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ABSTRACT: As the prevalence of BIM increases in A/E/C-FM disciplines it is timely to review the standards that are
being utilised and how well they are serving the discipline. The analysis presented analyses the most common standard,
the IAI's IFC, from a meta-level and asks questions about the evolving model from the viewpoint of metrics for data
models as well as a low level analysis of the accuracy and correctness of implementations of the data model interpret-
ers. Metrics applied to the evolving versions of the IFC schema can indicate the trajectory of the schema and profile
areas which may be of concern in the maintenance of the schema and applications that have to utilise the schema.
Analysis of the approaches to importing and exporting data for design tools, based on the schema, help indicate how
market ready the technology really is. Where commercial projects are starting to rely on the standards as a mechanism
to reliably transfer semantically correct information there must be guarantees of the accuracy of the data as it is ma-
nipulated by these design tools.
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1 INTRODUCTION 2 1IFC DATA MODEL METRICS

There has undoubtedly been progress in the development One approach to understanding the strength of a data
of BIM for A/E/C-FM industries, especially in the last model and its evolution is to apply metrics to that model.
decade. The IFC standard (IAI 2007) has been adopted by =~ One of the main motivations in applying these metrics is
the majority of the large CAD vendors, and in several to ensure the maintainability of the data model and soft-
countries there are strong government-level policies in  ware systems which interact with the data model. Some of
place to ensure the adoption of this standard. There is also  the main aspects of maintainability are: the ease of under-
strong support for the use of BIM by many in the industry ~ standing of the data model; the amount that the data
as reflected in supportive articles appearing in the various  model changes over time; how easy it is to test the cor-
trade magazines and Internet commentary sites (e.g., rectness of the data model; and how to ensure compliance
http://www.laiserin.com/ and http://www.aecbytes.com/). with its specification. The metrics therefore provide view-

However, there has not been as much research-based points on the evolving complexity qf the model, and ip a
critical analysis of the adoption of these standards and ~Standard software development project would help drive
their impact on the industry. To help understand where the refactoring of the data model.

current BIM is taking the industry there needs to be

analysis of the evolving schemas and the approaches to 5 | pfepics for data models

the management of the data against these schemas. ) )
There are a wide range of metrics which have been

mooted for data models (Piattini et al 2002), but for this
work we look at metrics applicable to UML class dia-
grams as developed by the research community and
summarised by Genero et al (2000). Metrics for UML
class diagrams will be applicable in this domain as UML
class diagrams are analogous to the EXPRESS-G dia-
grams developed for the IFC efforts.

One form of analysis is through the measures of the struc-
ture of the data model which can be achieved through
utilising standard data model metrics. These metrics pro-
vide commentary on the strength of a data model and its
maintainability over the long term. A second form of
analysis is the accuracy and correctness of the design
tools interpreters when they interact with the data models.
This analysis provides an insight to the problems that will
be encountered when actually using the current BIM ap- ~ The metrics calculated and the motivation for applying
proaches. In this paper we apply metrics designed for them (Genero et al 2000) are as follows:

UML class diagrams to the evolving IFC schema to un- - Overall number of classes: Provides a simple measure
derstand its trajectory. We also examine the results of of the global complex1ty of the data model. An indica-
data model manipulation through various commercial tor of the coverage prov1ded by a quel. o

CAD systems in order to understand how they maintain - Depth of the inheritance tree: Provides an indication
the integrity of BIM data. of how much impact changes in the model are likely

to have. As the average depth increases the impact of
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changes near the root of the tree have a greater impact

on the model. If this number increases over versions

of a model it indicates a model and software which
will require greater work to maintain under change.

Number of children: Provides a direct measure of the

reuse being made in the model but as the average

number grows also indicates greater difficulties in
maintaining the model and code as changes in the par-
ent impact a greater number of child classes.

- Number of associations in a class: Provides a measure
of the reusability of a class, where in general the
greater the number of associations the less reusability
exists for that class. The greater the number of asso-
ciations the greater the complexity of a class and the
greater the difficulty to understand the class definition
correctly.

- Number of dependencies in: Provides a measure of
how many classes rely on a particular class. The
greater the number of dependencies in the greater the
complexity of the model.

In addition to these measures we introduce measures spe-
cifically related to the property set construct found in re-
cent versions of the IFC data model. Of interest are the
following:
- Overall number of property sets defined: Provides a
simple measure of the complexity of the data model.
- Ratio between property set data and class data: Pro-
vides an indicator of the balance between the formally
defined data model and the informally defined model.

2.2 Application of metrics to the I[FC schema

In order to calculate the metrics described in section 2.1
the EvaSys system (Ma et al 2006) was extended to report
on the structure of the schema loaded alongside the data
files it analyses. This analysis was run on the long-form
version a set of final versions of the IFC schema which
have been published by the IAI (2007) over the last dec-
ade. The results of which are presented in the following
tables.

Table 1. Simple measures of the IFC schema.

150 | 151 2.0 2.x 2.x2
Add1
629
105
524
1279
568
711

2.03

IFC version

Classes

- Root classes

- Inherited classes
Attributes

- Optional

- Required

Average attributes per class

Table 1 indicates that the complexity of the IFC data
model has increased significantly over the major versions
of the schema. There exists over three times as many
classes as in the original IFC model. This is a strong indi-
cator for the growth in the domain coverage of the IFC
data model. An issue for the community now becomes the
effort involved in understanding the complete IFC model
in order to implement it correctly. The likelihood of
schema errors increases with model complexity as does
the likelihood of implementation errors. It is interesting to
note the decline in number of base attributes (defined as
attributes with a simple type) per class which is an indica-
tor of the amount of information defined per class. An
indication that information is being inherited through the
class hierarchy effectively but also that there is less new
information being added in the new specialised classes.
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Table 2. Associations in the IFC schema.

. 2.x.2

IFC version 1.5.0 1.5.1 2.0 2.x 2.x.2 Addl 2.x.3
Average depth of 218 | 214 | 268| 269| 326 327| 3.49
inheritance tree
Ma)ﬂ'mum depth of 5 5 3 7 3 3 3
inheritance tree
Average number of | o) | g4 | 84| 081| 083 083| 085
children
Maximum number 16 19 27 16 26 26 28
of children
Averagenumberof | 5 g0 | 405 | 480 | 433 | 414 | 415 | 443
Averagenumberof |3 44 351 | 4580 401 | 414 415| 443
dependencies in

Table 2 also indicates the increasing complexity of the
IFC schema. The average depth of the inheritance tree has
increased by over one and is still increasing slowly. This
means that changes to the model will, on average, affect a
greater number of classes in an implementation of the
model, and hence from a maintenance point of view indi-
cates greater effort to maintain IFC compliant software
under change. The average number of direct children per
class is not increasing, which is a good sign from a main-
tenance and development point of view. The average
number of associations and in-dependencies is increasing
slowly, also reflecting a more complex model and the
likelihood of difficulties in understanding the full schema.

Table 3. Property sets in IFC.

. 2.x.2

IFC version 2.x.2 Add1 2.x.3
Unique properties 1527 1797 1791
Maximum properties for a 136 151 151
class
Average properties per class 5.15 6.87 6.65
Attributes 1268 1279 | 1320
Average attributes per class 2.04 2.03 2.02
Ra?m of attributes to prop- 0.40 030 030
erties per class

The data on properties is a little sparse for trends to be
emerging as yet. However, the ration between attributes
and properties per class gives a very clear indication as to
where information about an object is likely to be found.
The class with 151 properties (IfcPerformanceHistory) is
defined in the IFC schema with a very small number of
attributes. So here, and for many similar classes, the ques-
tion might be asked as to why the published properties are
not incorporated into the specification of the class (as
optional attributes if need be).

3 DESIGN TOOLS’ IFC TRANSLATORS

The ability of design tools (CAD, simulation, etc) to cor-
rectly handle IFC data is another major aspect of the ma-
turity of the BIM marketplace and the confidence of in-
dustry to work with these data models. The major CAD
tools and a growing number of simulation and analysis
tools are providing IFC import and export. There is also a
growing library of case studies of the use of IFC for real-
life projects (IAI 2007). However, the analysis in section
2 would indicate that this will be a major development
task for those prepared to handle IFC data in regards to
having to manipulate a schema of great complexity.



In the last year a range of researchers have reported on the
manipulation of data related to IFC. Lipman (2006) has
investigated the possibilities and difficulties of mapping
between CIMsteel and IFC representations. Pazlar and
Turk (2006) have looked in particular at geometric data
exchange utilising the IFC data model. Ma et al (2006)
and Amor and Ma (2006) have focused on issues in the
preservation of the semantics of IFC data when mapped
through a design tool’s internal representation. All of
these studies indicate that the translation of IFC data
through a design tool is lossy. This recent work, focused
on the IFC data model, reflects research undertaken over
the last two decades which identified a range of data map-
pings which are impossible to accurately implement and
which raised issues as to what could be achieved with
object-based data transformations (Banerjee et al 1987,
Lerner and Habermann 1990, Eastman 1992, Zicari 1992,
Amor 1997, Atkinson et al 2000, Amor and Faraj 2001,
and Grundy et al 2004).

One of the shortcomings of the work undertaken in the
last year has been the high level at which the analysis was
undertaken, providing a summary of the issues that exist
(e.g., lost objects), but not enough detail to understand
exactly where issues were prevalent. The analysis tool
reported by Ma et al (2006) has been further extended to
provide very detailed reports on the differences between
two IFC data files. The results of this detailed analysis are
presented below.

3.1 Testing process for IFC data files

The testing process has been structured to ensure repeat-
ability and to utilise standard data models and translators
where possible. This is a little problematic in that there
are no repositories of standard data files to be used con-
sistently by researchers working in this area and the trans-
lators for the various design tools are constantly changing.

To ensure that data files being tested are quality files and
correctly specified we have attempted to source files di-
rectly from the IAI where possible. For IFC 2x3 this has
been eased by the open publication of the initial confor-
mance test files for use by all tool developers (IAI 2007).
For earlier versions of the IFC we have sourced test files
from the various IAI road shows as exemplars public
promoted by the TAI. We have also sourced a set of IFC
2x2 test files crafted for a Masters in Engineering project
in Fire Engineering (Dimyadi 2006).

To ensure that the IFC import and export process is well
crafted we have chosen to utilise the commercial CAD
tools as our design tools. These tools have the longest
history of IFC translator development and are all certified
by the IAI as conformant to the IFC specification.

To ensure that we are focusing on a process that can be
related to a single design tool we have structured the test
as follows. For every IFC data file in our repository we
have imported it directly into the CAD tool and then im-
mediately exported the model as an IFC file again. No
manipulations were made to the model after import into
the CAD tool. When exporting the model we chose the
default settings for the IFC export offered by each of the
CAD tools.
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3.2 Results of round trip translation of IFC data files

As reported in previous research papers (Pazlar and Turk
2006, Ma et al 2006, and Amor and Ma 2006) there are
significant differences between the original IFC data file
and the file after being exported from the CAD package.
Table 4 gives an indication of the level of differences
which occur in these data files for one typical CAD sys-
tem. In almost all cases there are less objects with pre-
served GUIDs than with changed GUIDs. The number of
objects in the two files can be vastly different, and in
many cases property set information is not preserved
across an import and export.

Table 4. IFC 2x3 test file results for one CAD system.

GUIDs

IFC 2x3 Test Files

Objects with
Objects with
same GUIDs

Object with

no GUIDs

Objects with

property sets
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Drilling down to categorise the differences for a particular
instance of a translated IFC data file reveals a plethora of
relatively minor through to major differences. While the
majority of differences are minor as in Table 5, a major
concern must be the number of objects whose GUID are
not preserved during a translation. While most of the ob-
jects with changed GUIDs are not representing physical
objects in a building (e.g., IfcRelAssociatesMaterial, If-
cRelDefinesByProperties, IfcPropertySet) there are still a
small number of changed or dropped objects that do rep-
resent physical constructs within the building model (e.g.,
IfcBeam, IfcCurtainWall).

Table 5. Examples of differences found between translated IFC
data files.

E. observed differences In Out

Repr ional accuracy 4.154093800000022 4.1540938

Instantiated data Date: 0 Date: 1172711486
Type changes IFCLENGTHMEASURE(0.) | IFCREAL(0.)
Updated information Version: 9.1 Version: 9.0

Changed representations SweptSolid MappedRepresentation



4 CONCLUSIONS

Applying meta-level analysis to the evolving IFC schema
and data files of IFC data provides us with insight into the
evolution and status of IFC as a BIM standard. This
analysis shows, unsurprisingly that the IFC schema has
become more complex over the years as it has been ex-
tended to cover a larger segment of the A/E/C-FM do-
mains. While some aspects of this complexity are under-
standable in a mature model there are measures of the
schema indicating complexity which is not necessary. The
number of associations and dependencies between classes
(including inheritance depth) are manageable by standard
modelling and refactoring techniques which can be ap-
plied to schema. Working to reduce these numbers will
ensure that the complexity and maintainability of the
evolving IFC schema will not impact as severely on the
community which has to implement the final specifica-
tions.

Analysis of the translators used in commercial CAD sys-
tems indicates that there are a range of serious issues
which need to be addressed in the certification process for
IFC as well as the accuracy of existing translators. Se-
mantic integrity of the data represented in the IFC data
model has to be maintained as the model moves between
design tools. Analysis to date indicates that this does not
happen in many circumstances.
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