
1 INTRODUCTION AND CONTEXT 

Building Information Modeling is receiving an ever-
increasing acceptance in the building industry and in 
construction-related education or research. More and 
more, Architects, Engineers, but also Contractors 
and Building Owners are starting to understand the 
benefits and the potential of BIM. Legislation and 
trade organizations are developing recommendations 
and requirements for BIM-based processes. The 
adoption of BIM is gradually approaching 50% of 
all users, if we are to believe some of the studies that 
are published on this subject, although wide differ-
ences can be witnessed between countries and re-
gions (Eastman et al, 2011). 

However, there are still many practitioners and 
researchers who are still not convinced about the 
benefits of BIM, either out of lack of experience or 
based on a different point-of-view on the design 
process, where BIM is often disregarded. Especially 
during the early stages of the design process, archi-
tects are reluctant to start using the BIM approach, 
instead relying on more generic modeling and draw-
ing techniques, e.g. by using SketchUp or 2D draft-
ing software. However, the real benefits of BIM can 
only be attained if its usage can be extended through 
all phases of the design process. 

A good example can be found in the large amount 
of designers who integrate parametric modeling and 
visual or dataflow programming into their design 
workflow, using applications such as Grasshopper 
(Tedeshi, 2011). While they might involve BIM as a 
part of their projects, its role is usually limited to 
post-design elaboration, to create construction doc-
umentation. 

The relation between these two approaches will 
be further discussed throughout the rest of this arti-
cle. 

2 THE STRESSED RELATIONSHIP BETWEEN 
BIM AND PARAMETRIC DESIGN 

The technical approach of Building Information 
Modeling is inherently parametric (Eastman et al, 
2011, Chapter 2). The creation of a digital, virtual 
mockup of a building project is done by modeling 
and adjusting parametric objects. These objects have 
their own, “intelligent” behavior and are configured 
by setting the property values of all exposed parame-
ters. Regardless of how a BIM tool is implemented, 
they behave as scripted objects, with all resulting 
geometry being generated and recreated upon pa-
rameter changes. Whereas the designer manually 
models geometric detail in a generic 3D CAD sys-
tem, BIM software limits the amount of direct mod-
eling, using internal algorithms and embedded 
knowledge about the construction domain. One 
could argue that the designer models the skeleton of 
an object in a BIM system, whereas underlying algo-
rithms generate the flesh and skin that will be the re-
alization of the object. 

To contrast this, in parametric modeling systems, 
designers develop a recipe for a particular project, 
which can often be regarded as a composition of ge-
ometric entities. Regardless of the chosen technolo-
gy, they embed and inject mathematic formulas, 
constraints, calculations and control functions to de-
rive a geometric model from a series of input data. 
This is usually a combination of both numeric and 
geometric information, but can be extended with ex-
ternal inputs, such as site conditions, sensor data and 
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even online streams or graphical imagery. Burry and 
Burry (2010) give an extensive overview of mathe-
matic influences, illustrated with a large selection of 
contemporary design projects and buildings. They 
also give a typological overview of approaches and 
methods that have been found in these projects, such 
as cellular automata, control theory and evolutionary 
shape optimization. In parametric modeling, the de-
signer controls the generation of objects from an 
overall logical script or scenario. 

While BIM relies strongly on parametric func-
tionality, it is mostly used on an object-level. The 
BIM model thus behaves more like an assembly of 
rather independent objects. In parametric design, the 
whole project becomes a single assembly, with full 
control over both the overall form and the smaller 
details. 

So if the underlying technology or concepts are 
quite similar, then why are their applications so dif-
ferent? 

2.1 Two approaches, two communities 
BIM has some strong arguments that support its use. 
The models tend to be extensively structured, with 
clear semantic information. Through the modeling of 
the objects, information about the project is created 
and more information is embedded inside the prop-
erty values of the entities. In addition, while the 
model is said to be a 3D virtual model of the actual 
building project at stake, it also contains all docu-
mentation, primarily in the form of 2D drawings, 
such as plan views, elevations and sections, which to 
date still form a very large bulk of the required doc-
umentation required for obtaining a building permit 
and for the realization of the building on site. 

Overall, some of the main advantages of the BIM 
approach (structured model, embedded information, 
link to construction documentation) are mostly miss-
ing in a parametric approach, which, in its turn, ben-
efits from superior support for freeform geometry. 
Especially with contemporary freeform double-
curved geometry, parametric systems seem to be 
more flexible and capable, mostly because of the ge-
neric platform on which they are commonly devel-
oped, e.g. Rhino, MicroStation and CATIA for 
Grasshopper, Generative Components and Digital 
Project respectively. Additionally, integrated script-
ing and also support for visual programming or data-
flow modeling are major selling points for such sys-
tems, which are missing or still very limited in BIM 
implementations. It comes as no surprise that both 
approaches seem to have created separate communi-
ties of end users and practitioners. 

While many designers do move their parametric 
models into BIM software at some point in the 
building project, this usually occurs when the design 
is more or less finalized and the generated geometry 

becomes mostly static. There usually is no way 
back, once the model is transferred. 

One notable argument to avoid the use of BIM in 
the early stages of a building project is the require-
ment to enter quite a lot of design information up-
front. In typical BIM software, a wall immediately 
receives a full composition, including insulation and 
finishing. Some people suggest using “generic, emp-
ty” compositions to better clarify the state of the in-
formation that is being created, as to not make any 
false assumptions about the level of information that 
is available. 

However, as argued in (Boeykens & Neucker-
mans, 2008), there is a lack of process and workflow 
orientation in current BIM applications. Especially 
as the model itself contains an abundance of project-
related information, it is frustrating to note that rep-
resentations are mostly limited to traditional draw-
ings and 3D views, whereas relationships and dia-
grammatical representations seem lacking. In 
contrast, the very core of dataflow modeling or visu-
al programming relies precisely on the availability of 
this alternative diagram representation, which acts as 
the main interface to manage the project, the objects 
that are created and their relationships. 

Pauwels et al (2009) discuss how some of the 
shortcomings of the current BIM approaches can be 
further improved and suggest an evolution towards 
Architectural Information Modeling, relying on se-
mantic web concepts, especially to better cope with 
imprecise and incomplete design information during 
the preliminary stages of design. 

2.2 Semantics (or the lack thereof) 
The difference between both approaches is empha-
sized when focusing on the semantic meaning of 
created objects. Parametric design is almost exclu-
sively oriented towards geometry. While this geome-
try is more and more tied to external analysis tools, 
to evaluate different performance criteria such as 
daylight availability or energy consumption, the pro-
cess is inherently focusing on modeling. As such, 
the resulting geometry contains little information 
and is not so different from geometry created in tra-
ditional CAD systems: points, curves and surfaces 
placed on layers. This generic approach allows for 
flexibility and lessens the burden on the setup of a 
model, where the semantic meaning of the objects is 
still largely interpret by the user, rather than by the 
system. 

At the other side of the specter, BIM relies on a 
pre-defined semantic structure. All entities have a 
clear meaning and function. The culmination of the 
BIM structure are the Industry Foundation Classes 
(IFC), which describe all possible and foreseeable 
building elements in over 800 entities, 350 property 
sets and over 100 data types (Eastman et al, 2011, 
pp.73-76). It is expected that this set of elements will 



be further extended to cater for more elaborate fo-
cused descriptions of design information. However, 
this also complicates implementation, especially on 
systems that need to interpret this information. They 
need to cope with a considerable amount of possible 
entities that can be transferred. But the development 
of IFC is strongly based on experiences gained in 
product modeling initiatives. This is clearly indicat-
ed by the fact that the data model itself is described 
in EXPRESS, which is a dedicated modeling lan-
guage and as such, lends itself to implementation. 
Instead of programming each and every single one 
of the hundreds of classes, the IFC definition files 
are parsed and the required classes are automatically 
generated. Some of the current frameworks to man-
age IFC models use this approach, to generate 800+ 
classes from the main IFC definition file.  

While commercial toolkits for STEP, Express and 
more specifically IFC have been in development for 
quite some time; we like to make particular mention 
of some recent developments with an Open Source 
license.  They can be used to develop custom appli-
cations and workflows, while adhering to the IFC 
model format and structure. They usually involve 
large but generated class libraries and often provide 
viewing and browsing functionality, although object 
creation and manipulation is rather limited. 

IFC-SDK (url: joinup.ec.europa.eu/software/ifc-
sdk/home) is an Open Source C++ library for read-
ing and writing IFC files. There are no dependencies 
to any external libraries or software platforms. The 
included examples have test routines available, but 
seem to focus mostly on showcasing geometric as-
pects. 

IfcOpenShell (url: www.ifcopenshell.org) is an 
Open Source C++ library, with additional geometry 
support through the OpenCASCADE geometry ker-
nel. Although the focus seems to be on the viewing 
and loading aspects of IFC models and on conver-
sion to other software tools for visualization. 

IfcGears (url: www.ifcgears.com) is an Open 
Source C++ framework, which generates IFC com-
patible classes from the original Express files. This 
framework is also illustrated with a viewer applica-
tions, using Open Source toolkits for the graphical 
user interface (Nokia Qt) and for the scenegraph 
(OpenSceneGraph), required to manage the graph-
ical display and view manipulation. 

OpenIfcTools (url: http://www.openifctools.org) 
is Open Source for non-commercial use. This set of 
libraries is written in Java and is cross-platform. 
There is a fully functional viewer available, but sup-
port for modeling and scheduling is in preparation. 

Such libraries are possible enablers to improve 
the coupling of parametric tools and BIM software, 
even by end users, who might only have access to 
the published API (Application Programmers Inter-
face) of these systems. 

2.3 Interoperability and collaboration 
Whereas the efforts in parametric modeling are still 
strongly tied to their actual implementation, the de-
velopments in BIM are slowly becoming less and 
less dependent on the software tools.  

While there are still many application-specific 
developments occurring, e.g. through add-ins for 
specific software tools, the evolution of IFC also 
provides means to follow a more data-centric or 
model centric process. To a certain extent, project 
participants can collaborate on a project using and 
even defining their preferred process and to a large 
extend independent of the software tool that is being 
used. 

Beetz et al (2010) describe how a Building In-
formation Model Server becomes an important plat-
form for structured collaboration using IFC. By 
making this an Open Source and platform independ-
ent offering, they are effectively lowering some of 
the thresholds that development around BIM could 
pose. 

That is not to say that information exchange oc-
curs exclusively using IFC files. The preferred ap-
proach is through dedicated model views, where 
subsets of the building model are exported and im-
ported for particular exchange events. E.g. instead of 
hoping that a complete model will be perfectly trans-
lated, without any loss of information and while still 
being able to work seamlessly between different sys-
tems, only the information subset that is at stake will 
be exchanged, as explained by Eastman et al. (2011, 
Chapter 3). In practice, this means that the exchange 
of information can be based on IFC files, while the 
actual management and modeling can still occur in a 
native, proprietary environment and thus leveraging 
the full functionality of these systems. 

Recently, the OpenBIM initiative was launched 
(url: buildingsmart.com/openbim), with the support 
of buildingSMART and some software companies 
such as Tekla, Graphisoft and Nemetschek. Within 
this initiative, an open process is promoted, oriented 
towards IFC-based neutral information exchange, 
regardless of the software that is being used. While 
applications such as VectorWorks, ArchiCAD and 
Allplan are specifically mentioned, the notable ab-
sence of Autodesk presents some doubts about the 
acceptability of this initiative. Instead, Autodesk 
imagines collaboration and interoperability to be 
mostly oriented around their Revit system, which is 
dubbed a “platform” for all BIM processes. It re-
mains to be seen whether both approaches can be 
complementary, rather than disparate and what the 
longevity of this initiative entails. 

Thus far, comparable initiatives evolving around 
parametric design are still to be developed, at least 
in the building industry. STEP, the protocol upon 
which IFC is developed, does support this neutral 
process, although in practice, many project still rely 



on proprietary formats and systems. In parametric 
architectural design, there are some thriving com-
munities, but they are commonly tied to specific 
software applications. A notable exception is the de-
sign patterns initiative by Robert Woodbury (url: 
www.designpatterns.ca) that is mostly software-
neutral, although implementations of the patterns is 
carried out in Generative Components. 

2.4 Top-down versus Bottom-up 
Another way to look at the contrast between BIM 
and parametric approaches is by focusing on the 
process itself. BIM is usually envisaged in a top-
down design approach, from the overall layout of the 
building, drilling down, during the design process, to 
the finer construction details. However, in practical 
use, the building elements that are presented to the 
end user seem to fit into a bottom-up approach. Dur-
ing modeling the building is created by assembling 
small objects. 

For early design modeling, it is also possible to 
use a mass modeling approach, where basic, primi-
tive volumes and voids are assembled and then 
sliced to generate floor levels, spaces and enclosing 
elements. This is primarily a uni-directional work-
flow, where the mass model is used initially, but 
abandoned once the actual building elements are 
generated. The inherent limitations of such an ap-
proach have been described in (Boeykens & Neuck-
ermans, 2006) and the considerations still stand to-
day, especially when the design process is thought to 
be flowing back and forth between scale levels and 
design phases. 

In parametric modeling, there often is a double 
path that is followed. Overall options for form and 
volume are often modeled, e.g. using loft or sweep 
operations on curves, but the parametric process will 
derive actual objects from these shapes to fill in the 
details. However, parametric scripts or constructs 
are usually created bottom-up, starting from smaller 
entities and assembling them into an overall solu-
tion. It is also noticeable to see people developing 
the forms themselves from the parameter inputs and 
not from a modeled shape or form. 

2.5 Integrating Analysis 
Designers in both BIM and parametric design are 
looking at analysis and the integration of evaluation 
of performance criteria into a seamless digital work-
flow. 

There are several possible performance criteria 
that have to be assessed during the design process. 
They include cost estimation, accessibility, energy, 
structure, durability, acoustics, transport, planning 
and many others. They are typically not always per-
formed in every project and particularly not in the 
same tools or by the same people. This indicates that 

their usefulness is limited, especially if each evalua-
tion demands a separate modeling of the required in-
formation. The interpretation of the results largely 
falls back on expertise of the engineers or designers 
involved in the project and are often postponed till 
fairly late in the design process. 

Here, similar contrasts between both methodolo-
gies can be witnessed. Within BIM, there are several 
efforts to embed analysis tools directly inside BIM 
applications (e.g. Graphisoft EcoDesigner or Auto-
desk Vasari), but there are also examples of analysis 
tools relying on the IFC models provided by the 
BIM software (e.g. Solibri Model Checker). In some 
cases, the model is exported directly towards exter-
nal analysis software, circumventing an intermediate 
translation format. This last approach is also more 
common in parametric design systems, where ad-hoc 
solutions from the parametric to the analysis system 
are created where required. Typical links are made 
towards Finite Element Analysis (FEA) tools such as 
ANSYS or GSA Oasis, or energy calculations (e.g. 
Energy+). 

3 BRIDGING GAPS BETWEEN PARAMETRIC 
DESIGN AND BIM 

To lessen the differences between both approaches, 
we suggest to apply BIM and Parametric Modeling 
more complementary. The BIM model can still form 
the basis for structured analysis, but the way it is 
created can be improved. 

The actual differences noted above might be ex-
aggerated for the sake of the comparison, though. 
There are some efforts to lower the gap between the 
generic geometric assembly from parametric model-
ing and external tools, requiring BIM models. 

One approach is to use BIM-compatible data 
formats, to transfer semantically richer models be-
tween both methodologies. This usually implies that 
parametric systems will need to support IFC file ex-
port to be imported into BIM software. 

In another approach, parametric building objects 
that are used to assemble projects in BIM environ-
ments are further connected and related to each oth-
er. Object creation will be steered more by rules and 
recipes, rather than by manual modeling and static 
positioning. 

3.1 Examples of integration 
Mirtschin (2011) explains how a parametric model 
can be used to generate input files in IFC format, 
which can be imported in BIM software. The focus 
of his efforts is mostly on structural analysis of 
models created in Grasshopper. By generating IFC 
geometry, he intends to improve the workflow be-
tween parametric and BIM methods. That said, some 
of the integration potential is lost due to limitations 



in current BIM applications. Even when writing val-
id IFC models, typical BIM implementations do not 
fully support all possible geometric entities. The best 
results are obtained with straight extrusions and with 
static geometry, in the form of boundary representa-
tions (breps). 

The Open Source ANAR+ system (Labelle et al, 
2009) generates scripts from a parametric model in 
Processing (Reas & Fry, 2007) and includes an op-
tion to define native model definitions for a BIM 
system, in the form of GDL-compatible scripts that 
are used when defining parametric objects in Ar-
chiCAD. This approach is thus not exchanging ge-
ometry, but the underlying recipe to re-create this 
geometry in the receiving application. 

A more recent effort is called Chameleon (url: 
http://www.grasshopper3d.com/forum/topics/chamel
eon). Here, interoperability occurs the other way 
around. Instead of generating models from a para-
metric system, a model from Revit is exported using 
the gbXML-format and then loaded inside Grass-
hopper, allowing for further manipulation and analy-
sis. 

Within the free Autodesk Vasari (url: 
labs.autodesk.com/utilities/vasari), which is still un-
der development in the Autodesk labs at the time of 
writing, a subset of the Revit software is provided 
for both analysis and parametric design, thus provid-
ing a better integration of both approaches. While 
not as extensive or flexible as a generic parametric 
system, it does provide means to use model genera-
tion features to make more dynamic and adjustable 
BIM models. 

Dynamo (url: github.com/ikeough/dynamo) is an 
open source extension for Revit and Vasari, to pro-
vide Visual Dataflow Programming directly inside 
the BIM application. Dynamo is developed using the 
.NET API of Revit, independently from Autodesk. It 
tries to provide some of the functionality of a system 
such as Grasshopper, but directly integrated into the 
BIM software. 

The most common native approach for parametric 
modeling in a BIM environment is through pro-
gramming or scripting parametric objects. In Ar-
chiCAD, they are objects written in the basic-like 
Geometric Description Language (GDL). In con-
trast, families in Revit are partly drawn using the 
feature-based sketch approach of mechanical design 
systems. Using formulas, some additional parametric 
behavior can be embedded. More recently, Ne-
metschek introduced Smart Objects inside Allplan, 
based on ArchiCAD GDL. Both companies are part 
of the same software group, but function mostly in-
dependent. However, such parametric objects are 
mostly object-based and have only limited inter-
object relationships. In Revit, such relations are 
made using dimensional constraints, whereas in Ar-
chiCAD Boolean Operations are supported between 
objects as Solid Element Operations (SEO) and 

Connections. What is mostly missing is overall con-
trol on the project level, e.g. where a single parame-
ter can steer the generation of many derived objects. 
As such, design intent is better captured in paramet-
ric design systems. 

3.2 Alternative Approach 
We want to suggest some alternative approaches, 
which could be further developed to study possibili-
ties of more extensive integration between paramet-
ric design systems and BIM applications. 

While the exchange of elaborate and complete 
models through IFC will still evolve, especially 
when more IFC-compatible and Open Source soft-
ware frameworks become available, as discussed 
above, it can be worthwhile to imagine a smaller, 
low-level approach to interoperability. 

Exchanging files will often expose severe limita-
tions in the type of information or the geometry that 
can be processed. But solutions such as ANAR+ 
show that it is possible to create native geometry, by 
exchanging the process instead of the geometry. 

Here we propose a message-passing system, 
where it is not required to exchange the full set of in-
formation of the project at once. Similar in nature to 
database transactions or the Delta-server technique 
as used in the Graphisoft BIM Server, only a small 
subset of information is required and updates can be 
transmitted frequently, as small packages of infor-
mation. 

This approach is inspired by multimedia systems, 
such as VJ and audio performance tools, where dif-
ferent software tools and hardware devices com-
municate in real-time, using simple messages. E.g. 
in the ‘80s of last century, music hardware from dif-
ferent vendors started to communicate through the 
MIDI protocol, which is still supported today, even 
between software applications. Recent developments 
for similar communications rely on protocols such as 
Open Sound Control (OSC) (url: opensoundcon-
trol.org). (Shmeder et al, 2010) describe how such a 
protocol is used to transfer temporal information in 
realtime, which is of utmost importance in audio or 
video performances. They also argue how the simple 
messages are still capable of transferring infor-
mation in a format that is compatible with Object 
Oriented Programming practices, where objects, 
properties and methods are applied. OSC and other 
protocols allow hardware devices, such as an iPad to 
control, in real-time, proprietary music performance 
systems (most notably Ableton Live), over a wire-
less network connection. These messages can be 
used between applications, running on different ma-
chines, in different operating systems, reachable 
over any network. 

The OSC protocol is already supported in Grass-
hopper system, provided through the gHowl add-on 
(url: www.grasshopper3d.com/group/ghowl). 



A comparable approach can be taken to broadcast 
not the full building information, but rather an opti-
mized subset of messages to be used by receiving 
applications.  

Initially, only a small set of messages are consid-
ered, to create, select, remove, copy, paste or trans-
form objects and to modify a particular property X 
with value Y of the selected objects. This is more or 
less the small set of required commands as described 
in (Boeykens, 2007) for a proof-of-concept imple-
mentation of a BIM-like software prototype for ar-
chitectural modeling, where the focus was on illus-
trating approaches to support design phase and scale 
level transitions in digital building models. 

The initial approach is to send creation-messages 
and store the source ID. Whenever the parametric 
system is updated, objects derived from the same 
source ID can be replaced, while retaining all other 
objects. As an alternative approach is to maintain the 
Globally Unique Identifiers (GUID) between appli-
cations, so both systems know which objects are be-
ing synchronized. However, when the receiving sys-
tem does not allow to define the GUID of an object 
(e.g. when they are auto-generated), this needs an 
additional GUID to GUID mapping. To increase de-
velopment results, existing OSC libraries are ap-
plied, to focus exclusively on the kind of infor-
mation that is worthwhile to transfer. 

There are some distinct advantages with this ap-
proach. Incompatible systems can talk to each other, 
over some network, beyond the boundaries of Oper-
ating Systems and without the need to be running on 
the same hardware. It is foreseen that one parametric 
modeling system broadcasts or emits these messages 
can control multiple applications in parallel, e.g. en-
ergy analysis and structural simulation. 

It is also not necessary that each system supports 
the same feature set or has the full geometry ex-
changed. E.g. a structural design system will only 
need node positions and node connectivity to know 
where beams and columns and plates are located. 
Similarly, an energy analysis system does not re-
quire the full geometry of rooms and spaces, but ra-
ther the connectivity between spaces. 

In addition to receiving the information from a 
controlling system, the applications can reply with 
new messages, that can be gathered in a central vis-
ualization program, where all possible output 
streams can be visualized and interpret by the user. 
An initial proof-of-concept is being created using the 
Processing system. 

It can be noted that the transfer using simplified 
messages will not fully recreate the geometry of the 
controlling application. Where necessary, it is possi-
ble to initiate the process with a more extensive 
transfer of the model as in IFC file and then sync 
this model through the messages that only modify 
objects (e.g. excluding the creation messages). How-
ever, this is untested at the moment. 

4 RECOMMENDATIONS & CONCLUSIONS 

Because of the inherent differences of both paramet-
ric design and Building Information Modeling, it is 
worthwhile to further elaborate the integration of 
these approaches in the design process, to benefit 
from advantages in both. 

To reach this goal, both approaches are being 
combined. The BIM model is still linked to perfor-
mance evaluation based on structured information in 
the building model. But the creation of the digital 
model can rely more on the parametric design para-
digms, where design intent and external information 
streams can be captured to generate models. By 
making them interoperable with BIM systems, the 
benefits of both approaches can be further combined 
into a more seamless digital workflow, where not the 
tools but the information flows are in control. 

Instead of choosing a design process based on 
particular software solutions, different applications 
are used collaboratively, while remaining independ-
ent from each other. Some attempts to solve this in-
volve inter-application linking or the embedding of 
both methods in a single application, whereas other 
efforts rely on neutral file exchanges, most promi-
nently using IFC models. 

REFERENCES 

Beetz, J., De Laat, R. D., van Berlo, L., & van den Helm, P. 
(2010). Towards an Open Building Information Model 
Server - Reports on the progress of an open IFC framework. 
DDSS (pp. 1-8). 

Boeykens, S., & Neuckermans, H. (2006). Improving Design 
Workflow in Architectural Design Applications. Interna-
tional Journal of Architectural Computing, 04(04), 1-19 

Boeykens, S. (2007). Design Phase & Scale Level Transitions 
in a Digital Building Model. PhD Thesis. KU Leuven. Re-
trieved from http://hdl.handle.net/1979/1002 

Boeykens, S., & Neuckermans, H. (2008). Representational 
Limitations and Improvements in Building Information 
Modeling. In M. Muylle (Ed.), Architecture “in computro” 
Integrating methods and techniques (pp. 35-42). Antwerpen 
(Belgium): eCAADe and Artesis University College of 
Antwerp. 

Burry, J., & Burry, M. (2010). The New Mathematics of Archi-
tecture. Thames and Hudson. 

Eastman, C., Teichholz, P., Sacks, R., & Liston, K. (2011). 
BIM Handbook - A Guide to Building Information Model-
ing for Owners, Managers, Designers, Engineers, and Con-
tractors (2nd ed., p. 648). John Wiley and Sons. 

LaBelle, G., Nembrini, J., & Huang, J. (2009). Programming 
framework for architectural design ANAR+: Object orient-
ed geometry. Joining Languages, Cultures and Visions, 
CAADFutures 2009 (pp. 771-785). Montréal (Canada): 
PUM. 

Mirtschin, J. (2011). Engaging Generative BIM Workflows. 
Collaborative Design of Lightweight Structures - LSAA 
2011 (p. 8). Sidney (Australia). 

Pauwels, P., Verstraeten, R., De Meyer, R., & Van Campen-
hout, J. (2009). Architectural Information Modelling to ad-
dress Limitations of BIM in the Design Practice. 5th Con-



ference on Information and Knowledge Management in 
Building CIB W102 2009 (p. 2). 

Reas, C., & Fry, B. (2007). Processing: A Programming Hand-
book for Visual Designers and Artists (p. 736). The MIT 
Press. 

Schmeder, A., Freed, A., & Wessel, D. (2010). Best Practices 
for Open Sound Control. Linux Audio Conference (p. 10). 
Utrecht, NL. 

Tedeschi, A. (2011). Parametric Architecture with Grasshop-
per. Edizioni Le Penseur. 

 


