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Abstract: The IFC data model has several hundred entities and thousands of
attributes, relationships, quantity and property sets that can represent various
aspects of a construction project. A one-to-one mapping between a BIM software
tool’s native data format and the IFC data exchange standard is not possible. This
complexity makes it difficult for the translator modules in a BIM software tool to
accurately map the IFC elements, causing interoperability problems while
exchanging BIM data using IFC. Also, there are mistakes made by the software
developers in implementing the mapping to and from IFC data exchange standard,
which adds to the issue. A proposed approach to tackle the interoperability problem
is to adopt a ‘divide and conquer’ method by classifying IFC entities as per their
relative importance for a discipline and to rectify the interoperability issues of the
most important entities first. This paper proposes a framework to classify the IFC
entities as per their relative importance with respect to various disciplines and
introduce an index called RI (Relative Importance). This paper also suggests the
application of the proposed framework in the interoperability measurement
(conformance testing) implementation for BIM software tools, and in presenting the
results of conformance tests.

Keywords: BIM, Relative importance, Interoperability measurement, Framework,
IFC classification.

1 INTRODUCTION

There are numerous Building Information Modelling (BIM) software tools currently
available. Data exchange between those BIM software tools is crucial for collaboration
between various disciplines in Architectural, Engineering, Construction, and Facility
Management (AEC-FM) industries. Industry Foundation Classes (IFC) were introduced
for this purpose and have become the de-facto standard for data exchange between
various BIM software tools (Lai and Deng, 2018). The IFC data model has several
hundred entities and thousands of attributes, relationships, quantity and property sets
that can represent various aspects of a construction project. Data accuracy during a data
exchange is of the utmost importance when commercial projects rely on IFC as a
mechanism to reliably exchange their BIM models between various BIM software tools
(Amor, Jiang, and Chen, 2007). However, the translation modules of BIM software tools
do not always accurately map the elements of a BIM model onto the IFC data structure
during data exchange. In general, this is because a complete mapping is not possible, but
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also due to mistakes made in implementing the mapping to and from IFC data exchange
standard. There is a significantly large number of possible mappings between various
entities and their attributes that makes it extremely hard to completely address the
interoperability problem.

This research adopts a ‘divide and conquer’ problem solving approach to tackle the
interoperability problem by classifying IFC entities according to their importance to a
particular discipline and to identify the interoperability problems associated with entities
in the higher level of importance first. The ‘more important IFC entities’ in this context
are those that can have a more significant negative impact on the project if there were
any unintended alteration during data exchange. The insight for this type of
classification was gained from software testing principles where modules to be tested are
classified based on their impact on the safety and reliability of the final software system.

This paper proposes a novel framework to classify IFC entities along with their
attributes and property sets based on their importance to a particular discipline.
Classifying the IFC entities and properties is a complex process that requires significant
effort, and it will take a long time to classify the majority of the elements because the
importance of an IFC entity changes with different disciplines and processes. The
framework incorporates methods to overcome the complexities described above by
introducing a relative importance index to quantify the relative importance of IFC
elements. This paper also suggests two areas of application for the proposed framework:
in the interoperability measurement (conformance testing) implementation for BIM
software tools; and in presenting the results of conformance tests.

2 BACKGROUND

Building Information Modelling (BIM) is a multi-faceted technology and process that
enables the sharing of the physical and functional representation of a built environment
throughout its life cycle. The objects of BIM processes are building models or BIM
models (Sacks, Eastman, Lee, and Teicholz, 2018). There are numerous software tools
currently available to create and manipulate these BIM models. A construction project
needs a multitude of these BIM software tools to assist the execution of the project and
will need BIM models to be exchanged between these software tools (Lipman, 2006).
Interoperability between BIM software tools is a crucial requirement for AEC-FM
industries to enhance their efficiency and to support new business processes (Amor,
2008). Data can be exchanged directly between these BIM tools by implementing one set
of translators between each pair of software tools to map the native representation of the
BIM model of one software tool to the native representation of the other. Developing and
maintaining numerous sets of translators for direct data exchange between various
software tools is extremely inefficient (Laakso and Kiviniemi, 2012). Hence, the preferred
method of exchanging data between BIM software tools is to have a data exchange
standard so that each software tool only needs to implement one translator specifically
for that standard.

The Industry Foundation Classes (IFC) is one of the data exchange standards that
was introduced to achieve interoperability in AEC-FM industries. IFC was developed and
is maintained and controlled by an industry consortium known as buildingSMART
(formerly IAI). The AEC-FM industries in many countries and the majority of the BIM
software tool vendors have adopted IFC as their preferred data exchange standard, and
strong government-level policies and mandates are in place in many countries to ensure
the adoption of this standard (Amor et al., 2007). The first version of IFC (IFC1.0) was
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released in 1997, and it has been developed and updated periodically. The initial versions
only supported basic architectural elements such as wall, floors, doors, windows, beams,
and columns (Lipman, 2006). Further versions enhanced its capability to represent
building components, fixtures, and equipment in various disciplines such as HVAC,
Plumbing, Electrical, Mechanical, as well as Facilities management. The current
candidate standard IFC4.2 has included entities to represent bridges (buildingSMART,
2019d). The increase in the capability of the IFC schema to represent more building
elements and processes resulted in a significant increase in the number of the entities,
attributes, property sets, and relations in the IFC schema (Amor, 2015). The current
official release of IFC version has 801 entities, 413 property sets, 93 Quantity sets, and
1694 Individual properties (buildingSMART, 2019c¢).

The evolution of IFC into an increasingly complex schema has negatively impacted
the ability of the BIM tool’s translator systems to correctly handle IFC data, which is a
crucial aspect of the maturity of the BIM marketplace and the confidence of the industry
to work with IFC data models (Amor et al., 2007; Amor, 2015). Exchanging data between
BIM software tools and the IFC data model is a highly complex process as the translators
cannot have a one-to-one mapping between the software tool’s native data format and
the IFC schema; and also in many cases, there can be multiple possible mappings for the
same elements between native and IFC schemas (Lai and Deng, 2018). Hence, it is
challenging for software vendors to develop and maintain translators that can accurately
handle the IFC data. Many studies since the mid-2000s have pointed out translation
errors that have caused data loss and misinterpretation of intent (Amor and Ma, 2006;
Lai and Deng, 2018).

The interoperability issues caused by the inaccurate translation by BIM tools have
created a psychological barrier for the wholehearted adoption of BIM by the industry
(Solihin, Eastman, and Lee, 2015). Hence, it is critical that the translation process be
improved to gain the confidence of the AEC-FM industries. However, the software
industry is well aware that it is impossible to create error-free software (Amor, 2015). It
is also challenging to correct all the errors, because the removal of a fault in a software
product may affect the existence, number, location and nature of other faults in that
software (Mili and Tchier, 2015, p. 287). Also, the fact that translators of the various
design tools are constantly changing (Amor et al., 2007), and the increase in the number
of IFC elements with each version updates adds to the complexity of the situation (Amor,
2015). buildingSMART is aware of this issue and has introduced methods to reduce the
scope of information exchanges and to make IFC data exchanges manageable (Laakso
and Kiviniemi, 2011). The Model View Definition (MVD) mechanism was introduced to
reduce the complexity of the IFC schema in applications by focusing only on a subset
required by a specific discipline (e.g., structural analysis) or for a specific application (e.g.,
project and design coordination). Thus, MVD can be viewed as a type of ‘divide and
conquer’ solution to improving interoperability. However, current approved MVD are
practically still too complex to handle as a single unit for the purposes of troubleshooting
translation errors in BIM software tools.

Insights to improve the accuracy of the IFC translators can be gained from the
software testing discipline. Software testing suggests that not all errors carry the same
stakes even for the same stakeholders, let alone for different stakeholders (Mili and
Tchier, 2015, p. 300). Since different errors in software impact each stakeholder
differently, the software testing discipline advises the software testers to target the high
impact errors before correcting lower impact errors in software (Mili and Tchier, 2015, p.
288). Similarly, in BIM, “not all errors are equal in terms of their impact downstream to
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the receiving application within the exchange workflow” (Solihin et al., 2015). For
example, during an IFC data exchange, a missing or altered structural element of a
building such as a load-bearing beam will have a higher impact on the integrity and
stability of the building than a missing or altered non-load-bearing beam for a
stakeholder in the structural engineering discipline. However, any alteration during data
exchange for the same non-load-bearing beam may have a higher impact on the
execution cost (but less on safety aspects) for a non-structural stakeholder. Likewise, a
missing piece of furniture in the data exchange may only have a negligible impact to the
interior designer, and no impact at all to the other stakeholders. Thus, each IFC element
has different levels of importance relative to the discipline they are associated with, in
terms of the impact caused by an alteration of data during an IFC data exchange.
Therefore, as suggested by the software testing discipline, the translation error of an IFC
element that has higher importance for a particular discipline should be targeted before
correcting translation errors of IFC elements with lesser relative importance. Currently,
the only mechanism to group IFC elements as a subset of the IFC schema is an MVD.
However, elements in an MVD do not vary in their level of importance, and there are no
methods available to further segregate IFC elements as per their relative importance to
each other. Hence, this research introduces a ‘Relative Importance’ framework to classify
IFC elements as per their relative importance to each other with respect to their
perceived impact on different disciplines.

3 THE RELATIVE IMPORTANCE (RI) FRAMEWORK

A relative importance (RI) framework is proposed to overcome the complexities
described in the previous section and to help improve the accuracy of the translators in
BIM software tools. Different parts of a system have different degrees of importance as
per each component’s significance or criticality in the system, and the difference in
importance needs to be recognised by giving a weightage to each component (Pridmore
and Rumens, 1989). Hence, this framework introduces an index called ‘Relative
Importance’ (RI) to give due weighting to IFC elements to recognise the difference in
the importance of each IFC component in the whole building system.

This index can be used for enhancing the interoperability measurement process in a
conformance test. Interoperability measurement is the process of measuring the
correctness of data exchange given a set of criteria. To accurately measure the
correctness of the data exchange during a conformance test, the measurement process is
to be conducted as per the principles established by measurement theories (Fenton and
Pfleeger, 1997; Tal, 2017). Measuring interoperability between a BIM software tool and
IFC data exchange standard as per measurement theory has three main steps (Fenton
and Pfleeger, 1997; Jabin, Dimyadi, and Amor, 2019; Tal, 2017), (1) quantify how
accurately the translator systems in the BIM software tool maps its native representation
to the IFC data exchange standard. The outcome of this process is known as ‘quantified
indications’ (Tal, 2017). (2) Convert quantified indications into a measurement outcome
using a ‘measurement model’. A measurement model is used to abstract away the
complexities of the quantified indications (Fenton and Pfleeger, 1997) and present the
outcome in a manner understandable by the end-user. (3) Represent the measure derived
using the measurement model on a particular scale which is known as the ‘measurement
outcome’ (Jabin et al., 2019; Tal, 2017). Since the relative importance index needs to be
used in all of the measurement processes, the notation for the index is designed in two
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different ways to differentiate where the indexes are being used. The relative importance
index used to represent the values in calculation steps (first and second steps of the
measurement process) shall be represented using the notation ‘ri’; and the
measurement outcome represented on a particular scale (third step of the measurement)
which has abstracted away all the complications and calculations of the measurement
process shall be represented using the notation ‘RI’.

As mentioned in the previous section, the relative importance of the same IFC
element changes with each discipline from which the elements are viewed from.
Therefore, the values of RI or ri are always dependent on the perspective of the
discipline it is viewed from. Hence, the respective discipline needs to be represented
along with the notation. Thus, RT and ri notations shall be written as RI4 and rig
where the subscript ‘d’ is a placeholder to denote the name of the discipline for which
the relative importance of IFC elements are derived from. For example, if the relative
importance values are derived from the perspective of Structural engineering discipline,
it will be denoted as RIstructural OF Tistrucrural. The next section explains how the
RI4and rigindexes can be used to enhance the interoperability measurement process.

4 IMPLEMENTATION OF THE RI FRAMEWORK

The first step to improve data exchange accuracy is to quantify errors in the translator.
This is effectively measuring the interoperability between a BIM software tool and the
IFC data exchange standard. Specific conformance tests designed to measure the
interoperability for a particular data exchange standard are conducted by various
researchers and organisations. Conformance testing is conducted by one of the following
three methods: 1) checking for accurate translation of a test model exported from the
native file format to an IFC file by a BIM software tool, or 2) checking the accuracy of
translation of a test model imported into the native file format from an IFC file by a BIM
software tool, or 3) importing an IFC file into the native file format of a BIM software
tool and immediately exporting it back to IFC file format (round-trip) and comparing the
original against the re-exported IFC file for changes. (Lipman, Palmer, and Palacios,
2010). The primary output of these tests will be a list of quantified indications which
denotes the correctly and incorrectly translated IFC elements (the first step of
measurement). These results are intended for the end-users to be aware of the translator
issues, and more importantly, intended for the software developers to correct the errors
found during the translation.

The official conformance test to certify BIM software tools on their capability for
correct data exchange with the IFC data exchange format is conducted by
buildingSMART (buildingSMART, 2019b). The test results are published online as a list
of conforming and non-conforming IFC elements (or concepts as they are called in the
report). Also, buildingSMART awards a certificate to the vendor of the compliant
software, and the vendor can display a certified logo on their software products to
indicate to customers that the software is conforming to the IFC data exchange standard
(buildingSMART, 2019a). Eventhough a certified logo and certificate conveys the
impression that certified BIM software tools can accurately exchange data with the IFC
data exchange standard, numerous researchers have conducted independent
conformance tests and discovered critical errors in the translation systems of many BIM
software tools certified by buildingSMART (Amor and Dimyadi, 2010; Jeong, Eastman,
Sacks, and Kaner, 2009; Kiviniemi, 2008; Lai and Deng, 2018; Lipman et al., 2010; Ma,
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Ha, Chung, and Amor, 2006). It is to be noted that the conformance test report that
buildingSMART publishes does show that some of the IFC elements are not supported,
or is only partially supported (or restricted as called in the report) by the BIM software
tools being tested and certified. It means that the certified BIM software tool will cause
some interopreablity issues when data is exchanged using the unsupported IFC elements.
However, this infomation that the certified software tool was certified with some
unsupported IFC elements is not explicitily conveyed in the certification logo or
marketing materials provided by the vendors. Therefore, the end-users are not able to
correctly interpret the conformance test results making them unable to accurately assess
the data exchange accuracy of the BIM tools they use.

Hence, it is crucial that a conformance test output should be able to explicitly convey
the data exchange accuracy and data exchange limitations of the certified BIM software
tool. The RI4 framework can be used to augment the conformance test reports to make
it more meaningful for the end-users and software developers. The next section
demonstrates an example approach to how the RI 4 framework can enhance the meaning
of the interoperability measurement outcome. It also describes how the result of a

conformance test could be displayed in a meaningful manner, along with the current
certification logo (issued by buildingSMART).

4.1 RI, framework to enhance the meaning of interoperability
measurement outcome

The first step to implement the RI4 framework is to classify the IFC elements along with
their attributes and property sets as per their relative importance by assigning rig
values for each of them. Since the RI4 framework is being introduced to manage the
complexities of the IFC data model, it is preferred to follow a minimalistic approach for
the concepts involved within the framework. Therefore, the granularity for the RIg
framework for differentiating the relative importance levels of IFC elements is kept to
just three levels; which are ‘Low’, ‘Med’, and ‘High’, which can be equated numerically
as 1, 2, and 3 respectively. The assigned r1ig values will be influencing calculations done
for the interoperability measurement and will determine how the conformance test
results are shown to the end-users. Also, these values serve as an indicator for the
software developers to help them understand the importance of IFC elements from the
perspective of various disciplines.

The importance level of each IFC element and its attributes should be assigned by an
expert in each discipline based on their acceptable tolerance for any inaccuracy during
data exchange with IFC. When an IFC element is directly related to a discipline and
needs to be exchanged precisely, the element is considered as high importance for that
discipline and would be assigned a rig value of 3 (high importance). Directly related
elements are those elements which are directly used by the discipline. For example,
elements such as pipes, pipe joints, etc. are directly related to plumbing discipline, and
load-bearing beams, columns, walls, slabs, etc. are directly related to structural discipline.
Also, there will be many elements that are indirectly related and important to a specific
discipline. These indirectly related elements would be assigned a rig4 value of 2. For
example, the plumbing contractor needs the structural layout data of load-bearing beams
to locate the position where structural penetrations could be made to allow the pipes to
pass through the beams. These positions on a load-bearing beam are designed in such a
way that the structural penetrations do not cut the reinforcement bars inside them. If
there are any unintended alterations during data exchange to the marked positions, the
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plumbing contractor might make the penetration in the wrong position on the beam and
may cut the reinforcement bars inside it, causing damage to the beam. Thus, the
accuracy of structural data is also important to the plumbing discipline, though not as
important as the data of the elements directly related to the discipline. Hence, a rig
value of 2 (medium importance) is assigned to structural elements when viewed from the
perspective of the plumbing discipline. All other elements that are not related to the
plumbing discipline would be assigned a rigq value of 1 (low importance). The
assignment of rig4 values will be a one-time process for each version of a schema (e.g.,
IFC 4.1) for each discipline. The riq4 values decided by experts should be assigned at the
IFC schema level, and preferably verified and maintained by the organisation that
manages the IFC standard.

Table 1 shows a sample assignment of the rig4 values for three IFC elements (E1, E2,
and E3) along with their attributes. In a real implementation, ‘E1.PropertySet1.property
= xxx_ listed in column 1 could be substituted with a real IFC property set and its value,
e.g., IfcBeam.Pset_BeamCommon.LoadBearing = True’. The assignment of rig value
for this element value combination will be based on the importance of a loadbearing
beam from the perspective of various disciplines.

Table 1. An example allocation of rig values by disciplines.

IFC Elements ristructural riInterior riPlu.mbing
E1.PropertySetl.property = xxx 3 1
E1.PropertySet2. property = xxx

E2. PropertySetl.property = xxx
E2. PropertySet2.property = xxx
E2. PropertySet3.property = xxx
E2.QuantitySetl.Quantity = xxx
E3.QuantitySet1.Quantity = xxx

L L
N NN RN W
W W R N R R

For example, any data associated with a load-bearing beam is of high importance to the
structural discipline, and therefore should be translated exactly as it is. Hence, a riqg
value of ‘3 would be assigned for the element
‘IfcBeam.Pset_BeamCommon.LoadBearing = True’ and the assignment will be listed
under ‘risiryctural - Lherefore, in Table 1, when rig value of ‘3" is assigned for
‘El.PropertySetl.property = xxx’ (Row 1) under rigsiyycturai, it implies that all IFC
elements with that particular property and value occurring in an IFC file will be
considered high importance for stakeholders in the Structural discipline. Hence,
following the previous example, all the IfcBeam elements with the property
LoadBearing=true will be considered as high importance for the Structural discipline.
Similarly, if the accuracy of an element is not of concern for a particular discipline, then
it can be assigned a rig value of 1. For example, a load-bearing beam is not a concern
for an interior works contractor; hence rir,terior shall be assigned a value of ‘1, and all
other elements shall be assigned riq values using the same principle.

The next step in the implementation of the RI4 framework is to map the results of an
interoperability measurement test conducted between a BIM software tool and IFC data
exchange standard to the rig values. Since this paper focuses on the theoretical
implementation of the RI4 framework, a comprehensive interoperability test has not yet
been conducted; instead, sample test data was chosen taking insights from literature on
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actual interoperability measurements (Amor et al., 2007; Jeong et al., 2009; Lai and Deng,
2018; Ma et al., 2006). A common method adopted by researchers to represent the
interoperability measurement output is to list out the number of correctly or incorrectly
(or both) translated elements. All the tests in these research projects were done using one
of the three conformance testing methods described in section 4. Table 2 lists out an
exemplar outcome of an interoperability measurement test conducted using a round-trip
test for demonstrating a sample implementation of the RI4 framework. The first column
of the table lists three types of IFC entities (E1, E2, and E3) along with their attributes
and values that were present in the test models used for the round-trip test. The second
column lists the number of total elements (N) tested of the corresponding element and
attribute value in column 1 (e.g., the total number of IfcBeams with property
Beam.Loadbearing=true), and the third column lists the total number of correctly
translated elements (n) out of (N).

Table 2. Exemplar outcome of a round-trip test.

Total No. of No. of correctly
IFC Elements elements tested translated elements

N n
E1.PropertySetl.property = xXxx 1500 1450
E1.PropertySet2. property = Xxx 225 200
E2. PropertySetl.property = Xxx 5000 4250
E2. PropertySet2.property = xxx 500 499
E2. PropertySet3.property = xxx 3250 3200
E2.QuantitySet1.Quantity = xxx 75 60
E3.QuantitySetl.Quantity = xxx 125 100

To determine the rig value of the elements listed in Table 2, a row by row calculation is
performed against the corresponding rig values listed in Table 1. Table 3 shows the
mapped rig values for the Structural discipline. Also, the sum of the total number of
elements which has been assigned the same rig value is calculated from the table (XN
and Zn). The same process is applied to all the disciplines for which a measurement
outcome is needed.

Table 3. Calculations for rig values for the Structural discipline.

IFC Elements Tistructural N n IN In

E1.PropertySetl.property = xxx 1500 1450

Pery Propery 3 — 2000 1949
E2. PropertySet2.property = xxx 500 499
E2. PropertySetl.property = xxx 2 5000 4250 5000 4250
E1.PropertySet2. property = xxx 225 200
E2. PropertySet3.property = xxx 3250 3200

p-ty P p-y 1 —— 3657 3560
E2.QuantitySet1.Quantity = xxx 75 60
E3.QuantitySet1.Quantity = xxx 125 100

Once calculated, the values (quantified indications) in Table 3 are converted into a
measurement outcome (RIStructural). Our measurement outcome has two parts, an
‘Overall Score’, and an ‘Individual Score’. The Overall Score is the percentage of the total
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number of correctly translated IFC elements weighted by the corresponding rig4 values.
Since the overall score is weighted by the rig value, an inaccurate translation of a more
important IFC element (with rig value of 3) will reduce the overall score more,
compared to that in a lesser important IFC element (with rig value of 2 or 1). The
Individual Score is the percentage of the total number of correctly translated IFC element
under each rig value. These scores are calculated using the measurement model
represented by equations (1) and (2). The equations are used to calculate the scores for
each discipline separately.

i— n
Y5 (5 x rig
= G ) x 100 (

Overall Score (RI;) = -
(RIy) o )

o Xn
Individual Score = [ﬁ] x 100

Where:

>N is the sum of the total number of IFC elements tested during the conformance test,
grouped by the type of IFC element and the assigned riq value.

>n is the sum of the total number of IFC elements correctly translated during the
conformance test, grouped by the type of IFC element and the assigned rigvalue.

Tiq is the relative importance value assigned to corresponding IFC elements.

The measurement outcome calculated using the measurement model will be displayed in
the format shown in Figure 1. The top-right cell denotes the discipline for which the
measurement outcome is calculated. The left column shows the Overall Score. The
values below High, Med, and Low, show the Individual Scores under the corresponding
importance level. These individual scores represent the ‘interoperability level’ which
conveys to end-users the percentage of accurately translated IFC elements under each
importance level during the conformance test. The proposed format abstracts away all
the complications of the interoperability measurement process and represents the results
in a simple manner that could be easily understood by the end-users. The format is
designed in a manner that could be displayed along with the IFC certification logo so
that end-users can clearly understand the current interoperability level and the
limitations of the accuracy of translation of the BIM software tool that was tested for
conformance. This format could be used as a standard method to represent the outcome
of any interoperability measurement tests that generate measurement results in the
manner shown in Table 2; thus enabling the end-users to compare the interoperability
level of one BIM software tool to another, even though the interoperability measurement
could be conducted by different bodies.
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Overall

2}3 Score

IFC2x3
Figure 1: Proposea measurement outcome displayed alongside the IFC logo

For clarity on how the measurement model converts the quantified indications into
measurement outcome, the steps required for the calculation is demonstrated for
RIgtructural (data referenced from Table 3).

Individual Score for RIstructural for rig value ‘3’

- [5] x 100 = [222] x 100 = 97.45%
IN. 2000
Individual Score for RI st ructural for rig value 2°
[=n 4250
- [5] x 100 = |22 x 100 = 85%
Individual Score for RI st ructural for rig value ‘1°
- [2] x 100 = [£2] x 100 = 97.34%
N 3657

Overall Score for RIstructural =

2 G i) ”d)l x 100

Xrig
1949 4250 3560
(— X 3)+(— X 2)+(— X 1)
2000 5000 3657
- x 100 = 93.289
B+2+1) %

The result of the calculation could be displayed as shown in Figure 2

Overall

Score RIstructural

Figure 2: RI4 for the Structural discipline

Using the same principle, RItnterior » and RIpiumping are calculated and shown in
Figure 3 and Figure 4, respectively.
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Overall

Gl RIinterior

Figure 3: RI4 for the Interior discipline

RI Plumbing

Figure 4: RI4 for the Plumbing discipline

Even though the outcome of the round-trip tests (Table 2) used for calculating the RI4
was the same, the measurement outcome clearly shows that there are noticeable
differences in the interoperability levels for each discipline. The end-users from each
discipline now can understand what the results mean from their perspective, for the data
exchanges done using the BIM software tool that was tested. The measurement outcome
can be interpreted as follows: the BIM software tool that was tested is better suited for
data exchange in the Structural discipline because 97% of the most important IFC
elements needed for the Structural discipline were translated accurately. The support of
the BIM software tool is not as strong for the Plumbing discipline. Even though the
medium and low importance IFC elements in plumbing discipline show high accuracy,
the high importance IFC elements related to plumbing discipline are only 80% and may
show inaccuracies while doing a data exchange. Hence, with this measurement outcome,
the stakeholders in these disciplines can take an informed decision whether to go ahead
or not with the current data exchange or wait till the vendors to update the translator
modules of the BIM software tool or look for another tool.

As for software developers, they could refer to the rig result data in Table 3 and
could make a priority list of IFC elements that are of high importance, and can focus on
correcting the errors associated with those elements first. They could rerun the
conformance test to check whether the percentage accuracy has increased after a bug fix,
if the value is not increasing, it may indicate that the latest bug fix might have
introduced other errors with other IFC elements. Thus, the proposed format can provide
clear insights for software developers on which errors are to be corrected first and what
effect those corrections cause to the system as a whole.

5 CONCLUSION

Using a mechanism to segregate IFC elements according to their relative importance
with respect to various disciplines enables new dimensions in handling the complexities
of the IFC data model for interoperability measurement. The proposed RI4 framework
demonstrates the possibility of viewing IFC elements from the perspective of the end-
user in various disciplines to allow them to focus only on what is relevant to them. It also
enables the representation of conformance test results in a segregated manner relevant
to each discipline. The standardised format to represent the measurement outcome
enables one-to-one comparison of the interoperability levels of different BIM software
tools on a standard scale. It can also serve as a gauge for the software developers to
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analyse the progress of their efforts to rectify the translator errors. Also, a standardised
measurement outcome will enable the customers and the vendors know how accurate
their software tools are as compared to other competing software tools. This could be a
self-motivation or a ‘forced’ motivation for vendors to improve the accuracy of their
translators.

This paper serves as a starting point of the research on the subject of the relative
importance of IFC elements, and reports on the basic functionalities of a mechanism for
segregating IFC elements as per their relative importance for various disciplines. A
limitation of this work is that the sample implementation of the RI4 framework has only
demonstrated the theoretical implementation and does not assign rig values to real IFC
entities. Further research is being conducted by the authors to develop an improved
conformance test methodology which incorporates the RI4 framework.
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