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Abstract: The IFC initiative from the International Alliance of Interoperability has been developing since the
mid-nineties through several versions. This paper addresses the problem of binding the growing number of
IFC versions and their EXPRESS definitions to programming environments (Java and .NET). The solution
developed in this paper automates the process of generating early binding classes, whenever a new version
of the IFC model is released. Furthermore, a runtime instantiation of the generated early binding classes
takes place by importing IFC-STEP ISO 10303-P21 models. The user can navigate the IFC STEP model
with relevance to the defining EXPRESS-Schema, modify, delete and create new instances. These func-
tionalities are considered to be a basis for any IFC based implementation. It enables researchers to experi-

ment the IFC model independently from any software application.
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where EXPRESS data constructs can be mapped one
to one to it. This is particularly the case, when-

A tremendous amount of efforts has been exerted bgidering the inverse attributes, local and globés

the IAI (International Alliance of Interoperabiljtyl] as well as derived attributes. These are always con
in the past decade to bridge the gap between sofsidered to be a short coming of the majority of re-
ware islands of automation. The output of these efsearch efforts that have been carried out in thld f
forts is the IFC model [2] with its various version [4]. Even if programming languages can go around
A major problem facing IFC Software developmentsthis by creating extra new user defined classess tha
in research and educational environments is the EXmimic the behaviour of EXPRESS data types, the
PRESS ISO 10303-P11 [3] definition of the IFC exchangeable STEP ISO 10303-P21 physical file
Model. EXPRESS is a modelling language but not a(Standard of Exchange of Product Ddt)does not
programming language. Hence, it is inevitable toinclude some of the attributes, like the Inversd an
bind a programming language to EXPRESS scheDerived Attributes.

mata that define the IFC model. Furthermore, it is In the meantime, IFC EXPRESS definitions
well known that there is no programming languagehave been changing through several development
stages since version 1.0 in the nineties of the las
3 Supported by the InPro- Project, www.inpro-projeat. century. Each time a new IFC version is introduced,
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This paper presents a methodology that can help res

searchers start using the IFC model in their own2'l' EXPRESS

work and automates the regeneration of early bindEXPRESS (ISO 10303-P11) is an object oriented fla-

ing programming libraries for any IFC model ver- voured modelling language aimed at providing formal

sion. The main deliverables are solutions that kenab definition constructs for the ISO (Internationakbust
Binding IFC EXPRESS definitions to pro- dard Organization) product data representationeaad

vironments for any available IFC model graphical annotation format known as EXPRESS-G. A
detailed explanation of the language can be fouifid] a

version). N _ . _
Importing STEP ISO 10303-P21 and instan- fand a brief introduction to its use in IFC can berd

tiating a runtime object oriented model. in [8].

Navigati he IFC Model th h the IFC Since the IFC model schema is defined in EX-
avigating the odel through the IFC - ppe g 150 10303-P11 and since EXPRESS s not a
model instances (IFC STEP) and the defin-

) programming language, there is an inevitable need f
‘N9 EXPRESS meta-'model. ~binding the IFC EXPRESS definitions to a program-
Carrying out operations on the IFC object ming Janguage. The EXPRESS definition of the IFC

model: model contains hundreds of interrelated entitied an

o Population inheritance relationships that have to be mappetdo

0 Modification associated programming language.

0 Deletion There are mainly two types of bindings availdble
Exporting the runtime IFC object oriented the EXPRESS-Schema binding process. First is the
model into STEP-P21 format. late binding, where a data dictionary is used tiole

o Exporting models and sub-models. access to attributes stored within a generic date-s

Importing IFC models and generating run- ture. The main advantage of this approach is Its si

time corresponding objects with reference to plicity through the use of a single interface tisatm-

the early binding Java/.NET libraries. plemented on all objects. The main disadvantatfeis
The main focus of this paper is on the automatict &M not perform any type checking of attributes
generation of early binding libraries for any avalil against the EXPRESS-Schema definitions [9]. The

able IFC model version’s EXPRESS definition. second approach is the Early Binding approach, evher

. . the entire IFC EXPRESS schema is mapped to the un-
However, the process of generating mappings be-

] : derlying programming language data structure. This
tween IFC versions to_ map a populat!on of an II:Capproach is more complex to implement, but has the
model from one version to another is out of the 5qyantage of being able to perform type conformance
scope of this paper. For this purpose, the rea@ler ¢ checking, which is a great advantage for ensufieg t
refer to the work done by R. W. Amor et al [6]. validity of the IFC model.

In the meantime, the quality of mapping the data
2 The Open IEC Platform structures.from the IFC EXPRESS deﬁniti(?n to the
programming languages vary a lot according to the
The developed platform depends on generating bindability to model EXPRESS data entities, types and
ings of the IFC EXPRESS schemata to programmingrules.
languages. The platform enables the generatiomwf n A third approach is a mixture between the ean a
early binding libraries for any available IFC EXPRE late binding approaches. It depends on manualgtcre
schema. The coming sections describe in detail both"d @ mapping of a subset of the EXPRESS defirstion
the process of bindings generation and proces$ify | known as thevorking setwhich contains a set of IFC

model data through the exchanged IFC STEP models. elements that has proved to be frequently usetian t
exchange process. The rest of the entities aréy late

bound at runtime (i.e. late binding). This approhel



the type checking advantages against the EXPRESS

schema from the early binding and the simplicityhef
late binding with regards to entities that are pbt
great value to the underlying application or the ex
change process.

In the scope of the research presented in thuerpa
pure early binding approach was adopted. The Jav
Compiler Compiler [10] and reflection [11] technelo
gies are used to generate early binding Java off .NE
classes of any IFC EXPRESS schema. This has led

Overview Package [HEERY Use Tree Deprecated

M PREV CLASS MEXTCLASS
SUMMARY: NESTED | FIELD | CONSTR | METHOD
Packages
IFC2X3
IFC2X3.impl
IFC2X3
Class IfcBezierCurve

java.lang.Cbject
L IFC2X3.IfcRepresentationltem

L rrcozs. IfcGeometricRepresentationitem

the following advantages in dealing with the IFC
model:

A

it ApprovalRelationship
licArbitraryClosedProfileDef
licArbitraryOpenProfileDef
licArbitraryProfileDefWithVoids
licAreahleasure
IicArithmeticOperatorEnum

it AssemblyPlaceEnum
IitAsset

C feBoundedCurve
L 1FC2X3. [fcBSplineCurve

L 1rcox3. IfcBeziercurve

Direct Known Subclasses:
icBezierCurve, licRationalBezierCurve

Fig. 2 Java library documentation showing the inheir
tance hierarchy of the IfcBezierCurve Java Class

that responds to the appearance of any new
version of the IFC model.

ute names, valid value types and inheritanceAs an example, the automatic generation of a bindin

1- Type checking conformance with the EX-
PRESS schema.

2- Mapping the EXPRESS languagplicit as
well as thelnverseattributes that are not in-
cluded in the IFC STEP exchange format.

3- Identifying Optional attributes.

4- Provision of all meta-data of the IFC model
EXPRESS types and entities regarding attrib-
trees.

5- The automatic generation of a new binding

EXPRESS specification:

ENTITY IfcBezierCurve
SUPERTYPE OF (IfcRationalBezierCurve)
SUBTYPE OF (IfcBSplineCurve);

END ENTITY;

Inheritance graph

ENTITY IfcBezierCurve;
IfcRepreszentationlten;

Layerissignments
StyledByItem
ENTITY IfcGeometricRepresentationltems

: SET OF IfcPresentationlayerAssigoment FOR AssignedItems
: SET [0:1] OF IfcStyledItem FOR Item;

ENTITY IfcCurve;
DERIVE
Dim : IfcDimensionCount :
ENTITY IfcBoundedCurve;
ENTITY IfcBSplineCurve;

IfcCurveDim(SELF);

Degree : INTEGER;
ControlPointslist : LIST [2:?] OF IfcCartesianPoint;
CurveForm : IfcBSplineCurveForm;

: LOGICAL;
: LOGICAL;

ClosedCurve

SelfIntersect
DERIVE

ControlPointa

: ARRAY [0:255] OF IfcCartesianPoint := IfcListToArray

(ControlPointslist, 0, UpperIndexOnControlPoints);
UpperIndexCnControlPoints : INTEGER :=
ENTITY IfcBezierCurve:

END_ENTITY;

(SIZEOF (ControlPointslist) - 1);

Fig. 1 The definition of an IfcBezierCurve entity n EX-
PRESS ISO 10303-P11 showing inheritance, INVERSE
and DERIVE attributes

library to the IFC2X3 EXPRESS definition has led to
the generation of 980 Java classes representing 117
Defined Types, 164 Enumerations and 653 Entities of
the IFC2X3 EXPRESS schema definition. The process
of generating the binding classes in both Java
and .NET libraries did not take more than 40 sesond
Fig. 2 is an example of the documentation of a gene
ated early binding Java Class that correspondbeo t
EXPRESS definition of the IFC entity (IfcBezierCajv
shown in figure 1. It can be noticed that bothhen
has the same inheritance tree descending from fcRe
resentationltem.

A mapping is done between the EXPRESS data
types and Java or .NET data types. For example, ag-
gregates like EXPRESS LIST, SET, and BAG are
mapped to Java HashSet, HashList with some extra
functionality that deals with objects identity fete-
ments that descend from IfcRoot in terms of their
GUIDs (Global Unique Identifiers). In the mean time
other simple types like REAL and INTEGER are
mapped to Double and Integer respectively. In ganer
there were no problems faced in mapping the simple
data types from EXPRESS to Java or .NET. The main
problems were faced in mapping some EXPRESS
types and enumerations, which were solved using in-
terfaces and specially written classes that miri t
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EXPRESS definition. developed by the author [12] as shown in fig.3 gart
The IFC STEP entities are parsed and interpreted at
2.2 STEP-ISO 10303-P21 runtime to their Java or .NET counterpart objecith w
The main aim of the STEP standard (The Standard fothe help of the early binding classes as showngi f
the Exchange of Product Model Data) is to definepartA.
standards for the definition and exchange of cosput ~ Fig. 3 shows the entire view of the developed sys
interoperable product information all over thedijele ~ tem. The early binding .NET and Java libraries are
of a product [3] from early design to demolition. generated to any IFC model version once (as shown i
STEP-P21 (SPF: STEP Physical File) is consideredpart A of fig.3) and kept as a Java archive (jar) o
to be a neutral file format for data exchange betwe @ .NET dynamic link library (dll) for further use in-
software applications. Thus, applications exchapgin porting IFC STEP models. In part B of fig.3, any
information by using STEP-P21 have to establisir the IFC/STEP model can be imported provided that its
own pre and post processors to convert informationversion corresponds to the generated early bindings
from their own data structures to STEP and viceacer ~ generated in part A of fig.3. This is done through
It is worth also mentioning that the latter oftesults ~ STEP-P21 parser and interpreter that is responfable
in information loss due to the inability of somepip ~ reading the IFC/STEP input and creating the necgssa
cations to re-export data that is irrelevant tdrtbeen ~ runtime objects (instances) of the early bindirgali-
data structures. ies.
STEP is the exchange format for data instancats th
represent entities defined in the EXPRESS meta-mode
It can be resembled to a class and its instanaéiaet
ship.

XPRESS Syntax
A 3 oo
IFC Version x

EXPRESS Parser EXPRESS Schema

Interpreter & Code Mapping EXPRESS
Generator data types.

________________________

C# .NET Library <;1II :lava Library jar

A

Implementation through SDA
"""" "~ " Instanfiation" " """ " "

B I STEP Pm—IFC STEP-P21

Interpreter
BTEP Syntax &

Fig. 3 The overall view of the developed platformPart
"A" for producing early bindings to any IFC Model Fig. 4 shows a graphical user interface where e u
Version EXPRESS Schema (done once). Part "B” for can navigate the IFC model instances and see the at
creating runtime objects at time of reading IFC STEP . , .
: ) : tributes’ names, values, whether they are optiamal
models (done each time for importing IFC models) . .
not and the inverse attributes, as shown at theipot
of the figure. If the attribute’s values are noinptive
2.2.1. Importing STEP Models types, they appear as buttons that could be clitged
In order to be able to deal with the IFC model in- further access the referenced objects and so forth.
stances, a STEP-ISO 10303-P21 parser and interpretélence, it enables the user to explore the enti@ IF
using the Java Compiler Compiler technology weremodel and the interrelationships between entities.

Fig. 4 Navigating the imported IFC/STEP model in-
stances
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is quite fast and satisfies the various needs rocgss-
2.2.2. SDAI ing the imported data including modification, dilat
In order to be able to deal with the imported IFGdel, and creation of new IFC instances. In additionhe t
there is a need to get access to the attributdeeafre-  navigation and visualization of the IFC models data
ated runtime objects. The SDAI (Standard Data Agcestype checking is done successfully. Any attribuatie
Interface) is a STEP API for EXPRESS defined data.that does not conform to the original EXPRESS
The SDAI protocols contain a description of therape  schema definition results in triggering exceptiddew
tions and functionalities that should be satistigdthe  IFC instances could be created, exported by the pla
bindings. The SDAI is described by several ISO stan form. They could also be imported and viewed suc-
dards’ documents. STEP Part 22 [13] contains a-funccessfully in other IFC compatible software applimas.
tional description of t he SDAI operations, whilerts  The full validation of the exported models by bthie
23 [14] and 24 [15] describe how these operatioes a EDM database and EXPPRESSO has shown no errors.
made available in programming languages. In generalFinally, IFC models with sizes ranging from 5KB40
the only purpose of this interface is the defimitiof MB could be processed easily without remarkable de-
rules that the generated .NET/Java classes must inficiency in performance.

plement to get access to their inner attributes [16 . .
4 Conclusions and Recommendation

3 Testing and Validation for further research

The testing and validation for the entire platfoas  |n order to be able to deal with the different IF@del
done on the basis of the following criteria: versions, there is a need to establish a bindirly thie

1- Generating early binding libraries for severaCl = EXPRESS-P11 definition of each IFC model version.
model Versions. This is particularly the case when using early liigd

2- Importing various IFC STEP Model Versions (popu- to programming languages like Java and .NET. The

lations) and performing type checking for all &mtiies ~ Java Compiler Compiler technology can be used for
according to the pre-defined early binding attrésyt ~ creating both 1ISO 10303 STEP-P21 and EXPRESS-

types. P11 parsers for reading IFC STEP files and defining
3- Creating new Instances and integrating then¢o t €a'1y Pindings to programming languages respegivel

imported models and re-exporting the IFC models. It _In the meantime, the established platform togethe
. : .. with the use of the ISO 10303 SDAI parts 22 and 23
should be mentioned that the imported IFC vers®on i . . .

facilitate the processing of any IFC model versibine

unchanged when exporting IFC STEP model to Othercreated platform acts as abase for processing I6€ m
applications.

) o els belonging to various IFC model versions. lti@es
4- Importing the exported models after modificasion the navigation through the IFC/STEP model instances
and instantiation of new data by other IFC software

with reference to their meta-model definition (EX-
applications, e.g. several CAD applications lik&#f  prgSS). It also enables the creation of new insnc
CAD [17] and ADT [18] in addition to other applica- deletion and modification of instances in additimn
tions like Solibri Model Checker [19] and variol & exporting the modified models to any other IFC com-
viewers like TNO [20] and the various IFC toolstieé  patible application. Furthermore, 2D and 3D CAD
Forshungszentrum at Karlsruhe [21]. visualizations, in addition to the IFC hierarchitede

5- Full validation by EDM (Express Data Manager) structure are supported.

[22] and EXPRESSO [23] for checking against the de- There are several areas for future developmket i
fining EXPRESS schema versions. the development of model server functionalitieshsuc

6- Testing the capabilities to handle IFC modelthwi S partial model exchange, IFC object versioninga-c
different sizes. tion of domain models and business objects, queries

The results showed that the generation of the bidi based on space and semantic parameters and finally



collaborative teamwork and change management
pects.
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