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1 Introduction

The IFC software certification testing is a process for testing software’s conformance with a
given IFC Release specification, and its subsets defined as so-called Views. The aim of the
certification testing is to promote quality in IFC implementations, and demonstrate to end-users
that the software passing the certification implement the IFC specification in a consistent way,
hence being able to exchange IFC product data with other certified software unambiguously.

The IFC certification is done through a public certification workshop, and quality assurance
work preceding the workshop. In the workshop the candidate applications have to demonstrate
successful IFC data exchange with the other candidates (or already certified) applications. The
guality assurance work before the public workshop is done in co-operation among the candidate
applications aiming to ensure consistent IFC implementations. The work also includes cross-
checking IFC data exchange between the various candidate applications.

2 IFC product model data checking

2.1 Elements of the IFC Object Model

The IFC Object Model defines the representation of AEC/FM product data for data exchange
and sharing purposes. The IFC Object Mode is represented as a schema using a data
specification language called EXPRESS, which is an 1SO standard [ISO 10303-11]. The IFC
schema defines the Entity Types (or object classes), their properties and the relationships
between the Entity Types. The IFC schema defines the representation of IFC product model
data in the exchange files to be exchanged between applications and disciplines. The syntax for
the IFC exchange file is defined by the IFC schema together with the encoding rules of the ISO
10303-21 standard [ISO 10303-21].

In addition to the Entity Types, their properties and relationships the IFC schema also defines
constraints on the product data, i.e. constraints that may define limitations to the allowable value
space for the instantiations of the IFC schema. For example the constraints define the correct
instantiation of the IFC Project model composition structure. A correct |FC product model has
to conform to the constraints defined in the IFC schema.

Thetypes of the constraints within the IFC schema include:

*  UNIQUEness constraints defining that an attribute or combination of attributes of an
instance shall have a unique value.

»  Domain-rules (WHERE-rules) which define constraints on the Entity Type level that apply
to every instance of that Entity Type.

*  INVERSE-relationships which may constrain the cardinalities of the relationships.
Onetype of congtraints are global RULES, but IFC schemas do not currently include them.

One additional element of the IFC schema is so-called DERIVEd attributes whose values are
defined as expressions from values of other attributes or by separate functions.

The constraints and DERIVEd attribute values do not have any representations in the IFC
exchange files. Relevant elements of the schema are FUNCTIONSs, which are often used in
DERIVEd attributes and WHERE-rules.
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2.2 Constraint checking in certification

One crucia aspect for high quality IFC data exchange is to ensure that the IFC product data
conforms to the constraints defined in the IFC schema. In the certification process this is tested
by an application that is capable of checking an IFC product model against the constraints of the
IFC schema, and reports on any constraint violations.

The coverage of the constraints within the IFC schema is limited. Therefore even though the
IFC product model would conform to the constraints, the model could still be more or less
meaningless. It is in the end the end-users of the applications that have the responsibility to
create meaningful models using the applications.

2.3 Need for IFC schema refinement

IFC schemas are not perfect; they are often developed with limited resources and a tight time
schedule, some parts borrowed from other models, etc. An additional problem in the testing of
the schemas and especially their constraints is that when the schema is published there are
typically no implementations of it available yet, hence no application generated test data is
available. Therefore the IFC schema may contain some constraints that do not make sense or
have some mistakes in them, and they need to be corrected for certification purposes.

3 IFC schema refinement principles
3.1 Basic principles

The objective of the IFC schema refinement is to solve any issues that the schema might have
with regard to the constraints and derived attributes. The resulting refined IFC schema is then
used in the certification testing when testing the candidate application generated IFC product
model against the schema constraints. The aim is that no errors would be reported when
applying automated checking to an IFC product model that conforms to refined schema with
correct constraints.

The following basic principles apply for the IFC schema refinement:

e The schemarefinement may only change the constraints, derived attribute expressions and
functions of the IFC schema. This does hot change the syntax of the IFC data exchange
files.

* No changes will be made that would change the syntax of the IFC data exchange files.

*  Therefinement of the IFC R2.0 schema is done consistently with those relevant
refinements already done in the IFC R1.5.1 schemafor the certification process;
and with the IFC R2x schema constraints that are applicable and correct.

« Nochangesin cardinalities of aggregate attributes will be made in order to avoid
unnecessary conflicts with existing implementations based on the unrefined schema.

NOTE — The IFC R2.0 schema contains some cardinality constraints that do not make sense in
certain use case scenarios. One examplefc@ace which has a mandatory attribute
BoundedBy : LIST [1:?] OF IfcSpaceBoundary Which means that a space should always have at
least one boundary. Some early design stage applications may deal with spaces only. This kind
of formal schema violation will be recognised but consciously ignored.
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3.2 WHERE-rule refinements

The possible types of refinements for the domain-rules or WHERE-rules include;
e Commenting out WHERE-rules that do not make sense
e Minor fixesin some boundary conditions of the rules
* Useof refined FUNCTIONs in the rules.

No new WHERE-rules will be added.

3.3 FUNCTION refinements

The main refinement type for the IFC R2.0 schema is the replacement of some of the
FUNCTIONs with totally new versions. Many of these FUNCTIONSs are shared with the refined
IFC R1.5.1 schema; and a couple of the FUNCTIONSs introduced in IFC R2.0 can also be found
in the IFC R2x schema.

3.4 DERIVEd attribute refinements

The refinement principles for the DERIVEd attributes include:
* Nonew DERIVEd attributes will be introduced.
* Noexisting DERIVEd attributes will be deleted.

* Theexpressions of the DERIVEd attributes may be changed. One case of thisis the use of
refined FUNCTIONSs in the DERIVEd attribute expressions.

3.5 Testing of refined schema constraints

In conjunction with refining the IFC schema the refinements will also be tested. The method for
testing the refined IFC schema and its constrainst consists of testing each constraint with two
minimal IFC product model instantiations. one conforming to the constraint and one not
conforming to the congraint. This is done in order to ensure that there is (some) confidence in
proper functioning of the constraints.

IAl Forum Finland / BLIS  2001-05-16 IFC_R2_CertificationTesting_SchemaRefinement_V10_2001-06-06.doc



IFC R2.0 Schema refinement Released 7

References

IFC Release 1.5.1 Conformance schema. International Alliance for Interoperability, 2000.
IFC Release 2.0 specification.International Alliance for Interoperability, 1999-03-15.

IFC Release 2x specification. International Alliance for Interoperability, 2000.

IFC Release 2.0 Certification testing — Certification procedure. BLIS, 2001.

ISO 10303-11. Industrial automation systems and integration — Product data representation and
exchange — Part 11: Description methods: EXPRESS language reference manual. ISO, Geneva,
1994,

ISO 10303-21. Industrial automation systems and integration — Product data representation and
exchange — Part 21: Implementation methods: Clear text encoding of the exchange structure.
ISO, Geneva, 1994.

IAl Forum Finland / BLIS  2001-05-16 IFC_R2_CertificationTesting_SchemaRefinement_V10_2001-06-06.doc



IFC R2.0 Schema refinement

Released 8

Appendix 1. Glossary

Term

Description

Certification process

Inthe lAl context: A process for ensuring software’s conformance with a given
IFC Release specification, and its subsets defined as so-called Views. Theam
isto promote quality in IFC implementations, and demonstrate to end-users that
the software passing the certification implement the IFC specificationin a
consistent way.

Certification testing

The tests conducted as a part of the certification process that provides the
evidence that the tested software products are conformant with the |FC Release
specification the software products claim to support.

Constraint

A limitation on the allowable val ue space for an attribute or combinations of
attributes.

Constraint checking

The process of ensuringthat the (IFC) product data conforms to the constraints
defined in the (IFC) schema. In the certification processthisistested by an
application that is capable of checking an IFC product model against the
constraints of the IFC schema, and reports on any constraint violations.

DERIVEd attribute

A derived attribute represents a property whose value is computed by
evaluating an expression. Derived attributes are declared following the
DERIVE keyword. [1SO 10303-11]

Domain rule

Domain rules constrain the values of individual attributes of combinations of
attributes for every entity instance. All domain rules follow the WHERE
keyword. [1SO 10303-11]

IFC Object Model

The IFC Object Model defines the representation of AEC/FM product data for
data exchange and sharing purposes.

IFC schema

The IFC Object Model represented as a schema using a data specification
language called EXPRESS, which isan ISO standard [ISO 10303-11]. The IFC
schema defines the Entity Types (or object classes), their properties and the

rel ationships between the Entity Types as well as the constraints.

IFC product model

Theinstantiation of data for a specific building or part of building that
conformsto the IFC schema.

UNIQUE A uniqueness constraint for individual attributes or combinations of attributes
may be specified in a uniqueness rule. The unigueness rule follow the UNIQUE
keyword and specify either a single attribute name or a list of attribute names.
[1SO 10303-11]

Constraint defining that an attribute or combination of attributes of an instance
shall have a unique value.

WHERE-rule See Domain rule.
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Appendix 2. Refined WHERE-rules.

KKa= Kari Kargtila, Eurostepsys Oy

Original IFC R2.0 specification Refined version for IFC R2.0 certification Description
ENTITY | fcTri nmmedCurve ENTI TY | fcTri mredCurve WR41 & WRA42: XORs
SUBTYPE OF (I fcBoundedCur ve): SUBTYPE OF (I fcBoundedCur ve): changed to OR
Basi sCurve . IfcCurve; Basi sCurve . I fcCurve;
Trinmt SET [1:2] OF IfcTrimmingSel ect; Trint SET [1:2] OF IfcTrinmmingSel ect; | BY: KKa
Tring SET [1:2] OF IfcTrinm ngSel ect; Tring SET [1:2] OF IfcTrimmingSel ect; Date. 11-May-2001

SenseAgr eenment
Mast er Represent ation :

BOOLEAN,
I fcTri nm ngPref erence;

VHERE
WRAL: (HINDEX(Trinml) = 1) XOR (TYPEOR(Trinmi[1])
<> TYPEOF(Trimt[2]));
WRA2: (HIINDEX(TrinR) = 1) XOR (TYPEOR(Tring[1])

<> TYPEOR(TrinR[2]));
WR43: NOT(’ | FC20_LONGFORM | FCBOUNDEDCURVE' | N
TYPEOF( Basi sCurve));
END _ENTI TY;

SenseAgr eenent
Mast er Represent ati on :

BOOLEAN,
I fcTri nm ngPr ef erence,;

VWHERE
WRA1: (HI INDEX(Triml) = 1) OR (TYPEOR(Triml[1])
<> TYPEOR(Triml[2]));
WR42: (HIINDEX(TrinR) = 1) OR (TYPEOR(Trin®2[1])

<> TYPEOF(Trin2[2]));
WR43: NOT(' | FC20_LONGFORM | FCBOUNDEDCURVE' | N
TYPEOF( Basi sCurve));
END_ENTI TY,;

ENTI TY | f cShapeRepresentation
SUBTYPE OF (IfcRepresentation);
Items : SET [1:?] OF IfcCeonetricRepresentationltem
| NVERSE
O Product Defi ni ti onShape :
SET [0:1] OF |fcProductDefinitionShape
FOR ShapeRepresent ati ons;
SET [0: 1] OF I|fcShapeAspect
FOR ShapeRepr esent ati ons;

O ShapeAspect

VWHERE
WR22: (HI I NDEX( O Product Def i ni ti onShape) = 1) XOR
(HI I NDEX( OF ShapeAspect) = 1);
WR23:

"1 FC20_LONGFORM | FCGEQVETRI CREPRESENTATI ONCONTEXT’
I N TYPEOF( SELF\ | f cRepresent ati on. Context Of I t ens) ;
WR24: SELF\|fcRepresentation. RepresentationType IN
[’ Boundi ngBox’ ,’ Standard’,’ Advanced’,’ Arbitrary’,
"Brep',’ UserDefined ,’ NotDefined];
WR25: ((Representati onType = 'Boundi ngBox’) AND
(H INDEX(Itens) = 1) AND
(" I FC20_LONGFORM | FCBOUNDI NGBOX' | N
TYPEOF(Items[1]))) OR
(Represent ati onType<>' Boundi ngBox’ ) ;
END_ENTI TY;

ENTI TY | f cShapeRepresent ati on
SUBTYPE OF (IfcRepresentation);
Items : SET [1:?] OF IfcCeonetricRepresentationltem
I NVERSE
O Product Defi ni ti onShape :
SET [0:1] OF |fcProductDefinitionShape
FOR ShapeRepresent ati ons;
SET [0:1] OF |fcShapeAspect
FOR ShapeRepresent ati ons;

O ShapeAspect

VHERE
WR22: (HI | NDEX( OF Product Defi ni ti onShape) = 1) XOR
(HI I NDEX( OF ShapeAspect) = 1);
WR23:

" | FC20_LONGFORM | FCGEOVETRI CREPRESENTATI ONCONTEXT’
I N TYPEOF( SELF\ | f cRepresent ati on. Cont ext Of | t ens) ;
WR24: SELF\I|fcRepresentation. RepresentationType I N
[’ Boundi ngBox’ ,’ Standard’,’ Advanced’,’ Arbitrary’,
"Brep’,’ 2D _Geonetry’,’ UserDefined ,’ NotDefined ];

WR25: ((RepresentationType = ' Boundi ngBox’) AND
(H INDEX(Itens) = 1) AND
(" | FC20_LONGFORM | FCBOUNDI NGBOX' I N
TYPEOR(Itens[1]))) OR
(Representati onType <> ' Boundi ngBox’ ) ;
END_ENTI TY,

WR24: '2D_Geometry’
added

By: KKa

Date: 11-May-2001

IAl Forum Finland / BLIS  2001-05-16

IFC_R2_CertificationTesting_SchemaRefinement_V10_2001-06-06.doc




IFC R2.0 Certification procedure

Pre-release

10

Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTITY | fcBuil di ng
SUBTYPE OF (I fcProduct);
Bui | di ngRef erence :
Bui | di ngNarne
cal cTot al Hei ght
cal cSi t eCover age
cal cTot al Vol une
El evat i onOf Ref Hei ght
El evati onOf Terrain
| NVERSE
Servi cedBySyst ens :
SET [0: ?] OF |fcRel ServicesBuil di ngs
FOR Rel at edBui | di ngs;

OPTI ONAL STRI NG,

OPTI ONAL  STRI NG,

OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cAr eaMeasur e;
OPTI ONAL | f cVol uneMeasur e;
OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cLengt hMeasur e;

VWHERE
WR41:
S| ZEOF( QUERY( Tenp <* SELF\|fcObj ect.|sContai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) = 1;
WR42:
S| ZEOF( QUERY( Tenp <* SELF\|fcObject.|sContai nedBy |
(Tenp. Rel ati onshi pType = SiteContainer) AND
(Tenp. Cont ai nedOr Ref erenced = Contai ned))) <= 1;
END_ENTI TY;

ENTI TY | fcBuil di ng
SUBTYPE OF (| fcProduct);
Bui | di ngRef er ence
Bui | di ngName
cal cTot al Hei ght
cal cSi t eCover age
cal cTot al Vol une
El evati onOf Ref Hei ght
El evati onOf Terrain
| NVERSE
Servi cedBySystens :
SET [0:?] OF |fcRel ServicesBuil di ngs
FOR Rel at edBui | di ngs;

OPTI ONAL STRI NG

OPTI ONAL STRI NG,

OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cAreaMeasur e;
OPTI ONAL | f cVol umeMeasur e;
OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cLengt hMeasur e;

VWHERE

VR41:
S| ZEOF( QUERY( Tenp<* SELF\ | f cObj ect . | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) <= 1;

VR4 2:
S| ZEOF( QUERY( Tenp<* SELF\ | f cObj ect . | sCont ai nedBy |
(Tenp. Rel ati onshi pType = SiteContai ner) AND
( Tenp. Cont ai nedOr Ref erenced = Contained))) <= 1;

END_ENTI TY;

WRA41: SIZEOF query
constraint <= 1 changed
from= 1.

By: KKa
Date:  11-May-2001

ENTITY | fcBui |l di ngSt orey
SUBTYPE OF (I fcProduct);
Bui | di ngSt or eyRef erence :
Bui | di ngSt or eyNane :
El evati on
cal cTot al Hei ght
cal cTot al Area
cal cTot al Vol une
WHERE
WR41:
S| ZEOF( QUERY( Tenp <* SELF\|fcObject.|sContai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) = 1;
WR42:
S| ZEOF( QUERY( Tenp <* SELF\|fcObject.|sContai nedBy |
(Tenp. Rel ati onshi pType = Bui | di ngCont ai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Contai ned))) <= 1;
END_ENTI TY;

OPTI ONAL STRI NG,

OPTI ONAL STRI NG

| f cLengt hMeasur e;

OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cAreaMeasur e;
OPTI ONAL | f cVol uneMeasur e;

ENTI TY | f cBuil di ngSt or ey
SUBTYPE OF (I fcProduct);
Bui | di ngSt or eyRef erence :
Bui | di ngSt or eyNane :
El evati on
cal cTot al Hei ght
cal cTot al Area
cal cTot al Vol une
VWHERE
WRA1:
S| ZEOF( QUERY( Tenp<* SELF\| fcObj ect. | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) <= 1;
VR42:
S| ZEOF( QUERY( Tenp<* SELF\| f cObj ect. | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Bui |l di ngCont ai ner) AND
( Tenp. Cont ai nedOr Ref erenced = Contained))) <= 1;
END_ENTI TY;

OPTI ONAL STRI NG

OPTI ONAL STRI NG,

| f cLengt hMeasur e;

OPTI ONAL | f cLengt hMeasur e;
OPTI ONAL | f cAr eaMeasur e;
OPTI ONAL | f cVol uneMeasur e;

WRA41: SIZEOF query
constraint <=1 changed
from= 1.

By: KKa
Date: 11-May-2001
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTITY | f cEl ement
ABSTRACT SUPERTYPE OF
(ONEOF( | f cBui | di ngEl ement, | fcOpeni ngEl enent))
SUBTYPE OF (I fcProduct);
| NVERSE
ConnectedTo : SET [0:?] OF |fcRel ConnectsEl enents
FOR Rel ati ngEl enent ;
ConnectedFrom : SET [0:?] OF |fcRel ConnectsEl enents
FOR Rel at edEl enent ;
| sAssenbl yThrough : SET [0:1] OF
| f cRel Assenbl esEl enent s
FOR Rel ati ngEl enment ;
Part Of Assenbly : SET [0:1] OF IfcRel Assenbl esEl enent s
FOR Rel at edEl enent s;
VWHERE
WR41:
S| ZEOF( QUERY( Tenp<* SELF\| f cObj ect . | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) = 1;
WR42:
SI ZEOF( QUERY( Tenp <* SELF\|fcObj ect. | sContai nedBy |
(((Tenp. Rel ati onshi pType = SiteContainer) OR
(Tenp. Rel ati onshi pType Bui | di ngCont ai ner) OR
(Tenp. Rel ati onshi pType = Bui |l di ngSt or eyCont ai ner)
OR (Tenp. Rel ati onshi pType = SpaceContai ner)) AND
( Tenp. Cont ai nedOr Ref er enced Contained )))) <= 1;
END_ENTI TY;

ENTI TY | f cEl enent
ABSTRACT SUPERTYPE OF ( ONEOF( I f cBui | di ngEl enent
, 1 f cOpeni ngEl enent))
SUBTYPE COF (I fcProduct);
I NVERSE
Connect edTo : SET [0:?] OF
| f cRel Connect sEl enent s
FOR Rel ati ngEl erment ;
Connect edFrom : SET [0:?] OF
| f cRel Connect sEl enent s
FOR Rel at edEl enent ;
| sAssenbl yThrough : SET [0:1] OF
| f cRel Assenbl esEl enent s
FOR Rel ati ngEl enent ;
Part Of Assenbl y : SET [0:1] OF
| f cRel Assenbl esEl enent s
FOR Rel at edEl enent s;
END_ENTI TY;

WR41: Moved to
IfcBuildingElement
WR42: Moved to
IfcBuildingElement

By: KKa
Date:  22-May-2001
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTI TY | f cBui | di ngEl enmrent
SUPERTYPE OF ( ONEOF(
IfcBeam IfcBuiltln, IfcColum, |fcCovering,
I fcCurtainval |, |fcDiscreteEl ement,
| fcDistributionEl erent, |fcDoor, |fcDoorlLining,
| f cDoor Panel, |fcEl ectrical Appliance, |fcEquipnent,
| fcFurniture, |fcPerneabl eCovering,|fcRailing,
| fcRanmp, |fcRanpFlight, IfcRoof, IfcSlab, IfcStair,
IfcStairFlight, |fcSystenfurnitureEl ement,
| fcVisual Screen, |fcwall, |fcWndow, |fcW ndowLining,
| f cW ndowPanel ))
SUBTYPE OF (I fcEl ement);
HasMat eri al OPTI ONAL | fcMateri al Sel ect;
| NVERSE
Provi desBoundari es :
| f cRel Separ at esSpaces
FOR Rel ati ngBui | di ngEl enent ;

SET [0:7] OF

HasOpeni ngs SET [0: ?] OF I|fcRel Voi dsEl enent
FOR Rel ati ngBui | di ngEl enent ;
Fi 11 sVoi ds SET [0:?] OF IfcRel FillsEl ement
FOR Rel at edBui | di ngEl erment ;
END_ENTI TY;

ENTI TY | f cBui | di ngEl enment
SUPERTYPE OF ( ONEOR(
IfcBeam |IfcBuiltln, IfcColum, |fcCovering,
IfcCurtai nvall, |fcDiscreteEl ement,
| fcDi stributionEl enent, |fcDoor, |fcDoorlLining,
| f cDoor Panel , |fcEl ectrical Appliance, |fcEquipnent,
| fcFurniture, |fcPerneabl eCovering,|fcRailing,
| fcRanp, |fcRanpFlight, IfcRoof, IfcSlab, IfcStair,
IfcStairFlight, |fcSystenfturnitureEl ement,
| fcVisual Screen, [fcwall, |fcWndow, |fcW ndowLining,
| f cW ndowPanel ))
SUBTYPE OF (I fcEl enment);
HasMat eri al OPTI ONAL | fcMateri al Sel ect;
I NVERSE
Provi desBoundari es :
| f cRel Separ at esSpaces
FOR Rel ati ngBui | di ngEl enment ;

SET [0:?] OF

HasOpeni ngs SET [0: ?] OF |fcRel Voi dsEl emrent
FOR Rel at i ngBui | di ngEl enent ;
Fi I | sVoi ds SET [0:?] OF IfcRel FillsEl ement
FOR Rel at edBui | di ngEl enment ;
VWHERE
WR51: S| ZEOF( QUERY( Tenp <*

SELF\ | f cQbj ect . | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Cont ai ner)
AND ( Tenp. Cont ai nedOr Ref erenced = Ref erenced)))
<= 1;
WR52: S| ZEOF( QUERY( Tenp <*

SELR\ | f cQoj ect . | sCont ai nedBy |
(((Tenp. Rel ati onshi pType = SiteCont ai ner)
OR (Tenp. Rel ati onshi pType Bui | di ngCont ai ner)
OR (Tenp. Rel ati onshi pType
Bui | di ngSt or eyCont ai ner)
OR (Tenp. Rel ati onshi pType = SpaceCont ai ner))
AND ( Tenp. Cont ai nedOr Ref erenced = Contained ))))
= 1;

END_ENTI TY;

WR41 & WR42 moved
from IfcElement

By: KKa
Date:  22-May-2001

WRA41: SIZEOF query
constraint <= 1 changed
from= 1.

WRA42: SIZEOF query
congtraint = 1 changed from
<=1

By: KKa
Date: 11-May-2001
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTITY IfcSite
SUBTYPE OF (I fcProduct);
Ref Lati t ude OPTI ONAL | f cConmpoundPl aneAngl eMeasur e;
Ref Longi tude : OPTI ONAL | f cConmpoundPl aneAngl eMeasur e;
Ref El evation : OPTIONAL | fclLengt hMeasure;
TrueNorth OPTIONAL I fcDirection;
cal cSitePerinmeter OPTI ONAL
| f cPosi ti veLengt hMeasur e;
calcSiteArea : OPTIONAL | f cAreaMeasure;
VWHERE
WR41:
SI ZEOF( QUERY( Tenp <* SELF\|fcObj ect.|sContai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) = 1;
END_ENTI TY;

ENTITY IfcSite
SUBTYPE OF (I fcProduct);
Ref Lati tude OPTI ONAL | f cConpoundPl aneAngl eMeasur €;
Ref Longi tude : OPTI ONAL | f cConpoundPl aneAngl eMeasur e;
Ref El evation : OPTI ONAL | fcLengt hMeasur e;
TrueNorth OPTIONAL IfcDirection;
cal cSitePerineter OPTI ONAL
| f cPosi ti veLengt hMeasur e;
calcSiteArea : OPTIONAL |IfcAreaMeasure;
VWHERE
WR41:
Sl ZEOF( QUERY( Tenp<* SELF\ | f cQbj ect . | sCont ai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Contained))) <= 1;
END_ENTI TY;

WRA41: Referenced changed
to Contained. SIZEOF
guery constraint <=1
changed from = 1.

By: KKa
Date:  11-May-2001
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTITY | f cSpace
SUPERTYPE OF ( ONEOF(
| fcFi reConpart nent
, I fcWwrkstation ))
SUBTYPE OF (IfcSpatial El ement);
BoundedBy : LIST [1:?] OF |fcSpaceBoundary;
InteriorOExteriorSpace : |fclnternal O External Enum
SpaceRef erence : OPTIONAL STRI NG
SpaceNane : OPTIONAL STRI NG
cal cTot al Peri et er OPTI ONAL
| f cPosi tivelLengt hMeasur e;
OPTI ONAL | f cAreaMeasur e;
OPTI ONAL | f cVol uneMeasur e;

cal cTot al Area
cal cTot al Vol une

cal cAver ageHei ght OPTI ONAL
| f cPosi tiveLengt hMeasur e;
cal cAver ageG ossHei ght OPTI ONAL
| f cPosi ti veLengt hMeasur e;
cal cAver ageCl ear Hei ght OPTI ONAL
| f cPosi tiveLengt hMeasur e;

OPTI ONAL
| f cLengt hMeasur e;

cal cEl evati onWthFl ooring :

| NVERSE

| sAssenbl yThrough : SET [0:1] OF
| f cRel Assenbl esSpaces
FOR Rel ati ngSpace;
SET [0:1] OF
| f cRel Assenbl esSpaces
FOR Rel at edSpaces;

Part Of Assenbl y

WHERE
WR52:
S| ZEOF( QUERY( Tenp <* SELF\|fcObject.|sContai nedBy |
(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND
(Tenp. Cont ai nedOr Ref erenced = Referenced))) = 1;
WR53:
S| ZEOF( QUERY( Tenp <* SELF\|fcObject.|sContai nedBy |
(((Tenp. Rel ati onshi pType = SiteContainer) OR
(Tenp. Rel ati onshi pType Bui | di ngSt or eyCont ai ner))
AND
(Tenp. Cont ai nedOr Ref erenced = Contained )))) <= 1,
END_ENTI TY;

ENTI TY | f cSpace
SUPERTYPE OF ( ONEOF(
| f cFi reConpart ment
, I fcWrkstation ))
SUBTYPE OF (IfcSpati al El ement);
BoundedBy : LIST [1:?] OF | fcSpaceBoundary;
InteriorOExteriorSpace : |fclnternal O Ext ernal Enum
SpaceRef erence : OPTI ONAL STRI NG
SpaceNane : OPTI ONAL STRI NG
cal cTot al Peri net er OPTI ONAL
| f cPosi ti veLengt hMeasur e;
OPTI ONAL | f cAr eaMeasur e;
OPTI ONAL | f cVol uneMeasur e;

cal cTotal Area
cal cTot al Vol une

cal cAver ageHei ght OPTI ONAL
| f cPosi ti veLengt hMeasur e;
cal cAver ageG ossHei ght OPTI ONAL
| f cPosi ti veLengt hMeasur e;
cal cAver aged ear Hei ght OPTI ONAL
| f cPosi ti veLengt hMeasur g;

OPTI ONAL
| f cLengt hMeasur e;

cal cEl evati onWt hFl ooring :

| NVERSE

| sAssenbl yThrough : SET [0:1] OF
| f cRel Assenbl esSpaces
FOR Rel at i ngSpace;
SET [0:1] OF
| f cRel Assenbl esSpaces
FOR Rel at edSpaces;

Part Of Assenbl y

WHERE
VR52:

S| ZEOF( QUERY( Tenp <* SELF\I|fcObj ect.|sContai nedBy |

(Tenp. Rel ati onshi pType = Proj ect Contai ner) AND

(Tenp. Cont ai nedOr Ref erenced = Referenced))) <= 1;

VR53:
Sl ZEOF( QUERY( Tenp<* SELF\ | f cbj ect. | sCont ai nedBy |
(((Tenp. Rel ati onshi pType = SiteContainer) OR
(Tenp. Rel ati onshi pType = Bui |l di ngSt or eyCont ai ner))
AND
(Tenp. Cont ai nedOr Ref erenced = Contained )))) = 1;
END_ENTI TY,;

WR52: SIZEOF query
constraint <= 1 changed
from= 1.

WR53: SIZEOF query
constraint = 1 changed from
<=1

KKa
11-May-2001

By:
Date:
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Original IFC R2.0 specification Refined version for IFC R2.0 certification Description
ENTITY | f cBeam ENTI TY | f cBeam WR62: deleted
SUBTYPE OF (| fcBuil di ngEl ement); SUBTYPE OF (| fcBuil di ngEl enent); By: KKa

OPTI ONAL | f cAreaMeasur e;
OPTI ONAL | f cVol uneMeasur e;

cal cBeantecti onArea :
cal cBeanVol une
WHERE
WR62: ' | FC20_LONGFORM | FCVATERI ALLI ST' IN
TYPEOF( SELF\ | f cBui | di ngEl enent . HasMat eri al ) ;
END_ENTI TY;

cal cBeanBecti onArea :
cal cBeanvol une
END_ENTI TY;

OPTI ONAL | f cAr eaMeasur e;
OPTI ONAL | f cVol unmeMeasur €;

Date: 11-May-2001

ENTITY | fcCol um
SUBTYPE OF (| fcBuil di ngEl ement);
cal cCol umSecti onArea : OPTI ONAL | fcAreaMeasure;
cal cCol umVol une OPTI ONAL | f cVol uneMeasur e;
VWHERE
WR62: ' | FC20_LONGFORM | FCVATERI ALLI ST I N
TYPEOF( SELF\ | f cBui | di ngEl enent . HasMateri al ) ;
END_ENTI TY;

ENTI TY | fcCol um
SUBTYPE OF (| fcBuil di ngEl enent);
cal cCol umSecti onArea : OPTI ONAL | f cAreaMeasur e;
cal cCol umVol une OPTI ONAL | f cVol unmeMeasur €;
END_ENTI TY;

WR62: deleted

By: KKa
Date: 11-May-2001

ENTI TY | f cDoor Panel
SUBTYPE OF (| fcBuil di ngEl ermrent);
Predefi nedType : |fcDoor Panel TypeEnum
VWHERE
WR61: ' | FC20_LONGFORM | FCVATERI ALLI ST IN
TYPEOF( SELF\ | f cBui | di ngEl enent . HasMateri al ) ;
WR62: ((PredefinedType =
| f cDoor Panel TypeEnum User Def i ned) AND
EXI STS(SELFR\ | f cOhj ect . User Def i nedType)) OR
((PredefinedType <>
| f cDoor Panel TypeEnum User Def i ned) AND
NOT( EXI STS( SELF\ | f cObj ect . User Def i nedType)));
END_ENTI TY;

ENTI TY | f cDoor Panel
SUBTYPE OF (I fcBuil di ngEl enment);
Predefi nedType : |fcDoor Panel TypeEnum
VWHERE
WR62: ((PredefinedType =
| f cDoor Panel TypeEnum User Defi ned) AND
EXI STS( SELF\ | f cObj ect . User Def i nedType)) OR
((PredefinedType <>
| f cDoor Panel TypeEnum User Def i ned) AND
NOT( EXI STS( SELF\ | f cObj ect . User Def i nedType) ) ) ;
END_ENTI TY;

WR61: deleted

By: KKa
Date: 11-May-2001
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Appendix 3. Refined CONSTANTS and FUNCTIONS.

KSn = Kalle Serén, Eurostepsys Oy

Original IFC R2.0 specification ‘ Refined version for IFC R2.0 certification Description
CONSTANTS
o tants i i nal ficati CONSTANT New constant added to
<No constants in original specification> ;
I fcDumyGi | fcGeonetri cRepresentationltem: = resolve prObIemWIth .
| f cGeomet ri cRepresentationlten(); geometry related functions
END_CONSTANT;
- By: KSn
Date:  18-Apr-2001
Source: [IFC R1.5.1 Corr]
FUNCTIONS

FUNCTI ON | f cBui | d2Axes
(RefDirection : IfcDirection) LIST [2:2] OF

IfcDirection;

LOCAL
U: LIST[2:2] O IfcDirection
:= [IfcCeonetricRepresentationlten() ||
IfcDrection([1.0,0.0]),
| fcCeonetricRepresentationlten() ||
IfcDirection([0.0,1.0])];
END_LOCAL;

U 1] := NVL(IfcNornalise(RefDirection),
| fcGeonetricRepresentationltem() ||
IfcDirection([1.0,0.0]));
U 2] := IfcOthogonal Conpl ement (U 1]);
RETURN( U) ;

END_FUNCTI ON,

FUNCTI ON | f cBui | d2Axes
(RefDirection : IfcDirection) LIST [2:2] OF

IfcDirection;

LOCAL
D: IfcDirection
:= NVL(IfcNornalise(RefDirection),
| fcDumyGi || IfcDirection([1.0,0.0]));
END_LOCAL;

RETURN([ D, I fcOrthogonal Conpl ement (D)]);

END_FUNCTI ON;

Function changed to resolve
geometry related problems

By: KSn
Date:  18-Apr-2001
Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | f cBui | dAxes
(Axis, RefDirection : IfcDirection)

LIST [3:3] OF IfcDirection;

LOCAL
U: LIST[3:3] OF IfcDrection
:= [IfcCeonetricRepresentationlten() ||
IfcDrection([1.0,0.0,0.0]),
| fcGeonetricRepresentationltem() ||
IfcDrection([0.0,1.0,0.0]),
| fcCeonetricRepresentationlten() ||
IfcDrection([0.0,0.0,1.0])1;
END_LOCAL;
U 3] NVL( I fcNormal i se( Axi s),
| fcCeonetricRepresentationlten() ||
IfcDrection([0.0,0.0,1.0]));

U1l] := IfcFirstProjAxis(U 3], RefDirection);
U2 := IfcNornalise(
I fcCrossProduct (U 3],U1])).Oientation;
RETURN(U) ;
END_FUNCTI ON;

FUNCTI ON | f cBui | dAxes

(Axis, RefDirection : IfcDirection)
LIST [3:3] OF IfcDirection;
LOCAL
D1, D2 : IfcDirection;
END_LOCAL;

Dl := NVL(IfcNormalise(Axis), IfcDumyGi ||
IfcDrection([0.0,0.0,1.0]));

D2 := IfcFirstProj Axi s(Dl, RefDirection);
RETURN
(roe, . . .
I fcNormalise(lfcCrossProduct (D1,D2)). Orientation,
D1]);
END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]

FUNCTION I fcCircleProfilelntoCurve

(Profil eDef IfcGircleProfileDef) | fcTri medCurve;
LOCAL

Pos . | fcAXi s2Pl acenent 2D;

Crcle IfcCrcle;

ResCurve : |fcTri medCurve;
END_LOCAL;

Pos := ProfileDef\IfcAttDrivenProfil eDef.Position;
Crcle := IfcCeonetricRepresentationlten() ||

I fcCurve() || IfcConic(Pos) ||

I fcCrcle(Profil eDef. Radius);
ResCurve := |fcGeonetri cRepresentationltem() ||

IfcCurve() || |fcBoundedCurve() ||

I fcTrimedCurve(Circle, [0.0], [2*PI],

TRUE, Paraneter);

RETURN (ResCurve);

END_FUNCTI ON;

FUNCTION I fcG rcl eProfil elntoCurve

(Profil eDef I fcGrcleProfileDef) | fcTri medCur ve;
LOCAL

Pos . | fcAXi s2Pl acenent 2D;

Crcle IfcCrcle;

ResCurve : | fcTri medCurve;
END_LOCAL;

Pos := ProfileDef\IfcAttDrivenProfil eDef. Position;

Grcle = IfcDumyGi || IfcCurve() ||
| fcConi c(Pos) ||
IfcCrcle(Profil eDef.Radius);

ResCurve := I fcDumyGi || IfcCurve() ||
| f cBoundedCurve() ||

| fcTri medCurve(Crcle, [0.0], [2*PI],
TRUE, Paraneter);
RETURN (ResCurve);

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | f cCr ossProduct

FUNCTI ON | f cCr ossProduct

Function changed to resolve

(Argl, Arg2 : IfcDirection) : IfcVector; (Argl, Arg2 : IfcDirection) : IfcVector; geometry related problems
LOCAL LOCAL By: KSn
Mag : REAL := 0.0; Mag : REAL; Date:  18-Apr-2001
V1, V2 LI ST[3:3] OF REAL := [0.0:3]; Res : IfcDirection; Source: [IFC R1.5.1 Corr]
Res : IfcDirection V1, V2 LI ST[3: 3] OF REAL;
= | fcGeonetricRepresentationlten() || Resul t | fcVector;
IfcDrection([1.0,0.0,0.0]); END_LOCAL,;
Resul t | f cVect or
= | fcGeonetri cRepresentationlten() || I'F (NOT EXI STS (Argl) OR (Argl.Dim= 2)) OR
I fcVector (I fcGeonetricRepresentationlten) (NOT EXI STS (Arg2) OR (Arg2.Dim = 2)) THEN
|| IfcDirection([1.0,0.0,0.0]), 1.0); RETURN( ?) ;
END_LOCAL; ELSE
BEG N
IF (NOT EXISTS (Argl) OR (Argl.Dim= 2)) OR V1 = |fcNormalise(Argl).DirectionRatios;
(NOT EXI STS (Arg2) OR (Arg2.Dim = 2)) THEN V2 = IfcNormalise(Arg2).DirectionRati os;
RETURN( ?) ; Res := IfcDumyGi ||
ELSE IfcDirection([(V1[2]*V2[3] - V1[3]*V2[2]),
BEG N (V1[3]*V2[1] - Vi[1]*V2[3]),
V1 = IfcNornalise(Argl).DirectionRatios; (Va[1]*V2[2] - V1[2]*V2[1])]);
V2 := I1fcNornalise(Arg2).DirectionRatios; Mag := 0.0;
Res. DirectionRatios[1] := REPEAT i := 1 TO 3;
(V1[2]*V2[3] - v1[3]*Vv2[2]); Mag = Mag +
Res. DirectionRatios[2] := Res. DirectionRatios[i]*Res.DirectionRatios[i];
(V[ 3]*V2[1] - v1[1]*v2[3]); END_REPEAT;
Res.DirectionRatios[3] := IF (Mag > 0.0) THEN
(Vi[1]*V2[2] - v1[2]*v2[1]); Result := I fcDumyGi ||
Mag := 0.0; | fcVect or (Res, SQRT(Mag));
REPEAT i := 1 TO 3; ELSE
Mag := Mag + Result := IfcDumyGi || IfcVector(Argl, 0.0);
Res. DirectionRatios[i]*Res.DirectionRatios[i]; END_| F;
END_REPEAT; RETURN( Resul t);
IF (Mag > 0.0) THEN END;
Result.Orientation : = Res; END | F;
Resul t . Magni t ude = SQRT(Mag);
ELSE END_FUNCTI ON,
Result.Orientation := Argl,;
Resul t . Magni t ude = 0.0;
END_I F;
RETURN( Resul t);
END;
END_I F;
END_FUNCTI ON,
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | f cDot Pr oduct

(Argl, Arg2 : IfcDirection) : REAL;
LOCAL
Scal ar © REAL := 0.0;
Ndi m : INTEGER : = 0;
Vecl,Vec2 : IfcDirection
= | fcCGeometri cRepresentationlten)
IfcDrection([1.0,0.0,0.0]);
END_LOCAL;
I F NOT EXI STS (Argl) OR NOT EXI STS (Arg2) THEN
Scalar := ?;
ELSE
IF (Argl.dim<> Arg2.din) THEN
Scal ar := ?;
ELSE
BEG N
Vecl = |fcNormalise(Argl);
Vec2 = | fcNormalise(Arg2);
Ndi m = Argl.D'm
Scalar := 0.0;
REPEAT i := 1 TO Ndi m
Scal ar := Scalar +
Vecl.DirectionRatios[i] *
Vec2.DirectionRatios[i];
END_REPEAT;
END;
END_I F;
END_I F;

RETURN (Scal ar);

END_FUNCTI ON,

FUNCTI ON | f cDot Pr oduct

(Argl, Arg2 : IfcDirection) : REAL;
LOCAL
Scal ar : REAL;
Vecl, Vec2 : IfcDirection;
Ndi m . | NTEGER;
END_LOCAL;
I F NOT EXI STS (Argl) OR NOT EXI STS (Arg2)
Scal ar := ?;
ELSE
IF (Argl.Dim<> Arg2.Din) THEN
Scal ar := ?;
ELSE
BEG N
Vecl = I fcNormalise(Argl);
Vec?2 = I fcNormalise(Arg2);
Ndi m = Argl.Dm
Scal ar := 0.0;
REPEAT i := 1 TO Ndi m
Scal ar := Scal ar +
Vecl.DirectionRatios[i]
Vec2.DirectionRatios[i];
END_REPEAT,;
END;
END | F;
END | F;

RETURN ( Scal ar);

END_FUNCTI ON;

THEN

*

Function changed to resolve
geometry related problems

By: KSn
Date:  18-Apr-2001
Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | f cExt rusi onPat h

(Solid : IfcAttDrivenExtrudedSolid) | fcPol yline;
LOCAL
Pat h | fcPol yline;
Depth : |fcPositivelLengthMeasure
;= Solid. Segrment s[ 1] . Dept h;
NDi m I NTEGER : = HI | NDEX( Sol i d. Segnent s) ;
END_LOCAL;
IF NDim> 1 THEN
REPEAT i := 2 TO NDm
Depth := Depth + Solid. Segments[i].Depth;
END_REPEAT;
END_I F;
Path := |fcGeonetricRepresentationlten() ||
I fcCurve() ||
| f cBoundedCurve() ||
I fcPol yline(
[ Solid. Segnent s[ 1] . Posi tion. Locati on,
| f cPoi nt Transl ati on(
Sol i d. Segnent s[ 1] . Posi tion. Locati on,
| fcCeonetricRepresentationlten() ||
| fcVect or (
Sol i d. Segnent s[ 1] . Posi tion. P[ 3],
Depth))]1);
RETURN( Pat h) ;
END_FUNCTI ON,;

FUNCTI ON | f cExt rusi onPat h

(Solid : IfcAttDrivenExtrudedSolid) I fcPol yline;
LOCAL

Pat h I fcPol yline;

Depth : |fcPositivelLengt hMeasure : = O;

NDi m I NTEGER : = HI | NDEX( Sol i d. Segnents) ;
END_LOCAL;
REPEAT i := 1 TO NDi m

Depth := Depth + Solid. Segnents[i]. Depth;
END_REPEAT;
Path := I fcDumyGi || IfcCurve() ||

| f cBoundedCurve() ||

I fcPol yline(
[ Solid. Segnent s[ 1] . Posi tion. Locati on,
I f cPoi nt Transl ati on(

Sol i d. Segnent s[ 1] . Posi tion. Locati on,

I fcDumyGi ||

I fcVect or (
Sol i d. Segnment s[ 1] . Posi tion. P[ 3],
Depth))1);

RETURN( Pat h) ;

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | fcFi rstProj Axi s

(ZAxis, Arg : IfcDirection) IfcDrection;
LOCAL
XAxis, V: IfcDirection
= | fcGeonetri cRepresentationlten() ||
IfcDrection([1.0,0.0,0.0]);
XVec | f cVect or
= | fcGeonetricRepresentationlten() ||
| fcVect or (
| fcCeonetricRepresentationlten() ||
IfcDrection([1.0,0.0,0.0]), 1.0);
END_LOCAL;

I F (NOT EXI STS(ZAxis)) OR
((EXISTS(Arg)) AND (Arg.Dim <> 3)) THEN
XAxis 1= 7?;
ELSE
ZAxis := |fcNormalise(ZAxis);
I F NOT EXI STS(Arg) THEN
IF (ZAxis <> IfcDirection([1.0,0.0,0.0])) THEN
V := IfcGeonetricRepresentationlten() ||
IfcDrection([1.0,0.0,0.0]);

ELSE
V := IfcGeonetricRepresentationlten() ||
IfcDrection([0.0,1.0,0.0]);
END_I F;
ELSE
IF ((IfcCrossProduct (Arg, ZAxi s). Magni tude) = 0.0)
THEN
RETURN (?);
ELSE
V := IfcNormalise(Arg);
END_I F;
END_I F;
XVec := IfcScal ar Ti mesVect or (
| f cDot Product (V, ZAxis), ZAXis);
XAxis := IfcVectorDifference(V, XVec).Oientation;
XAxis := IfcNornalise(XAxis);
END_I F;

RETURN( XAXi s) ;

END_FUNCTI ON,

FUNCTI ON | f cFi rst Proj Axi s

(ZAxis, Arg : IfcDirection) IfcDirection;
LOCAL
XAxis : IfcDirection;
V : IfcDirection;
z : IfcDirection;
XVec : IfcVector;
END_LOCAL;
I F (NOT EXI STS(ZAxis)) THEN
RETURN (?) ;
ELSE
Z := |fcNormalise(ZAXis);

I F NOT EXI STS(Arg) THEN
IF (Z.DirectionRatios <> [1.0,0.0,0.0]) THEN

V:=IfcDumyGi || IfcDrection([1.0,0.0,0.0]);
ELSE
V:= IfcDumyGi || IfcDirection([0.0,1.0,0.0]);
END_| F;
ELSE
IF (Arg.Dim <> 3) THEN
RETURN (?) ;
END_| F;
I'F ((IfcCrossProduct (Arg, Z). Magni tude) = 0.0) THEN
RETURN (?);
ELSE
V := IfcNornalise(Arg);
END_| F;
END_| F;
XVec := |fcScal arTi nesVect or (

| f cDot Product (V, 2), 2);

XAxis := IfcVectorDi fference(V, XVec).Oientation;
XAxis := | fcNormalise(XAxis);
END | F;

RETURN( XAXi S) ;

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

FUNCTI ON | fcNornmal i se

(Arg : IfcVectorODirection) I fcVectorOrDirection;
LOCAL

Ndi m I NTEGER : = 0;

Mag :  REAL := 0.0;

Y, IfcDirection

| fcGeonetricRepresentationltem() ||
IfcDrection([1.0,0.0,0.0]);

Vec : IfcVector

| fcCeonetricRepresentationlten() ||

I fcVector (I fcGeonetricRepresentationlten)

|| IfcDirection([1.0,0.0,0.0]), 1.0);

Resul t IfcVectorOrDirection : =V,
END_LOCAL;
I F NOT EXI STS (Arg) THEN

Result := ?;
ELSE

Ndim:= Arg.D'm
I F ' 1 FC20_LONGFORM | FCVECTOR
BEG N
Vec = Arg;
V = Arg.Oientation;
I F Arg. Magni tude = 0.0 THEN
RETURN( ?) ;
ELSE
Vec. Magni tude : = 1.0;
END_I F;
END;
ELSE
V:= Arg;

I N TYPECF( Arg) THEN

Mag := Mag +
(V.DirectionRatios[i]*V.DirectionRatios[i]);

END_REPEAT;
IF Mag > 0.0 THEN

Mag = SQRT(Mag) ;

REPEAT i := 1 TO Ndim

V.DirectionRatios[i] :=
V.DirectionRatios[i]/Mg;
END_REPEAT;

FUNCTI ON | fcNornal i se

(Arg : IfcVectorOrDirection) IfcVectorOrDirection;
LOCAL
Ndi m I NTECER;
\% : IfcDirection
= | fcDumyGi || IfcDirection([1.,0.]);
Vec . IfcVector
= [ fcDumyGi ||
I fcVector (I fcDumyGi ||
IfcDirection([1.,0.]1), 1.);
Mag © REAL;
Resul t IfcVectorODirection : =V,
END_LOCAL;
I F NOT EXI STS (Arg) THEN
RETURN (?);
ELSE

Ndim:= Arg.Dim
I'F "1 FC20_LONGFORM | FCVECTOR
BEG N
Vec := Arg;
V:= Arg.Oientation;
I'F Arg. Magnitude = 0.0 THEN
RETURN( ?) ;
ELSE
Vec. Magni tude : = 1.0;
END_| F;
END;
ELSE
V.= Ag;
END_| F;
Mag := 0.0;
REPEAT i : =
Mag : = Ma
V.

I'N TYPEOF( Arg) THEN

1 TO Ndim

g +
DirectionRatios[i]*V.DirectionRatios[i];
END_REPEAT,
IF Mag > 0.0 THEN

Mag := SQRT(Mag);

REPEAT i := 1 TO Ndim

V.DirectionRatios[i] :=
V.DirectionRatios[i]/Mg;
END_REPEAT,

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001
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I F * | FC20_LONGFORM | FCVECTOR | N TYPEOF(Arg) THEN

Vec.Orientation : =V,
Result := Vec;
ELSE
Result :=V;
END | F;
ELSE
RETURN( ?) ;
END | F;
END | F;

RETURN( Resul t);

END_FUNCTI ON,

I'F "1 FC20_LONGFORM | FCVECTOR | N TYPEOF( Arg) THEN

Vec.Orientation : =V,
Resul t := Vec;
ELSE
Result :=V;
END | F;
ELSE
RETURN( ?) ;
END | F;
END | F;

RETURN( Resul t ) ;

END_FUNCTI ON;

FUNCTI ON | f cOrt hogonal Conpl enment

(Vec : IfcDirection) IfcDirection;
LOCAL
Resul t I fcDirection
= |IfcCeometricRepresentationlten() ||
IfcDirection([1.0,0.0]);
END_LOCAL;
IF (Vec.Dim <> 2) OR NOT EXI STS (Vec) THEN
RETURN( ?) ;
ELSE

Resul t. Di rectionRati os[ 1]
Resul t. DirectionRati os[ 2]
RETURN(result);

END_I F;

-Vec.DirectionRatios[2];
Vec.DirectionRatios[1];

END_FUNCTI ON;

FUNCTI ON | f cOrt hogonal Conpl enent

(Vec : IfcDirection) IfcDirection;
LOCAL
Resul t IfcDirection ;
END_LOCAL;
I F NOT EXISTS (Vec) OR (Vec.Dim <> 2) THEN
RETURN( ?) ;
ELSE
Result := IfcDumyGi ||

IfcDirection([-Vec.DirectionRatios[2],
Vec.DirectionRatios[1]]);
RETURN( Resul t ) ;
END | F;

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001
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FUNCTI ON | f cPoi nt Transl ati on

(Origin : IfcCartesianPoint;
Vec I fcVector) | fcCartesianPoint;
LOCAL
NDi m | NTEGER
= HI I NDEX( Ori gi n. Coor di nat es) ;
Poi nt | f cCart esi anPoi nt
= | fcGeonetricRepresentationlten() ||
I fcPoint() ||
| fcCartesianPoi nt (Origi n. Coordi nates);
END_LOCAL;

IF (Oigin.Dim<> Vec.Dim) OR (NOT EXISTS (Vec)) OR
(NOT EXI STS (Origin)) THEN
RETURN( ?) ;
END_I F;
REPEAT i := 1 TO NDim
Poi nt . Coordi nates[i] :=
Oigin. Coordinates[i] +
Vec. Magni tude * Vec.Orientation.DirectionRatios[i];
END_REPEAT;
RETURN( Poi nt ) ;

END_FUNCTI ON,

FUNCTI ON | f cPoi nt Transl ati on

(Origin : |fcCartesianPoint;
Vec | fcVector) | fcCartesi anPoi nt;
LOCAL
NDi m I NTEGER
= H I NDEX( Ori gi n. Coor di nat es) ;
Poi nt | fcCart esi anPoi nt
= [ fcDumyGi ||
IfcPoint() ||
| fcCartesi anPoi nt (Ori gi n. Coor di nat es) ;
END_LOCAL;

IF (Origin.Dim<> Vec.Dinm) OR (NOT EXI STS (Vec)) OR
(NOT EXI STS (Origin)) THEN
RETURN( ?) ;
END_| F;
REPEAT i := 1 TO NDim
Poi nt. Coordi nates[i] :=
Origin. Coordinates[i] +
Vec. Magni tude * Vec.Orientation.DirectionRatios[i];
END_REPEAT;
RETURN( Poi nt) ;

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Description

FUNCTI ON | fcProfil el ntoArea

(Profil eDef | fcAttDrivenProfil eDef)
| f cCur veBoundedPI ane;
LOCAL
Curve2D | f c2DConposi t eCur ve;
ResSurface : |fcCurveBoundedPl ane;
END_LOCAL;
Curve2D := IfcCeonetricRepresentationlten() ||

IfcCurve() || |fcBoundedCurve() ||
| f cConposi t eCur ve(
[ 1 fcConposit eCurveSegmnent (
Cont i nuous, TRUE,
Profil eDef. CurveFor Surface)],
FALSE) ||
| f c2DConposi t eCurve();
| fcGeonetricRepresentationltem() ||
I fcSurface() ||
| f cCur veBoundedPl ane(
| fcGeonetricRepresentationltem() ||
I fcSurface() ||
| f cEl enent arySurface(
| fcCeonetricRepresentationlten() ||
| fcPl acenent (
| fcGeonetricRepresentationltem() ||
IfcPoint () ||
| fcCartesianPoint([0.0, 0.0, 0.0]))
[
| f cAXi s2Pl acenent 3D(
| fcCeonetricRepresentationlten() ||
IfcDirection([0.0,0.0,1.0]),
| fcGeonetricRepresentationltem() ||
IfcDirection([1.0,0.0,0.0]1))) ||
| fcPlane(),
Curve2D, []);
RETURN( ResSur f ace) ;

ResSurface : =

END_FUNCTI O\

FUNCTI ON | fcProfil el nt oArea

(Profil eDef | fcAttDrivenProfil eDef)
| f cCur veBoundedP! ane;
LOCAL
Curve2D | f c2DConposi t eCur ve;
ResSurface : |fcCurveBoundedPl ane;
END_LOCAL;
Curve2D := |fcDumyGi
IfcCurve() || |fcBoundedCurve() ||
| f cConposi t eCur ve(
[1fcDumyGi ||
| f cConposi t eCur veSegnent (
Conti nuous, TRUE,
Profil eDef. CurveFor Surface)],
FALSE) ||
| f c2DConposi t eCurve();
ResSurface := | fcDumyGi ||

I fcSurface() ||
| f cCur veBoundedPl ane(
I fcDumyGi || IfcSurface() ||
| fcEl enent arySurface(
I fcDumyGi ||
I fcPl acenent (

I fcDumyGi || IfcPoint ()

| fcCartesianPoint([0.0, 0.0, 0.0]))

[
I f cAxi s2Pl acenent 3D(
I fcDumyGi ||
IfcDrection([0.0,0.0,1.0]),
| fcDumyGi ||
IfcDrection([1.0,0.0,0.0])))
I fcPl ane(),
Curve2D, []);
RETURN( ResSur f ace) ;

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Description

FUNCTI ON | f cRect angl eProfi | el nt oCurve

(Profil eDef | f cRect angl eProfi | eDef) I fcPol yline;
LOCAL
Poi nts LI ST [4:4] OF |fcCartesianPoi nt
= [IfcGeonetri cRepresentationlten() ||
I fcPoint() ||
| fcCartesianPoint([0.0,0.0]):4];
TenpDir IfcDirection
= | fcGeonetri cRepresentationlten() ||
IfcDrection([1.0,0.0]);
ResCurve : |fcPolyline;
END_LOCAL;
Points[1] :=
ProfileDef\IfcAttDrivenProfil eDef. Position.Location;
TenpDi r 1=
ProfileDef\IfcAttDrivenProfil eDef.Position.P[1];
Poi nts[2] := IfcPointTranslati on(Points[1],
| fcCeonetricRepresentationlten() ||
I fcVector (TenpDir, ProfileDef.XDin));
TenpDi r = | fcOrthogonal Conpl enent (TenpDir);
Poi nts[3] := IfcPointTranslati on(Points[2],
| fcCeonetricRepresentationlten() ||
I fcVector(TenpDir, ProfileDef.YDin));
TenpDi r = | fcOrthogonal Conpl enent (TenpDir);
Poi nts[4] := IfcPointTranslati on(Points[3],
| fcCeonetricRepresentationlten() ||
I fcVector(TenpDir, ProfileDef.XDin));
ResCurve := IfcCeonetricRepresentationlten() ||
IfcCurve() || |fcBoundedCurve() ||
| fcPolyline([Points[1], Points[2],
Poi nt s[ 3],
Poi nts[4], Points[1]]);

RETURN (ResCurve);

END_FUNCTI ON,

FUNCTI ON | f cRect angl eProfi | el nt oCurve

(Profil eDef | f cRect angl eProfil eDef) I fcPol yline;
LOCAL
Poi nts LI ST [4:4] OF IfcCartesianPoi nt
= [IfcDumyGi || IfcPoint() ||
| fcCartesianPoint([0.0,0.0]):4] ;
TenpDi r IfcDirection
= I fcDumyGi || IfcDrection([1.0,0.0]);
ResCurve I fcPol yline;
END_LOCAL;
Points[1] :=
ProfileDef\IfcAttDrivenProfil eDef. Position.Location;
TermpDi r i=

ProfileDef\IfcAttDrivenProfileDef.Position.P[1];

Poi nts[2] := IfcPointTransl ation(
Points[ 1], [fcDumyGi ||
| fcVector(TenpDir, ProfileDef.XDinm);
TenpDi r = | fcOrt hogonal Conpl ement (TenpDir);
Poi nts[3] := IfcPointTransl ation(
Points[2], IfcDumyGi
| fcVector(TenpDir, ProfileDef.YDinm);
TenpDi r = | fcOrt hogonal Conpl ement (TenpDir);
Poi nts[4] := IfcPointTransl ation(
Points[ 3], I[fcDumyGi ||
| fcVector(TenpDir, ProfileDef.XDinm);
ResCurve := IfcDumyGi || IfcCurve() ||
| f cBoundedCurve() ||
I fcPol yline([Points[1], Points[2],
Poi nt s[ 3],
Poi nts[ 4], Points[1]]);

RETURN (ResCurve);

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Description

FUNCTI ON | f cRevol uti onPat h

(Solid : IfcAttDrivenRevol vedSol i d) | fcTri medCurve;
LOCAL

Pat h | fcTri medCur ve,;

Pos | f cAxi s2Pl acenent 3D,

Crcle: IfcCrcle;

Angl e | f cPl aneAngl eMeasure : = 0;

NDim : INTEGER := H | NDEX( Sol i d. Segnents);
END_LOCAL;
REPEAT i := 1 TO NDi m

Angle := Angle + Solid. Segments[i].Angle;
END_REPEAT,;
Pos := |fcGeonetricRepresentationliten() ||

| fcPl acenent (
| f cPoi nt Transl ati on(
Sol i d. Segnent s[ 1] . Posi ti on. Locati on,
| fcGeonetricRepresentationltem() ||
| fcVect or (
I fcNormalise(
Sol i d. Segnents[1].Position.P[1]),
Sol i d. Segnent s[ 1] . Axi s. Locat i on. Coor di nat es[ 1]
1)) 1
| f cAXi s2Pl acenent 3D(
Sol i d. Segnent s[ 1] . Posi tion. P[ 2],
| fcGeonetricRepresentationltem() ||
I fcDirection([
Sol i d. Segnments[1] . Position. P[1].Di rectionRati os[ 1]

* -1.0,
Sol i d. Segnents[1].Position.P[1].Di rectionRati os[ 2]
* -1.0,
Sol i d. Segnents[1].Position.P[1].Di rectionRati os[ 3]
*-1.0]));
Circle := IfcGeonetri cRepresentationltem() ||
I fcCurve() || IfcConic(Pos) ||
IfcCrcle(
Sol i d. Segnent s[ 1] . Axi s. Locati on. Coordi nates[1]);
Pat h = |IfcCGeometricRepresentationlten() ||
IfcCurve() || |fcBoundedCurve() ||

I fcTri medCurve(Circle, [0.0], [Angle],
TRUE, Paraneter);
RETURN ( Pat h) ;

END_FUNCTI ON;

FUNCTI ON | f cRevol uti onPat h

(Solid : IfcAttDrivenRevol vedSol i d) | fcTri medCur ve;
LOCAL

Pat h | fcTri nmedCur ve,;

Pos | f cAxi s2Pl acenent 3D;

Circle : IfcCrcle;

Angl e | f cPar anet er Val ue : = 0;

NDim : | NTEGER : = H | NDEX( Sol i d. Segnent s) ;
END_LOCAL;
REPEAT i := 1 TO NDIm

Angle := Angle + Solid. Segnents[i].Angle;
END_REPEAT;
Pos := I fcDumyGi ||

| fcPl acenent (
| f cPoi nt Transl ati on(
Sol i d. Segnent s[ 1] . Posi ti on. Locati on,
I fcDumyGi ||
I fcVect or (
I fcNormal i se(
Sol i d. Segnent s[ 1] . Posi tion. P[1]),
Sol i d. Segnent s[ 1] . Axi s. Locat i on. Coor di nat es[ 1]
))) I
| f cAXi s2Pl acenent 3D(
Sol i d. Segnment s[ 1] . Posi tion. P[ 2],
I fcDumyGi ||
I fcDirection([
Sol i d. Segnments[1] . Position. P[1].DirectionRati os[ 1]

* -1.0,
Sol i d. Segnment s[ 1] . Position. P[1].DirectionRati os[ 2]
* -1.0,
Sol i d. Segnents[1]. Position.P[1].Di rectionRati os[ 3]
* -1.0]1));
Circle := IfcDumyGi || IfcCurve() || IfcConic(Pos) ||
IfcCrcle(
Sol i d. Segnent s[ 1] . Axi s. Locati on. Coordi nates[ 1]);
Pat h = | fcDumyGi || IfcCurve() ||
| f cBoundedCurve() ||

I fcTri medCurve(Circle, [0.0], [Angle],
TRUE, Paraneter);
RETURN ( Pat h);

END_FUNCTI ON;

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Description

FUNCTI ON | f cScal ar Ti mesVect or

FUNCTI ON | f cScal ar Ti mesVect or

Function changed to resolve

(Scal ar : REAL; (Scal ar : REAL; geometry related problems
Vec : IfcVectorOrDirection) | fcVector; Vec : IfcVectorOrDirection) | fcVector;
By: KSn
LOCAL LOCAL Date:  18-Apr-2001
Mag : REAL_ |= 0.0; V : IfcDirection; Source: [IFC R1.5.1 Corr]
\% IfcDirection Mag . REAL;
= | fcGeonetricRepresentationlten() || Resul t | fcVector;
IfcDirection([1.0,0.0,0.0]); END_LOCAL,;
Resul t | f cVect or
= | fcGeonetri cRepresentationlten() || I F NOT EXI STS (Scal ar) OR NOT EXI STS (Vec) THEN
| fcVect or ( RETURN (?) ;
| fcGeonetricRepresentationltem() || ELSE
IfcDirection([1.0,0.0,0.0]), 1.0); IF "1 FC20_LONGFORM | FCVECTOR | N TYPEOF (Vec) THEN
END_LOCAL; V := Vec.Orientation;
Mag : = Scal ar * Vec. Magni t ude;
I F NOT EXI STS (Scal ar) OR NOT EXI STS (Vec) THEN ELSE
Result := 7?; V = Vec;
ELSE Mag : = Scal ar;
I F ' 1 FC20_LONGFORM | FCVECTOR | N TYPECF (Vec) THEN END_| F;
V := Vec.Oientation; IF (Mag < 0.0 ) THEN
Mag : = Scal ar * Vec. Magni t ude; REPEAT i := 1 TO SI ZEOF(V. Di rectionRati 0s);
ELSE V.DirectionRatios[i] := -V.DirectionRatios[i];
\Y = Vec; END_REPEAT;
Mag : = Scal ar; Mag : = - Mag;
END_I F; END_| F;
IF (Mag < 0.0 ) THEN Result := | fcDumyGi ||
REPEAT i := 1 TO SIZEO-(V.DirectionRatios); I fcVector (I fcNormalise(V), Mug);
V.DirectionRatios[i] := -V.DirectionRatios[i]; END_ | F;
END_REPEAT; RETURN (Resul t);
Mag : = - Mag;
END_I F; END_FUNCTI ON,;
Result.Orientation := [fcNormalise(V);
Resul t . Magni t ude = Mag;
END_I F;
RETURN (Result);
END_FUNCTI ON,;
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Description

FUNCTI ON | f cTrapezi unProfil el nt oCurve

FUNCTI ON | f cTr apezi unProf i | el nt oCurve

Function changed to resolve

(ProfileDef : IfcTrapeziunProfileDef) : IfcPolyline; (ProfileDef : IfcTrapeziunProfileDef) : IfcPolyline; geometry related problems
LOCAL
Points : LIST [4:4] OF IfcCartesianPoint := LOCAL By: KSn
[1fcGeonetricRepresentationlten() || Poi nt s LI ST [4:4] OF IfcCartesianPoint Date:  18-Apr-2001
_Ichoint(_) | _IchartesianPoint([0.0, 0.0]):4]; = [IchurmyG_i ||_Ichoint() | Source: [IFCRl.S.lCOH]
TenpDir IfcDrection : = I fcCartesianPoint([0.0,0.0]):4];
| fcGeonetricRepresentationltem() || TenpDi r IfcDirection
IfcDrection([1.0,0.0]); = I fcDumyGi || IfcDrection([1.0,0.0]);
TenpPoi nt | fcCartesianPoint := TenpPoi nt | f cCart esi anPoi nt
| fcCeonetricRepresentationlten() || IfcPoint() = | fcDumyGi || IfcPoint() ||
|| IfcCartesianPoint([0.0,0.0]); | fcCartesianPoint([0.0,0.0]);
ResCurve | fcPol yline; ResCur ve I fcPol yline;
END_LOCAL; END_LOCAL;
Points[1] := Points[1] :=
ProfileDef\IfcAttDrivenProfil eDef.Position.Location; Profil eDef\IfcAttDrivenProfileDef.Position.Location;
TempDir = TenpDi r 1=
ProfileDef\IfcAttDrivenProfileDef.Position.P[1]; ProfileDef\IfcAttDrivenProfileDef.Position.P[1];
Points[2] := Poi nts[2] := IfcPointTransl ati on(Poi nts[1],
| f cPoi nt Transl ati on( I fcDumyGi ||
Poi nts[ 1], IfcGeonetricRepresentationltem() || I fcVect or (
I fcVector (TenpDir, ProfileDef.BottonXDin)); TenpDir, ProfileDef.BottomXDin));
TenpDir ;= | fcOrthogonal Conpl ement (TenmpDir) ; TenpDi r = | fcOrt hogonal Conpl ement (TenpDir);
TenpPoi nt : = TenpPoi nt : = |fcPoint Transl ati on( Poi nts[ 2],
| f cPoi nt Transl ati on( I fcDumyGi ||
Points[2], |fcGeonetricRepresentationliten() || I fcVector(TenpDir, ProfileDef.YDin));
I fcVector (TenpDir, ProfileDef.YDin)); TenpDi r = | fcOrt hogonal Conpl ement (TenpDir);
TenpDi r := | fcOrt hogonal Conpl ement (TenmpDir); Poi nts[3] := IfcPointTransl ati on( TenpPoi nt,
Points[3] := I fcDumyGi ||
| f cPoi nt Transl ati on( | fcVector(TenpDir,
TenpPoi nt, |fcCeonetricRepresentationlten() || (Profil eDef.BottonXDi m -
| fcVector (TenpDir, (Profil eDef.BottonmXD m - Profil eDef. TopXD m -
Profil eDef. TopXDi m - ProfileDef. TopXOifset))); Profil eDef. TopXOifset)));
Points[4] := Poi nts[4] := IfcPointTranslation (Points[3],
| f cPoi nt Transl ati on( I fcDumyGi ||
Points[3], I|fcGeonetricRepresentationltem() || I fcVector (TenpDir,
| fcVector (TenpDir, ProfileDef.TopXDim); Profil eDef. TopXDim);
ResCurve := ResCur ve = [ fcDumyGi || IfcCurve() ||
| fcCeonetricRepresentationlten() || IfcCurve() || | f cBoundedCurve() ||
| f cBoundedCurve() || IfcPolyline( I fcPolyline([Points[1], Points[2],
[ Points[1], Points[2], Points[3], Points[4], Poi nts[3], Points[4], Points[1]]);
Points[1]]); RETURN (ResCurve);
RETURN (ResCurve);
END_FUNCTI ON,
END_FUNCTI ON,;
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FUNCTI ON | fcVectorDifference

(Argl, Arg2 : IfcVectorODirection) | fcVector;
LOCAL

Mag, Magl, Mag2 : REAL = 0.0;

Ndi m : INTEGER = 0;

Res, Vecl, Vec2 : |fcD rect| on :=

| fcGeonetricRepresentationltem() ||
IfcDirection([1.0,0.0,0.0]);
Resul t : IfcVector :=
| fcCeonetricRepresentationlten() ||
I fcVector (I fcGeonetricRepresentationlten() ||
IfcDrection([1.0,0.0,0.0]), 1.0);
END_LOCAL;

IF ((NOT EXISTS (Argl)) OR (NOT EXISTS (Arg2))) OR
(Argl.Dim <> Arg2.Dim) THEN
Result := 7?;

ELSE
BEG N

F ' 1 FC20_LONGFORM | FCVECTOR | N TYPEOF( Argl) THEN

Magl : = Argl. Magni t ude;
Vecl := Argl.Orientation;
ELSE
Magl := 1.0;
Vecl := Argl;
END_| F;

| F ' 1 FC20_LONGFORM | FCVECTOR | N TYPEOF( Arg2) THEN

Mag2 : = Arg2. Magni t ude;

Vec2 := Arg2.Orientation;
ELSE

Mag2 := 1.0;

Vec2 := Arg2;
END_I F;
Vecl : = IfcNornalise(Vecl);
Vec2 : = | fcNornalise(Vec2);
Ndi m : = Sl ZEOF(Vecl. DirectionRati 0s);
Mag = 0.0;
REPEAT i 1= 1 TO Ndim

Res.DirectionRatios[i] :=
Magl * Vecl.DirectionRatios[i] -
Mag2 * Vec2.DirectionRatios[i];
Mag := Mag + (Res.DirectionRatios[i] *
Res.DirectionRatios[i]);
END_REPEAT;

FUNCTI ON | fcVectorDi fference

(Argl, Arg2 : IfcVectorODirection) | fcVector;
LOCAL

Resul t . IfcVector;

Res, Vecl, Vec2 : IfcDirection;

Mag, Magl, Mag2 : REAL;

Ndi m . | NTEGER,
END_LOCAL;

IF ((NOT EXISTS (Argl)) OR (NOT EXISTS (Arg2)))
(Argl.Dim <> Arg2.Dinm) THEN
RETURN (?);

ELSE
BEG N

I'F ' | FC20_LONGFORM | FCVECTOR

Magl : = Argl. Magni t ude;
Vecl := Argl. Orientation;
ELSE
Magl := 1.0;
Vecl := Argl;
END_| F;
I'F "1 FC20_LONGFORM | FCVECTOR | N TYPEOF( Arg2) THEN
Mag2 : = Arg2. Magni t ude;
Vec2 := Arg2. Orientati on;
ELSE
Mag2 := 1.0;
Vec2 := Argz;
END_| F;
Vecl := IfcNornalise (Vecl);
Vec2 := IfcNormalise (Vec2);
Ndi m : = SI ZEOF( Vecl. Directi onRati os);
Mag := 0.0;
I F(NDim = 2) THEN
Res := IfcDumyGi || IfcDirection([1.,1.]1);
ELSE
I F(NDim = 3) THEN
Res := IfcDumyGi || IfcDirection([1.,1.,1.]);
ELSE
RETURN (?);
END_| F;
END_| F;

R

IN TYPEOF( Argl) THEN

Function changed to resolve

geometry related problems
By: KSn
Date:  18-Apr-2001

Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

IF (Mag > 0.0) THEN

REPEAT i := 1 TO Ndim

Resul t . Magni t ude = SQRT(Mag) ; Res.DirectionRatios[i] :=
Result.Orientation := Res; Magl * Vecl.DirectionRatios[i] +
ELSE Mag2 * Vec2.DirectionRatios[i];
Resul t . Magni t ude = 0.0; Mag := Mag + (Res.DirectionRatios[i] *
Result.Orientation := Vecl, Res. DirectionRatios[i]);
END | F; END_REPEAT,
END; IF (Mag > 0.0) THEN
END_I F; Result := IfcDumyGi ||
RETURN (Result); | fcVect or (Res, SQRT(Mag));
ELSE
END_FUNCTI ON, Result := IfcDumyGi || |fcVector(Vecl, 0.0);
END | F;
END;
END | F;
RETURN (Result);
END_FUNCTI ON;
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Appendix 4. Refined DERIVEd attributes.

KSn = Kalle Serén, Eurostepsys Oy

Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTITY | fcArbitraryProfil eDef
SUBTYPE OF (IfcAttDrivenProfileDef);
CurveFor Surface : |fcBoundedCurve;
DERI VE
SELF\ | fcAttDrivenProfil eDef.Position :
| f cAxi s2Pl acenent 2D
= |IfcCeometricRepresentationlten() ||
| fcPl acenent (
| fcCeonetricRepresentationlten() ||
I fcPoint() ||
| fcCartesianPoint([0.,0.])) ||
| f cAXi s2Pl acenent 2D
| fcGeonetricRepresentationltem() ||
IfcDirection([1.,0.1));
VWHERE
WR21: CurveForSurface.Dim= 2,
END_ENTI TY;

ENTI TY | fcArbitraryProfil eDef
SUBTYPE OF (IfcAttDrivenProfileDef);
CurveFor Surface : |fcBoundedCurve;
DERI VE
SELF\ | fcAttDrivenProfil eDef.Position :
| f cAxi s2Pl acenent 2D
= I fcDumyGi || |fcPlacenent(
I fcDumyGi || IfcPoint() ||
IfcCartesianPoint ([0.,0.1)) ||
| f cAXi s2Pl acenent 2

| fcDumyGi || IfcDirection([1.,0.]1));
WHERE
WR21: CurveFor Surface.Dim= 2;
END_ENTI TY;

SELR\

I fcAttDrivenProfil eDef.

Posi ti on changedto
resolve geometry related
problems

By: KSn
Date:  20-Apr-2001
Source: [IFC R1.5.1 Corr]

ENTITY | fcAttDrivenExt rudedSegnent
SUPERTYPE OF ( ONEOF(
| fcAtt Dri venMor phedExt r udedSegnent
, I fcAttDrivenTaper edExt rudedSegnent ) )
SUBTYPE OF (| fcExtrudedAreaSolid);

Posi tion I f cAxi s2Pl acenent 3D;
Profi | eDef | fcAttDrivenProfil eDef;
DERI VE

SELF\ | f cSwept AreaSol i d. Swept Area :
| f cCur veBoundedPl ane
= IfcProfilelntoArea(ProfileDef);
SELF\ | f cExt rudedAreaSol i d. ExtrudedDi rection :
IfcDirection : =
| fcGeonetricRepresentationltem() ||
IfcDrection([0.0,0.0,1.0]);

I NVERSE
PartOf Solid : |fcAttDrivenExtrudedSolid
FOR Segnents;
VWHERE
WR51: ProfileDef.Profil eType = Area,;
END_ENTI TY;

ENTITY | fcAttDrivenExt rudedSegment
SUPERTYPE OF ( ONEOF(
| fcAtt Dri venMor phedExt r udedSegrent
, 1 fcAtt Dri venTaper edExt rudedSegnent))
SUBTYPE OF (|fcExtrudedAreaSolid);

Posi tion | f cAxi s2Pl acenent 3D;
Prof i | eDef I fcAttDrivenProfil eDef;
DERI VE

SELF\ | f cSwept AreaSol i d. Swept Area :
| f cCur veBoundedPl ane
= I fcProfilelntoArea(ProfileDef);
SELF\ | f cExt rudedAr eaSol i d. Ext rudedDi rection :
IfcDirection
= 1 fecDumyGi ||
IfcDrection([0.0,0.0,1.0]);

| NVERSE
Part Of Solid : |fcAttDrivenExtrudedSolid
FOR Segnents;
VWHERE
WR51: ProfileDef.ProfileType = Area;
END_ENTI TY;

SELF\ | f cSwept AreaSol i d.

Swept Area changed to
resolve geometry related
problems

By: KSn
Date:  23-Apr-2001
Source: [IFC R1.5.1 Corr]
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Original IFC R2.0 specification

Refined version for IFC R2.0 certification

Description

ENTI TY | f cAxi s1Pl acenent
SUBTYPE OF (IfcPlacenent);
Axis : OPTIONAL IfcDirection;
DERI VE
Z : IfcDirection
= NVL (IfcNornmalise(Axis)
, I fcCeonetricRepresentationlten() ||
IfcDrection([0.0,0.0,1.0]));
WHERE
WR31: (NOT (EXISTS (Axis))) OR (Axis.Dim= 3);
WR32: SELFR\IfcPl acenent. Location.Dim= 3;
END_ENTI TY;

ENTI TY | f cAXi s1Pl acenent
SUBTYPE OF (| fcPl acenent);
Axis : OPTIONAL IfcDirection;
DERI VE
Z : IfcDirection
= NVL (IfcNornmalise(Axis)
, 1 feDumyGi ||
IfcDrection([0.0,0.0,1.0]));
WHERE
WR31: (NOT (EXISTS (Axis))) OR (Axis.Dim= 3);
WR32: SELF\IfcPl acenent. Location.Dim= 3;
END_ENTI TY;

Z changed to resolve
geometry related problems

By: KSn
Date:  23-Apr-2001
Source: [IFC R1.5.1 Corr]

ENTI TY | f cRevol vedAreaSol i d
SUPERTYPE OF ( ONEOF(
| fcAttDri venRevol vedSegnent))
SUBTYPE OF (I fcSwept AreaSolid);

Axis : |fcAxislPl acenent;
Angl e : |fcPl aneAngl eMeasure;
DERI VE

Axi sLine : |fcLine
:= IfcCeonetricRepresentationlten() ||

I fcCurve() ||

I fcLi ne(
Axi s. Locati on,
| fcCeonetricRepresentationlten() ||
I fcVector (Axis.Z,1.0));

END_ENTI TY;

ENTI TY | f cRevol vedAr eaSol i d
SUPERTYPE OF ( ONEOR(
| fcAttDri venRevol vedSegrent))
SUBTYPE OF (| fcSwept AreaSolid);

Axis : |fcAxislPlacenent;
Angl e : |fcPl aneAngl eMeasur e;
DERI VE
Axi sLine : I|fcLine
= I fcDumyGi ||
IfcCurve() ||
I fcLi ne(
Axi s. Locat i on,
I fcDumyGi ||

I fcVector (Axis.Z 1.0));
END_ENTI TY;

Axi sLi ne changed to
resolve geometry related
problems

By: KSn
Date:  23-Apr-2001
Source: [IFC R1.5.1 Corr]
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Appendix 5. Example test instantiations as ISO 10303-21 exchange files.

A sample file conforming to the constraints:

| SO 10303- 21;
HEADER,
FI LE_DESCRI PTI O\(
/* Description */ "IFC R2.0 Certification: IfcPerson / WRL /| K,
[* Implenentation level */ '2;1");
FI LE_NAME(
/* Name */ " Test |fcPerson WRL K. stp’,
/* Tinme stanp */ ' 2001-04-15T12: 00",
/* Aut hor */ (" KKa'),
/* Organization */ (1Al Forum Finland),

[ * Preprocessor Version */ ' None',
/[* Originating system */ ' HandMade’,

/* Aut horization */  "KKa');
FI LE_SCHEMA( (' | FC20_LONGFORM ) ) ;
ENDSEC,
DATA;
#1=| FCPERSON(’ Test Fani | yNane', $, $, $, $, $, 9);
ENDSEC,

END- | SO 10303- 21,
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A sample file not conforming to the constraints:

| SO 10303- 21;

HEADER,

FI LE_DESCRI PTI O\(
/* Description

[* Inmplenentation |evel

FI LE_NAME(
/* Name
[* Time stanp
/* Aut hor
/* Organization
/* Preprocessor

Ver si on

/* Originating system
/* Authorization
FI LE_SCHEMA( (' | FC20_LONGFORM ) ) ;

ENDSEC,

DATA,

*/
*/
*/
*/
*/
*/
*/

IFC R2.0 Certification: IfcPerson / WRL / NOT OK ,
12'11)'

"Test | fcPerson_WRL Not OK. stp’,
' 2001- 04- 15T12: 00",
(" KKa'),
(" IAl Forum Finland ),
" None’
' HandMade’ ,
"KKa');

#1=1 FCPERSON($, $, $, $, $, $, 9);

ENDSEC,
END- | SO 10303- 21,
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