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Abstract: This paper is concerned with the interoperability problem between AEC software applications and
actors representing multidisciplinary collaborative domains. The idea of creating a central model that is used
as a base for interoperability between multidisciplinary software applications has been recently developing
under the BIM (Building Information Model) concept. The IFC (Industry Foundation Classes) initiative from
the 1Al (International Alliance of Interoperability) is considered to be one of the most substantial efforts di-
rected towards solving the interoperability problem. In this connection, the IFC partial model exchange is re-
garded as one of the biggest challenges facing the implementation of the BIM approach in practice. This pa-
per addresses the problem of exchanging data subsets of the IFC model. It introduces a new concept where
the involvement of the end user and collaborative teamwork environments’ requirements play an important
role in defining the partial exchange scenarios. A graphical user interface is developed to enable end users
to define their own exchanged data subsets and export them in valid IFC STEP ISO 10303-P21 files.
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1 Introduction Since the mid nineties, the IAl (International Afice
for Interoperability) [4] has introduced the IFC dab
[5] as a multidisciplinary building information med
that facilitates interoperability. Since then, thdrave
been many trials to achieve partial model exchange
through the use of model servers [6].

Exchanging partial model data or IFC data subsets
has proved to be a difficult process due to the tfaat
most software applications have to map the IFC data

The interoperability problem between AEC software
applications has received a lot of attention in It
decades. A lot of efforts have been directed towénd
BIM (Building Information Model) solution concept,
where a central model is used for exchanging inderm
tion by electronic means between software apptoati
Practical experiences from real projects like the

I—ieadzusg;rf IfzorLtrg)eBD?;lsh Bzror;?dcast;]ng Co;pcm;tlo sets to their own data structures. Irrelevant IBfads
[1] an -Lab Building [2] have shown that the not capable of being exported from those applioatio

szﬁiests of ';he BIMtF:olncezt IIS vehry dep:ndent on It?:onsequently, it is quite difficult to guarantedoas-
ability to perform partial model exchange [3]. less data exchange between the model server aad oth
applications.
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2 Data Transfer defining partial exchange scenarios. Thus, a peoces
_ _ model is needed to be mapped in order to be able to
2.1 Technical side draw out communication patterns that take placthen

By looking at the technical part of the partial rabd BIM during the entire lifecycle of the project.

exchange problem, it seems that there are two mailal3 Communication and Collaboration in AEC
logical solutions: workflow

Modification of Software internal data struc-

tures to enable irrelevant IFC data sets to beln general, the construction industry is charazésti

exported. by long transaction co-operative workflow that aio
Adaption of a Model View Definition for each work to be done in parallel by different actors. [Bhis
software application. results in a model that has different states thatda

In the first solution approach, the software vesdor rectly proportional in number with the actors waoiki
should modify their applications to make them cdpab on the model at a single point in time.
of handling irrelevant data sets and exporting them Construction projects are characterized by haging
again back to the model server. long lifecycle. The responsibilities of the projeate

In the second solution, a model view definitiahh [  shifted from one team to the other during the dgwel
has to be defined for every application and located ment of the project. The data transfer in this wibvlv
an output filter from the model server and an infjut  has to be managed through gateways [10], the projec

ter from the software application. coordinator or project manager has a responsiliiity
In reality, the second solution seems to be meae define relevant data for each partner in the ptojec
istic and controllable than changing the internalad The transferred data is not only geometrical .dita
structuring of already pre-existing software applic is geometric as well as alphanumeric attributesrand
tions that use pre-existing IFC tool boxes or add#l lations between the construction elements. Thusethe
IFC APIs for data exchange. In addition, it enaltles  is a need to manage the partial exchange of data-at
exchange of needed (relevant) data subsets only. other layer than the software filters which onlkes

The main advantage for using software specificcare of the pure technical validity of the exchahge
Model View Definition which filters the data exclgm  IFC model as shown later in this paper in figure 7.
between the model server and a software applicason . .
is that it enables the comparison between the iput 3 Creating Partial Models
and output from the same application. This comparis
enables the identification of the model's chandas.

other words, the modified, deleted or newly instant The EXPRESS-X [11] mapping schemata are used
ated objects can be identified. Furthermore, chat@e generally for mapping data defined by an EXPRESS
objects can be pointed out on their attributeslléMee  schema through STEP-P21 files as shown in figure 1.

latter has a great potential for improving “Change ysually there is a source model and a target
Management” practices especially with the applizati

of Object Versioning [8]. Mapping Schema
(Filter)

| Main IFC Model I y » Partial IFC Model|

By looking at the problem from another view point

3.1 Mapping Schemata

2.2 Workflow side

other than the pure technical side, the IAl hasmég J

discovered that there is an inevitable role for esers

in defining their own partial exchange scenariok [7

The construction projects lifecycle and workflow in \“J

different types of procurement systems and coll@abor  Source Parent Model \4/ Target Partial Model

tive teamwork environments have to be considerec  Fig, 1 Filtering Objects form the source to partialmodel
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model(s). The role of the mapping schema is to mapwhile, the 2D/3D graphical visualization togethdthw

elements from the source to the target model(s).

One of the main challenges for dealing with érti
models in IFC is considered to be maintaining data
herency and avoiding redundancies taking into agcou
the wide spectrum of software applications thathnig
work on the model. Another main challenge is degplin
with the relationships between the IFC objects.ré&he

the IFC model relevant properties are considerdakto
the main interest. Thus, the main focus in thisepap
on the graphical user interface for handling IF@iph
model exchange scenarios by end users.

The visualization efforts in this paper are focusa
the interaction between the end user and the visual
tion to serve the partial model exchange requirdsaen

is a need for a mechanism to enable the separatiomhus, the following interactions capabilities arada
(splitting) of objects and reconnecting them baxkhe  available to the end user:

parent model at re-integration time. IFC Tree Hierarchy, (figure 2)

IFC 2D Storey View, (figure 3)

IFC 3D view, (figure 4)

Partial Model View based on selection criteria
and database queries, (figure 5).

3.2 Binding IFC EXPRESS definitions

Since the IFC model schema is defined in EXPRESS
ISO 10303-P11 [12] and since EXPRESS is not a pro-
gramming language, there is an inevitable need foi
binding the IFC EXPRESS definitions to a program- '
ming language. The EXPRESS definition of the IFC ﬂ IfcProject ‘Default Project’
model contains hundreds of interrelated entitied an
inheritance relationships that have to be mappeHeo Ve fams TeraRe
associated programming |anguage. ? “ IfcBuilding 'Default Building'

In the scope of the research presented in thisrpa @ [ ]

L ? IfcBuildingStorey at level: -3.0|

pure early binding approach was adopted. The Jav. _ |
Compiler Compiler [13] and reflection technologies &8 IfcWallStandardCase Wand-1-0032°
[14] were used to generate early binding Javaryboh .
classes to the IFC 2X3 EXPRESS schema.

IfcvWallStandardCase Wand-1-0034"

d Ifc\WallStandardCase YWand-1-0036'

3.3 Importing STEP-P21

. ) . Fig. 2 IFC Hierarchical Tree Structure
STEP [15] is the exchange format of data defined in

EXPRESS. It is a clear text encoding for the exgean 35 gglection and splitting of partial models
structure that represents data according to a diven
PRESS schema. The end user has first to identify a subset of If@

In order to be able to deal with the IFC model in model to be split. This subset is defined throughin-
stances, a STEP-ISO 10303-P21 parser and intarpretéeraction with the graphical user interfaces. Thhig
using the Java Compiler Compiler technology weresubset has to be split into a valid IFC partial elddat
developed by the author. The IFC STEP entities arecan be exported for use by other actors and sadtwar
parsed and interpreted at runtime to their Javateou  applications.
part objects from the early binding classes. 3.5.1 Defining an IFC model subset
In the 2D/3D CAD storey viewer the user can select
IFC elements by clicking them (one by one), by draw
ing an enclosing (picking) window or by filteringre
tain IFC type instances in relation to certain egmt
ment conditions. Example: Walls (IfcWall) of thesti

3.4 Visualization

The end user or the project manager who is resplensi
for the project development and the co-ordinatiébn o

the deS|gn. and construction works |.s in most of theﬂoor (IfcBuildingStorey) that belongs to the lign
cases not interested to know any thing about ti@ IF
room (IfcSpace) and so forth.

EXPRESS and STEP underlying technologies. Mean- This subset of the IFC model can also be defined
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picking from the IFC Object Tree Hierarchy. The mai
aim behind the interaction with the visualizatiop- o
tions is to make it easy for the end user to defiiise

own partial set of the IFC data model.

R AU 4| || ] [z | - ‘lﬁ:EuildingStorEy at level: 16.8 ‘vl‘l’ rrrrr parent | Grak
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Fig. 3 2D CAD View

Fig. 4 3D CAD View of partial model
@ Q4 &b @ . 2z & FchuldingStorey ol level 10 | Transparen | Grab | Pick: l;_m CAM

FFCBUILDING ELEMENTS

Fig. 5 Showing the partial model in 3D

At the end of this stage a data set that includes
GUIDs (Global Unique Identifiers) of the IFC ele-
ments that formulate the partial model should be de
fined.

3.5.2 Defining the IFC splitting edges
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«-——» Inverse Attributes .
————————— » Optional value attributes
* Normal explicit attributes

Fig. 6 Defining Splitting Edges for the partial moctl

According to [16] the splitting edges that sepalze
tween the parent IFC model and the partial sub-inode
is done at the Inverse and Optional attributeshasve

in figure 6. This process facilitates the breakitugvn

of the inter-relationships between the IFC objedha
splitting time and building them back again at the
integration time.

The end user can define these edges on two levels
First: On the instance type level (e.g. for al\&ll in-
stances) and Second: The end user can override the
definition on a particular instance or a group ©of i
stances through the interaction with the graphicsar
interface.

Once the partial model set of GUIDs and the neces
sary user defined export filter(s) have been define
The splitting process can start.

3.5.3 The Splitting Process
The first step in the splitting process is the togaof a
target model with a copy of the same IfcProject in-
stance and all its context information (units ofase
urement, owner history and so forth). The secoad st
is the iteration over the selected set and doiegfah
lowing:
Creating a clone of each object to be copied to
the target model.
For each object, the splitting edges have to be
defined according to the user defined export
filter.
For each object the direct and inverse attrib-
utes have to be recursively followed, cloned
and copied to the target model, except for
those rejected by the user defined filters at the



splitting edges. level, there is a need to establish partial modglghe
The IFC hierarchy of containment in spaces, sitesend user to enable collaborative concurrent woHe T
buildings and building storeys has to be copied the  paper has introduced a double filter approach at th
target model set with taking care to remove aleot§y  above two levels.
that are not already members of the target seeaist The visualization and interaction between the end
in the IFC aggregates (Lists, Sets, Arrays and Bags users and the building information model on the

An example of this is the IfcRelAssociatesMaterial, graphical user interface enables them to creatiéapar
where there is an aggregate of related objectdito t models and their export in the form of valid STE®I
material. All objects have to be removed from tge a 10303-P21 files.
gregate except the objects that are transferreitieo  Since the exchanged data includes both geometric as
target model. well as non-geometric data, the splitting of olgelay

In this manner a partial model is created andlian CAD applications is not sufficient to satisfy the-e
exported in the form of a STEP ISO 10303-P21 fike f change requirements. Hence, the partial sub-models
further use by any other actor or software appbicat are created by splitting the sub-model from theeptr
The exporting process takes place by a STEP writemodel by using the EXPRESS Inverse and Optional at-
tool that is developed by the author. tributes as splitting edges.

The overall splitting process is carried out adow The next steps for developing the approachelisn t
to a double filtering mechanism as shown in figdre paper would be the instantiation of a databaseable
The first filter is defined by the end user and flee-  SQL queries to be executed and the results tode vi

alized and used to create partial models. Anothrecd

tion of development is the ability to compare sub-
models to determine the changes. This would ulti-
mately play an important role in the area of “Chang
Management” especially if coupled with object ver-

sioning.
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