIN

IF leap_year(date.year_component) THEN
RETURN((1 <= date.day_component)
AND (date.day_component <= 29));
ELSE
RETURN((1 <= date.day_component)
AND (date.day_component <= 28)):
END_IF;
END;
OTHERWISE RETURN(TRUE);
END_CASE;

END_FUNCTION; -- valid_calendar_date

FUNCTION valid_elementary_csg_tree(
tree_element: boolean_operand
): BOOLEAN;

IF SIZEOF(TYPEOF(tree element) * 'BUILDING_DESIGN_SCHEMA.BLOCK,
'BUILDING_DESIGN_SCHEMA.TORUS’,
'BUILDING_DESIGN_SCHEMA.RIGHT _ CIRCULAR CYLINDER,
'BUILDING_DESIGN_SCHEMA.SPHERE’,
'BUILDING_DESIGN_SCHEMA.RIGHT _ CIRCULAR _CONE’,
'BUILDING_DESIGN SCHEMA +
'ELEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’,
'BUILDING_DESIGN_SCHEMA.EXTRUDED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.REVOLVED_AREA_SOLID’,
'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’]) = 1 THEN

RETURN(TRUE);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.BOQOEEAN_RESULT' IN TYPEOF(tree_element)
THEN
IF NOT (tree_element\boolean, result.operator IN
[BOOLEAN_OPERATOR.UNION, BOOLEAN_OPERATOR.DIFFERENCE]) THEN
RETURN(FALSE);
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN TYPEOF(
tree_element\boolean_result.first_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOF(
tree_element\boolean_result.first_operand\half_space_solid.
base surface) THEN
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
[F)'BUILDING DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOKF(
tree_element\boolean_result.second_operand\
half_space_solid.base_surface) THEN
RETURN(TRUE);
ELSE
RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_elementary_csg_tree(tree_element\boolean_result
.second_operand));
END_IF;
ELSE
RETURN(FALSE);
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
IF "BUILDING_DESIGN_SCHEMA.ELEMENTARY_SURFACE’ IN TYPEOF(
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tree_element\boolean_result.second_operand\half_space_solid
.base_surface) THEN
RETURN(valid_elementary _csg_tree(tree_element\boolean_result
first_operand));
ELSE
RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_elementary_csg_tree(tree_element\boolean_result.
first_operand) AND valid_elementary_csg_tree(tree_element\
boolean_result.second_operand)):
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);

END_FUNCTION; -- valid_elementary _csg_tree

FUNCTION valid_elementary_wire_composition(
sw_element: curve
): BOOLEAN,;
IF SIZEOF([’ BUILDING DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC'] * TYPEOF(sw eglement) ) = 1 THEN
RETURN(TRUE);
ELSE
IF 'BUILDING_DESIGN_SCHEMA.TRIMMED_CURVEX IN TYPEOF(sw_element)
THEN
RETURN(valid_elementary_wire_composition(swxelement\trimmed_curve.
basis_curve));
ELSE
IF 'BUILDING_DESIGN_SCHEMA.COMPRQOSITE_CURVE’' IN TYPEOF(sw_element)
THEN
RETURN(SIZEOF(QUERY ( ccs. & sw_element\composite_curve.segments
| (NOT valid_elementary_wire~composition(ccs.parent_curve)) ))

END_IF;
END_IF;
END_IF;
RETURN(FALSE);

END_FUNCTION; -- valid—elementary_wire_composition

FUNCTION valid_faceted” csg_tree(
treexelement: boolean_operand
): BOOLEAN;

IF SIZEOF([BUILDING DESIGN_SCHEMA.BLOCK',/BUILDING_DESIGN_SCHEMA." +
'FACETED_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION’] * TYPEOF(
tree_element) ) = 1 THEN

RETURN(TRUE);
ELSE
I~ 'BUILDING_DESIGN_SCHEMA.BOOLEAN_RESULT' IN TYPEOF(tree_element)
THEN
IF NOT (tree element\boolean result.operator IN
[BOOLEAN_OPERATOR.UNION, BOOLEAN_OPERATOR.DIFFERENCE]) THEN
RETURN(FALSE);
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID’ IN TYPEOF(
tree_element\boolean_result.first_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(tree_element\
boolean_result.first_operand\half_space_solid.base_surface)
THEN
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
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IF 'BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(tree_element\
boolean_result.second_operand\half_space_solid.
base_surface) THEN

RETURN(TRUE);

ELSE

RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_faceted_csg_tree(tree_element\boolean_result.
second_operand));
END_IF;
ELSE
RETURN(FALSE);
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.HALF_SPACE_SOLID' IN TYPEOF(
tree_element\boolean_result.second_operand) THEN
IF 'BUILDING_DESIGN_SCHEMA.PLANE’ IN TYPEOF(tree_element\
boolean_result.second_operand\half_space_solid.base_surface)
THEN

RETURN(valid_faceted_csg_tree(tree_element\boolean_result.

first_operand));

ELSE
RETURN(FALSE);
END_IF;
ELSE
RETURN(valid_faceted_csg_tree(tree_elementtboolean_result.
first_operand) AND valid_faceted csg ‘tree(tree_element\
boolean_result.second_operand));
END_IF;
END_IF;
END_IF;
END_IF;
RETURN(FALSE);

END_FUNCTION; -- valid_faceted_csg. free

FUNCTION valid_faceted wire_composition(
sw_element: cufve

): BOOLEAN;
IF "BUILDING_DESIGN_SGHEMA.POLYLINE’' IN TYPEOF(sw_element) THEN
RETURN(TRUE);
ELSE
IF 'BUILDING_PESIGN_SCHEMA.TRIMMED_CURVE’ IN TYPEOF(sw_element)
THEN

IF SIZEOR(PBUILDING_DESIGN_SCHEMA.LINE’,
'BUILDING_DESIGN_SCHEMA.CONIC’] * TYPEOF(sw_element\
trimmed_curve.basis_curve) ) = 1 THEN

RETURN(TRUE);
ELSE
RETURN(valid_faceted_wire_composition(sw_element\trimmed_curve.
basis_curve));
END_IF;
ELSE
IF 'BUILDING_DESIGN_SCHEMA.COMPOSITE_CURVE' IN TYPEOF(sw_element)
THEN
RETURN(SIZEOF(QUERY ( ccs <* sw_element\composite_curve.segments
| (NOT valid_faceted wire_composition(ccs.parent_curve)) ))
= 0);

END_IF;
END_IF;
END_IF;
RETURN(FALSE);
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END_FUNCTION; -- valid_faceted_wire_composition

FUNCTION valid_units(
m: measure_with_unit
): BOOLEAN;
IF 'BUILDING_DESIGN_SCHEMA.LENGTH_MEASURE’' IN TYPEOF(m.value_component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(1,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF:
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.MASS_MEASURE' IN TYPEOF(m.value_component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,1,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.TIME_MEASURE’ IN TYPEOF(m.value’ component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,1,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.ELECTRIC_CURRENT_MEASURE’' IN TYPEOF(m.
value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,1,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.THERMODYNAMIC_TEMPERATURE_MEASURE’ IN
TYPEOF(m.value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,1,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.AMOUNT_OF_SUBSTANCE_MEASURE’ IN TYPEOF(n).
value_component)”THEN
IF derive_dimensighal” exponents(m.unit_component) <>
dimensionak exponents(0,0,0,0,0,1,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.LUMINOUS_INTENSITY_MEASURE’' IN TYPEOF(m.
valug. component) THEN
IF defive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,1) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.PLANE_ANGLE_MEASURE’ IN TYPEOF(m.
value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.SOLID_ANGLE_MEASURE’ IN TYPEOF(m.
value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
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dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.AREA_MEASURE’' IN TYPEOF(m.value_component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(2,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.VOLUME_MEASURE’ IN TYPEOF(m.value_component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(3,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.RATIO_MEASURE' IN TYPEOF(m.value)Component)
THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.POSITIVE_LENGTH_MEASURE’' IN TYPEOF(m.
value_component) THEN
IF derive_dimensional_exponents(m.unit_component){ <>
dimensional_exponents(1,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
IF 'BUILDING_DESIGN_SCHEMA.POSITIVEL\PLANE_ANGLE_MEASURE’' IN TYPEOF(m.
value_component) THEN
IF derive_dimensional_exponents(m.unit_component) <>
dimensional_exponents(0,0,0,0,0,0,0) THEN
RETURN(FALSE);
END_IF;
END_IF;
RETURN(TRUE);

END_FUNCTION; -- valid—units

FUNCTION vector_difference(
argl,-/arg2: vector_or_direction

): vector;

LOCAL
ndim . INTEGER;
mag2 : REAL;
magl . REAL;
mag : REAL;
res . direction;
vecl . direction;
vec?2 . direction;
result : vector;

END_LOCAL;

IF (NOT EXISTS(argl)) OR (NOT EXISTS(arg2)) OR (argl.dim <> arg2.dim)

THEN

result := ?;

ELSE
BEGIN

IF 'BUILDING_DESIGN_SCHEMA.VECTOR’ IN TYPEOF(argl) THEN
magl := argl.magnitude;
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vecl := argl.orientation;

ELSE
magl = 1,
vecl := argl,
END_IF;

IF 'BUILDING_DESIGN_SCHEMA.VECTOR’ IN TYPEOF(arg2) THEN
mag2 := arg2.magnitude;
vec2 = arg2.orientation;

ELSE
mag2 = 1;
vec2 = arg2;
END IF;

vecl := normalise(vecl);

vec2 := normalise(vec2);

ndim := SIZEOF(vecl.direction_ratios);
mag = O;

REPEAT i := 1 TO ndim BY 1;

res.direction_ratios[i] := (magl * vecl.direction_ratios[i]) - (
mag2 * vec2.direction_ratios[i]);
mag = mag + (res.direction_ratios[i] * res.direction_ratios[i]);
END_REPEAT;
IF mag > 0 THEN

result.magnitude = SQRT(mag);
result.orientation := res;
ELSE
result.magnitude = 0;
result.orientation := vecl;
END _IF;
END;
END_IF;
RETURN(result);

END_FUNCTION; -- vector_difference
END_SCHEMA; -- building_design_schema
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Annex B
(normative)

AIM short names of entities

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

Table B.1 - AIM short names
Entity names Short names

ACTION ACTION
ACTION_ASSIGNMENT ACTASS
ACTION_METHOD ACTMTH
ACTION_REQUEST_SOLUTION ACRQSL
ACTION_REQUEST_STATUS ACRQST
ADVANCED_BREP_BUILDING_SHAPE_REPRESENTATION ABBSR
ADVANCED_CSG_SHAPE_REPRESENTATION ACSR
ADVANCED_FACE ADVFC
ADVANCED_FACE_WITH_THICKNESS_ SHAPE_REPRESENTATION AFWTSR
ADVANCED_SPACE_BOUNDARY_SHAPE_REPRESENTATION ASBSR
ADVANCED_WIRE_SHAPE. REPRESENTATION AWSR
APPLICATION_CONTEXT APPCNT
APPLICATION_CONTEXT_ELEMENT APCNEL
APPLICATION-PROTOCOL_DEFINITION APPRDF
APPROVAL APPRVL
APPROVAL_ASSIGNMENT APPASS
APPROVAL_DATE_TIME APDTTM
APPROVAL_PERSON_ORGANIZATION APPROR
APPROVAL_ROLE APPRL
APPROVAL_STATUS APPSTT
ASSEMBLY_COMPONENT_USAGE ASCMUS
AXIS1_PLACEMENT AX1PLC
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Table B.1 - AIM short names (continued)
AXIS2_PLACEMENT_2D A2PL2D
AXIS2_PLACEMENT_3D A2PL3D
BEZIER_CURVE BZRCRV
BEZIER SURFACE BZRSRE
BLOCK BLOCK
BOOLEAN_RESULT BLNRSL
BOUNDARY_CURVE BNDCR
BOUNDED_CURVE BNDCRV
BOUNDED_SURFACE BNDSRF
BREP_WITH_VOIDS BRWTVD
BUILDING BLDNG
BUILDING_COMPLEX BLDCMP
BUILDING_COMPONENT_CLASSIFICATION_ASSIGNMENT BCCA
BUILDING_COMPONENT_CLASSIFICATION*GROUP BCCG
BUILDING_DESIGN_APPROVAL BLDSAP
BUILDING_DESIGN_DATE_ASSIGNMENT BDDA
BUILDING_DESIGN_ORGANIZATION_ASSIGNMENT BDOA
BUILDING_DESIGN_PERSQN_AND_ORGANIZATION_ASSIGNMENT | BDPAOA
BUILDING_DESIGN_PERSON_ASSIGNMENT BDPA
BUILDING_DOCUMENT_REFERENCE BLDCRF
BUILDING_ELENMENT BLDELM
BUILDING-ELEMENT_ASSEMBLY BLELAS
BUILDING_ELEMENT_GROUP BLELGR
BUILDING_ITEM_IDENTIFICATION_ASSIGNMENT BIIA
BUILDING_LEVEL BLDLVL
BUILDING_SECTION BLDSCT
B_SPLINE_CURVE BSPCR
B_SPLINE_CURVE_WITH_KNOTS BSCWK
B_SPLINE_SURFACE BSPSR
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Table B.1 - AIM short names (continued)

B_SPLINE_SURFACE_WITH_KNOTS BSSWK
CALENDAR_DATE CLNDT
CARTESIAN_POINT CRTPNT
ARTESIAN TRANSFORMATION OPERATOR CRTRQP
CARTESIAN_TRANSFORMATION_OPERATOR_3D CTO3
CHANGE CHANGE
CHARACTERIZED_OBJECT CHROBJ
CIRCLE CIRCLE
CLASSIFICATION_TABLE CLSTBL
CLOSED_SHELL CLSSHL
COMPOSITE_CURVE CMPCRV
COMPOSITE_CURVE_ON_SURFACE CCoS
COMPOSITE_CURVE_SEGMENT CMCRSG
CONIC CONIC
CONICAL_SURFACE CNCSRF
CONNECTED_FACE_SET CNFCST
CONVERSION_BASED_UNIT CNBSUN
©SG_SOLID CSGSLD
CURVE CURVE
CURVE_BOUNDEDC_SURFACE CRBNSR
CURVE_REPLICA CRVRPL
CYLINDRIGAL SURFACE CYLSRF
DATE DATE
DATE._ASSIGNMENT DTASS
DATE_ROLE DTRL
DEFINITIONAL_REPRESENTATION DFNRPR
DEGENERATE_TOROIDAL_SURFACE DGTRSR
DERIVED_UNIT DRVUNT
DERIVED_UNIT_ELEMENT DRUNEL
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Table B.1 - AIM short names (continued)

DESCRIPTIVE_REPRESENTATION_ITEM DSRPIT
DIMENSIONAL_EXPONENTS DMNEXP
DIRECTION DRCTN
DOCUMENT DCMNT
DOCUMENT_REFERENCE DCMRER
DOCUMENT_TYPE DCMTYP
DOCUMENT_USAGE_CONSTRAINT DCUSCN
EDGE EDGE
FDGE_CURVE EDGCRV
FDGE_LOOP EDGLP
FLEMENTARY_CSG_SHAPE_REPRESENTATION ECSR
FLEMENTARY_FACE_WITH_THICKNESS_SHAPE_REPRESENTATION | EFWTSR
FLEMENTARY_GEOMETRIC_SHAPE_REPRESENTATION EGSR
FLEMENTARY_SPACE_BOUNDARY_SHAPE_REPRESENTATION ESBSR
FLEMENTARY_SURFACE ELMSRF
FLEMENTARY_WIRE_SHAPE_REPRESENTATION EWSR
ELLIPSE ELLPS
EXTRUDED_AREA_SOLID EXARSL
FACE FACE
FACETED_BREP FCTBR
FACETED_CSGZSHAPE_REPRESENTATION FCSR
FACETED<FACE_WITH_THICKNESS_SHAPE_REPRESENTATION FFWTSR
FACETED._ GEOMETRIC_SHAPE_REPRESENTATION FGSR
FACETED_SPACE_BOUNDARY_SHAPE_REPRESENTATION FSBSR
FACETED_WIRE_SHAPE_REPRESENTATION FWSR
FACE_BOUND FCBND
FACE_OUTER_BOUND FCOTBN
FACE_SURFACE FCSRF
FIXTURE_EQUIPMENT_ELEMENT FXEQEL
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Table B.1 - AIM short names (continued)

FUNCTIONALLY_DEFINED_TRANSFORMATION FNDFTR
GEOMETRIC_CURVE_SET GMCRST
GEOMETRIC_REPRESENTATION_CONTEXT GMRPCN
sEOMETRIC REPRESENTATION |ITEM GMRPIT
SEOMETRIC_SET GMTST
5LOBAL_UNIT_ASSIGNED_CONTEXT GUAC
SROUND_FACE_SPACE_BOUNDARY_SHAPE_REPRESENTATION GFSBSR
SROUP GROUP
SROUP_ASSIGNMENT GRPASS
AALF_SPACE_SOLID HLSPSL
HYPERBOLA HYPRBL
INTERSECTION_CURVE INTCRV
LENGTH_MEASURE_WITH_UNIT LMWU
LENGTH_UNIT LNGUNT
LINE LINE

L OOP LOOP
MANIFOLD_SOLID_BREP MNSLBR
MAPPED_ITEM MPPITM
MEASURE_REPRESENTATION_ITEM MSRPIT
MEASURE_WITH_UNIT MSWTUN
NAMED_UNIT, NMDUNT
NAME_ASSIGNMENT NMASS
NEGATIVE_ COMPONENT NGTCMP
DEESET_CURVE_3D OFCR3D
OPENING OPNNG
OPEN_SHELL OPNSHL
ORDINAL_DATE ORDDT
ORGANIZATION ORGNZT
ORGANIZATIONAL_PROJECT ORGPRJ
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ORGANIZATION_ASSIGNMENT ORGASS
ORGANIZATION_ROLE ORGRL
ORIENTED_CLOSED_SHELL ORCLSH
RIENTED EDGE QRNEDG
DRIENTED_FACE ORNFC
DRIENTED_OPEN_SHELL ORQOPSH
DRIENTED_PATH ORNPTH
DUTER_BOUNDARY_CURVE OTBNCR
PARABOLA PRBL
PARAMETRIC_REPRESENTATION_CONTEXT PRRPCN
PATH PATH
PCURVE PCURVE
PERSON PERSON
PERSON_AND_ORGANIZATION PRANOR
PERSON_AND_ORGANIZATION_ASSIGNMENT PAOA
PERSON_AND_ORGANIZATION_ROLE PAOR
PERSON_ASSIGNMENT PRSASS
PERSON_ROLE PRSRL
PLACEMENT PLCMNT
DL ANE PLANE
PLANE_ANGLEZMEASURE_WITH_UNIT PAMWU
PLANE_ANGLE_UNIT PLANUN
POINT: POINT
POLYLINE PLYLN
POLY_LOOP PLYLP
POSITIVE_COMPONENT PSTCMP
PRODUCT PRDCT
PRODUCT_CATEGORY PRDCTG
PRODUCT_CATEGORY_RELATIONSHIP PRCTRL
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Table B.1 - AIM short names (continued)

PRODUCT_CONTEXT PRDCNT
PRODUCT_DEFINITION PRDDFN
PRODUCT_DEFINITION_CONTEXT PRDFCN
PRODUCT DEFINITION _FORMATION PRDEER
PRODUCT_DEFINITION_RELATIONSHIP PRDFRL
PRODUCT_DEFINITION_SHAPE PRDFSH
PRODUCT_DEFINITION_USAGE PRDFUS
PRODUCT_RELATED_PRODUCT_CATEGORY PRPC
PROPERTY_DEFINITION PRPDFN
PROPERTY_DEFINITION_REPRESENTATION PRDFRP
PRUASI_UNIFORM_CURVE QSUNCR
PRUASI_UNIFORM_SURFACE QSUNSR
RATIONAL_B_SPLINE_CURVE RBSC
RATIONAL_B_SPLINE_SURFACE RBSS
RECESS RECESS
RECTANGULAR_COMPOSITE_SUREACE RCCMSR
RECTANGULAR_TRIMMED_SURFACE RCTRSR
REPRESENTATION RPRSNT
REPRESENTATION_CONTEXT RPRCNT
REPRESENTATION.TEM RPRITM
REPRESENTATION_MAP RPRMP
REPRESENTATION_RELATIONSHIP RPRRLT
REPRESENTATION_RELATIONSHIP_WITH_TRANSFORMATION RRWT
REVOLVED_AREA_SOLID RVARSL
RIGHT_CIRCULAR_CONE RGCRCN
RIGHT_CIRCULAR_CYLINDER RGCRCY
SERVICE_ELEMENT SRVELM
SHAPE_ASPECT SHPASP
SHAPE_ASPECT_RELATIONSHIP SHASRL
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SHAPE_DEFINITION_REPRESENTATION SHDFRP
SHAPE_REPRESENTATION SHPRPR
SITE SITE
SITE REPRESENTATION STRPR
5I_UNIT SUNT
50LID_MODEL SLRMDL
SPACE_ELEMENT SPCELM
SPHERE SPHERE
SPHERICAL_SURFACE SPHSRF
STRUCTURE_ENCLOSURE_ELEMENT STENEL
SURFACE SRFC
SURFACE_CURVE SRFCRV
SURFACE_OF_LINEAR_EXTRUSION SL
SURFACE_OF_REVOLUTION SROFRV
SURFACE_PATCH SRFPTC
SWEPT_AREA_SOLID SWARSL
SWEPT_SURFACE SWPSRF
TOPOLOGICAL_REPRESENTATION_ITEM TPRPIT
TOROIDAL_SURFACE TRDSRF
TORUS TORUS
TRIMMED_CURYVE TRMCRV
TRUNCATED_PYRAMID TRNPYR
UNIFORM_CURVE UNFCRV
UNIFORM_SURFACE UNFSRF
VECTOR VECTOR
VERSIONED_ACTION_REQUEST VRACRQ
VERTEX VERTEX
VERTEX_LOOP VRTLP
VERTEX_POINT VRTPNT
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WEEK_OF _YEAR_AND_DAY_DATE WOYADD
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