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ABSTRACT: IDEA + is an “Integrated Design Environment for Architecture”. The need for 
such an environment lies in the lack of tools that address architectural design as a process and 
focus on the early design phases. 

The conceptual foundation for this environment has been laid out in a scheme with different 
design phases and scales, together with appropriate tests at different levels (Neuckermans, 
1992). This scheme has been translated into a theoretical framework, the “Core Object Model” 
(Hendricx, 2000). The ongoing research focuses specifically on the design phase and scale 
transitions (Boeykens, 2002) and on a daylighting test (Geebelen, 2001). 

The paper tries to lay out the implementation strategy for both the data-structure and a 
prototype application, which are currently in progress. The paper will discuss not only 
programming aspects but also architectural issues, which has always been one of the main 
goals for the research project. 
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1. INTRODUCTION 

The last decade has shown a transition from a traditional to a more digital architectural 
practice. Although a lot of tools are available, most of them focus on the production phase: 
construction documents and calculations (e.g. cost, heat losses and stability). Most of these 
tools require a fairly detailed knowledge ; not only about the tools, but also about the data 
input. They are used when a design is more or less finalized and can support minor 
adjustments to a design, but it is often not feasible anymore to make big changes. However, it 
is right during these early stages that decisions with a big impact to the final design still can 
be made. Early-design decisions have the largest impact on the final output and require the 
least effort. 

There is a lack of design and evaluation tools that address the early design phase. Our 
research efforts are targeted precisely at the architect in these early design phases. The 
development of IDEA+ is part of these research efforts. 

2. WHAT IS IDEA+? 

IDEA+ is an “Integrated Design Environment for Architecture”. It handles both design and 
evaluation; is targeted at the architect/designer and proposes a computer application for 
CAAD (Computer Aided Architectural Design). It is not a not a general-purpose geometric 
modeler or drafting application. The “plus” stands for the added functionality of the design 
environment, by integrating evaluation tests into the design process. 

2.1. The Conceptual Model (Neuckermans, 1992) 

The conceptual foundation for this environment has been laid out in a scheme with different 
design phases and scales, together with appropriate tests at different levels. 



Design Phases 
We distinguish between three major design phases: the Sketch Design phase (made to 
evaluate a basic design), the Preliminary Design phase (made to communicate with the client 
and/or the building authorities) and the Construction Design phase (made to communicate 
with the building contractor, on site). 
Scale Levels 
We also distinguish between three scale levels: the masterplan level (where we describe the 
site and the main building elements/blocks), the block level (where the spaces/rooms inside a 
building block are described) and the space level (which handles the separate physical 
building elements, like walls, floors, openings etc.). In theory we can extend them with 
higher and lower-scale levels, e.g. urban scale and material scale. 

 
Fig. 1. The Conceptual Model 

Tests at appropriate levels 
A designer can perform evaluations (tests) in these different design phases and/or scale 
levels. The tests are adapted to the design phase or scale level. As such, a rough test, with 
very limited parameters can be executed early in the design process, while a more elaborate 
test could be performed in a later design phase, when more detailed information is available. 

2.2. The Core Object Model (Hendricx, 2000) 

 
Fig. 2. The Entity Relationship Diagram of the Core Object Model 

The Conceptual Model has been translated into a theoretical framework, the Core Object 
Model (COM). This set out the basic class structure and internal relationships: a project 



consists of Elements, which have both architectural entities and the graphical entities used to 
represent them. The real design data lies in the architectural entities. Objects as walls, floors, 
roofs exist next to objects like spaces, activities etc… They are the basic objects a designer is 
working with. Links are used to describe relationships between elements and representations 
are used to display the data in different ways. 

2.3. The Current Research Project (OT/00/18) 

The research project consists of following topics: 
§ Finalizing the object model. 
§ Transitions between different design phases. 
§ Transitions between different levels of scale. 
§ Daylighting and insolation tests. 

The ongoing research focuses specifically on the design phase and scale transitions 
(Boeykens, 2002) and on a daylighting test (Geebelen, 2001). 

2.4. The research methodology 

The development of the Core Object Model made extensive use of the MERODE-method 
(Dedene, 1994). This software-development method helped to define the basic class structure 
and relationship-diagrams. The current research projects starts from this theoretical structure. 

Insight into the research problem is gained throughout several channels: 

§ study of current commercial CAD- and 3D-software; 
§ active participation in online forums for architects and designers using these 

applications ; 
§ study of existing and emerging standards, like STEP and IFC, but also 3D-file 

formats; 
§ use of actual design examples and simulating the design process with small design 

exercises (traditionally done as sketches on paper). 
Former experience when working in architectural practices and hands-on experience with 
several CAD- and 3D-applications helps understanding the workflow and limitations of such 
applications. 

3. THE DATA STRUCTURE 

3.1. Abstraction, Interface & Independency 

Abstraction means developing a set of generic (“abstract”) objects, that define the main 
functionality required in the data structure and then derive more specialized objects (through 
inheritance) to implement specific behavior. 

The interface of these objects is the whole of public member variables and member functions, 
as opposed to the protected and private data, that stays hidden. The implementation of an 
object uses the hidden parts, but this is not exposed to other objects (it is not part of their 
interface). The application (and the user) only works through the objects interface. 



Independency means that the knowledge from some specific class about another class is very 
limited. Both can be further elaborated independently, as long as the interface of these classes 
is respected. 

The data-structure is divided in a few “families” of classes: 
§ Base Classes, containing generic objects, lists, text, color, data types, constants, 

macro’s etc… 

§ Graphical Classes, containing objects for geometric representations and calculations, 
like points, vectors, lines, polygons, meshes, solids, but also matrices, matrix 
calculations and transformations. 

§ CAAD Classes, containing the main architectural objects, like physical elements, their 
composition and type, conceptual elements and their relationships (links). 

§ Representation Classes, which handle the connection between architectural elements 
(CAAD Entities) and the graphical entities that are used to represent them 

§ Tests: these classes describe how a test can work with the main object model 

On the application level we also have a few families of classes: 
§ Commands & Events, which contain the low level functionality needed to work with 

the object model 

§ Transitions, which describe how to go from one phase or scale to another 

3.2. The different CAAD Entities 

The CAAD Entities are the conceptual description of architectural objects. They are divided 
in Physical Elements, Spaces, Masterplan Elements, Activities, User-defined entities and 
Grids. 

The choice of building elements and their hierarchical logic is based on the specifications of 
BB/SfB (De Troyer, 1989). This provides a classification for all common building elements. 

 
Fig. 3. The Hierarchical structure for Physical Elements 

One advantage of using this classification mechanism is that we can give every single 
element already some useful information (class, function or category) by specifying its 
building code. This frees us from the need of maintaining a layer-mechanism or a very rigid 
class structure and gives the application the possibility to filter the elements (to make 
selections or when generating a representation). 

One disadvantage of this classification mechanism is that some objects could be classified in 
more then one way. By automating most of the code assignments, we try to avoid ambiguous 
coding. 



Physical Elements 
Physical Elements are all the real world building elements (walls, floors, roofs, beams etc…). 
The Core Object Model describes them as containing a type (the instance-specific data) and a 
Composition (the shared data). 

A typical example is a “Cavity wall”. The fact that it is a straight and vertical wall, defined by 
a start and ending point, is defined by its type. The value of the parameters height and length 
are unique to this instance. The material layers that define the internal structure of the wall 
are defined by the composition. Different walls can share the same composition. When we 
change the height of one wall, other walls don’t have to change, but when we change the 
definition of the composition (not choosing another composition) we change this in all walls 
sharing the same composition. 

Theoretically, we could make a hierarchical class structure, containing all kinds of elements 
in a large, tree-like structure. This gives certain problems, however. If we would derive a 
huge class structure, where every possible object type (with all possible variations) becomes a 
separate class, we would be forced to handle all possible classes in all functions that work 
with these classes: a representation would be forced to react different to every possible class 
(e.g. a straight wall, a curved wall, a flat floor, a sloped floor etc…). 

Suppose we would define a “straight wall” as containing one start and one ending point and 
also a height. This type of wall is common in most architectural CAD-software, and serves its 
purpose in most cases. The moment we would need a new type of wall (e.g. non-vertical or 
curved) we would be forced to define a new class for it and a new implementation. According 
to (Martin, 2000) this is not good programming: “Subclasses should be substitutable for their 
base classes” (the Liskov Substitution Principle). This means that an application should allow 
all classes derived from a certain base class to react in the same way and to adhere to the 
same “interface” as that base class. The application can not be aware that the “curved wall” 
uses other parameters then the “straight wall”. 

Without going into detail on our implementation, we give these “Physical Elements” some 
common parameters: 
§ A series of control points (e.g. two for a wall, one for a column, multiple for a floor 

slab); 

§ A series of additional attributes (e.g. height, thickness, slope, …); 

§ How these control points and extra attributes define a volume or shape. We can 
encapsulate this geometric translation into one single class (an algorithm), without the 
need for the application to understand what this algorithm is actually performing (it’s 
implementation stays hidden) ; 

§ Administration properties: the BB/SfB-codes, the name of the object, some indices; 

What is the advantage of such an approach? We describe a clear interface and the application 
knows how to handle it. All objects act in the same way. 

Having the hierarchy included in it’s building code (the BB/SfB-code), the application knows 
the category or class of this element and can filter selections, choose appropriate layers when 
exporting the model to an external file… When new classes of objects are introduced, no 
other parts of the application have to be rewritten or adapted. 

Spaces 
We consider spaces as a conceptual (non-physical) design entity: a volume in the model. A 
“Common Space” is the smallest volume in a project that can hold one or more activities. It 
can be a room, a corridor or a part of a room. Spaces can be grouped in “Space Assemblies” 



(e.g. a story, all office spaces, circulation space etc…). The “outside” is considered a 
particular case of a space (Hendricx, 2000). 

While creating a space, we will immediately generate some physical elements, which can 
turn into walls, floors or roofs when switching to the Space Scale Level. This allows us to 
generate the links between the Space (a conceptual element) and the physical elements that 
define its volume. 

Even when no bounding geometry is needed, we could use these physical elements to be able 
to access and manipulate the space in a coherent way. A row of columns or even a “virtual” 
wall could be a separating geometry to define the space. 

The model of (Hendricx, 2000) clearly states that spaces and physical elements are mutually 
independent. Only by defining links (relations) between these elements, interdependencies 
are introduced. 

Masterplan Element 
These are the elements used when working on the Masterplan Scale Level. They are currently 
further elaborated in a final-year dissertation at our department (Malfliet-Poelmans, 2003). 

Activity 
A Common Space and a Masterplan Element can have one or more activities that define their 
function. This is also a conceptual, non-physical element, in this case without geometry. We 
do not consider an activity to be an attribute of a space. We can define activities 
independently of the spaces (e.g. in a project library or in the project-programming phase), 
but may link spaces to activities. 

3.3. Representations  

A representation collects all connections between CAAD Entities and their Graphical 
Entities. We want the representation to be as independent as possible from both. This allows 
us to add new representation types, without the need for changes in other elements. 

Representations are also an interface to the project data. The only time a user sees the project 
data, is when a representation of that data is generated and, consequently, every change of the 
data will be executed from within a certain representation. 

How many representations do we need? 
Every combination of display-parameters, such as 2D, 3D or others, but also the scale level, 
design phase, status (existing, demolishing, new) could lead to defining (and maintaining) a 
new representation. This would quickly lead to a very large amount of representations, which 
all have a different set of graphical entities. Updating one single element would lead to a 
chain-reaction of several representations that need to be updated. 

Suppose we define five types of representation: “2Dplan”, “3Dmodel”, “text/list”, 
“hierarchy” and “relationships”. Then we have the three Scale Levels and the three Design 
Phases. This alone would lead to 5x3x3=45 different representations. If we then start making 
a distinction between “existing” and “new” (quite common in renovation projects), we double 
the amount of representations. This is clearly not manageable. 

What’s the solution? Every single viewport could host one particular representation, but the 
display of this representation could be modified (instead of generating a new one). 

It is even possible that we use external applications to host the representations. This has been 
tested before (with AutoCAD) so the possibility for integrating the data-structure with other 
applications stays open. 



Do representations share the same graphical entities? 
This is still an open question in the research project. It is possible that a simple representation 
of a wall (e.g. a line) can be shared among two or three “viewports”. By adding a reference 
count to the graphical entities we can keep track of the amount of representations that use the 
same entity. This also helps when updating, as only a single entity has to be updated (or 
replaced). 

3.4. Commands & Events 

Hendricx (2000) describes most needed “events” in a large Object Event Table (OET). By 
providing a set of micro-events or actions, we encapsulate these events in objects and a 
sequence of these actions can describe macro- like functionality. This is known as the 
Command Pattern (Gamma, 1995). This pattern also describes an approach to handle a 
command history with possible undo/redo. 

By defining these actions as part of the main data-structure, we can remove most of the 
functionality that is needed to handle the project data from the application, which makes it 
easier to implement. This is one of the steps we have to take, currently. Some of the main 
events (commands) we will need are: CREATE, REMOVE, MODIFY, SELECT (+filters), 
TRANSFORM and IMPORT/EXPORT. 

As an example, creating a space and linking it to some planar elements could be handled by a 
combination of CREATE(element) and CREATE(link, element, element) commands. 

3.5. Transitions  

Transitions between different design phases 
To allow the digital model to follow the workflow of the designer, we introduce design phase 
transitions. The gradual transition of simple elements into specialized building elements 
follows the gradual addition of detail and information while working on a project. 

à à  

Fig. 4. From Sketch to Preliminary to Construction Design Phase 
Switching between design phases doesn’t add or remove entities. It merely changes the type 
of an element and possibly chooses another composition. The reverse transition (which is 
desired for design evaluation) is different, as it may not remove the added data. The 
representation can hide this info, but once detailed data is added to a building element, it can 
not be removed. 

Transitions between different levels of scale  
The transition between scale levels is different from the transition between design phases. 
Here we actually generate new elements and make links between them. 



à à  

Fig. 5. From Masterplan to Block to Space Scale Level 
Switching between scale levels generates new elements (or updates existing ones). The 
design changes focus and works on a different hierarchical level. A reverse transition is also 
needed, but here we face a different problem: hiding the elements of a lower scale level 
(which can be performed by the representation) is not enough. Changes may have occurred, 
that influence the elements on a higher level. 

The effect of transitions on representations  
Does a transition generate a new representation or merely changes the current one? 
Does a transition changes the CAAD-Entities? 
These are open questions that still need to be answered in the research project. 

3.6. Tests/Evaluation 

Tests have to do a few things: 
§ They can query the project to generate some output (cost, volume, heat loss, etc…); 
§ They can alter properties of elements (calculated area, calculated cost/m²); 
§ They could require that elements store new data which is not available in the normal 

data-structure, like new material parameters, extra links or ID’s for certain elements. 
§ They could possibly define a new kind of representation, more suited to the test. 

Because we can’t know at implementation time what data the tests could need, a custom-
dataset can be added to objects. This allows the test to define a new dataset (a combination of 
parameters, types and values, ident ified by their name) to be added to elements and use that 
to store data in the objects themselves. This is a better solution then having a complete map 
of all objects with associated data stored by the test application. When an object is deleted, 
this data becomes obsolete and will be destroyed as well. 

Because the implementation makes place for this custom-defined data, someone 
implementing a test doesn’t need to change the rest of the application. 

By incorporating test-tools inside the main environment (instead of relying on separate 
applications, with possible file-conversion problems or re-entering data) we give all the 
evaluation power into the hands of the designer, right from the start of the design. Even with 
very preliminary data, the test should be able to generate useful information. 

Currently, the test for daylighting is in progress (Geebelen, 2003) and the basis for a cost-
estimating test, using the different design phases and scale levels has also been elaborated in 
a final year dissertation (Withouck, 2002). 

4. THE PROTOTYPE APPLICATION 

Although we don’t aim to develop a commercial-class application (which is not feasible with 
current budget and staff- limitations), we need to implement a prototype application, to 
illustrate and test the research topics. The data-structure can only provide the main building 



elements (both physical and non-physical) and hold a static snapshot of the project during the 
design. 
It is the application that is responsible for providing the interface to the project-data. It 
handles: 
§ creation, modification and removal of building elements; 
§ representation of these elements (2D, 3D or other forms); 
§ transitions between the design phases and scale levels (that alter the project-data); 
§ tests that can be performed on the project data and that give the user valuable 

information, as early as possible during the design of a project. 

4.1 Platform-dependency issues 

Although the data-structure is platform-independent, we chose to make a Windows-specific 
application. This forced us to make a clear distinction between the aspects that needed to be 
platform-independent and those that could be platform-specific. 

The platform-independent aspects contain anything that belongs directly in the data-structure: 
the object classes and the main administrative functionality: creating, modifying and deleting 
elements, reading & writing files, generating data for the representations and the transitions, 
defining the commands that are usable in a project… 

On the other hand, the platform-dependent aspects contain the actual user interface: the 
views, the document/view architecture of an MFC-application, the dialog boxes, the icons, 
the user- interface conventions (shortcuts, toolbars, menus etc…). We believe that this doesn’t 
limit the generality of the research, but makes the development faster. 

To aid in this separation, we need to make a distinction between the core functionality (that 
handles the application and the objects in an abstract way) and the implementation 
functionality (that specializes this abstract functionality into MFC-specific terms). 

When porting the application to another platform, only the implementation functionality has 
to be rewritten. 

4.2 The current development status  

In earlier prototypes, the graphical kernel was very much tied into the main data-structure and 
was not performing fast enough for larger models. We felt it would be better to make the 
object-model independent of the graphical kernel. An object “Wall” doesn’t have to be aware 
that it is represented by a solid-box, a set of polygons or even just a string of text. It is the 
task of the representations to communicate between a CAAD Entity and the graphical entities 
used to display it. We also deleted a large set of redundant functionality, by making use of 
templates. This will be even more compacted by making better use of the STL. 

The current MFC-application is still limited, but contains the framework to further implement 
transitions and representations, as set forth in the research topics. 

§ It allows the creation of a project, the main elements, a set of graphical entities and 
the main architectural elements (although with limited functionality). 

§ It contains a few representations of the data: a 2D-view (using Win32 GDI-functions), 
a 3D-view (using OpenGL) and a hierarchical view (using an MFC TreeView object). 

§ It provides the main layout of the user- interface: 

o menu and main toolbar (as in most graphical applications); 



o Create Toolbar with a list of all available design elements: Physical Building 
elements (walls, floors, roofs…) but also non-Physical Building elements 
(spaces, activities, etc…) 

o Modification Toolbar, which shows the properties of the current selection and 
it’s relationships with other elements. 

o viewports which can be a combination of plan, model and hierarchical views. 
Each viewport shows one particular representation of the model. 

 
Fig. 6. A screenshot of the current prototype of IDEA+ 

5. CONCLUSIONS 

IDEA+ is a “work- in-progress” and still needs further research. We are aware that the whole 
IDEA-project can’t be elaborated completely in one research project, but we try to lay out the 
foundation on which further research can be performed, both through new projects and 
through dedicated final-year dissertations by our architectural students. Once the main data-
structure and application are set up, it will be easier to work on specific subjects, without the 
need for reinventing the whole data-model again. We also hope to import several earlier 
projects in one coherent system. 

The prototype-application is a testing ground for the ongoing research efforts of finding 
means to help the architect-designer in the early design phases, by providing a tool that will 
follow the design process. 

The implementation addresses both the data-structure and a testing application, which is only 
partially functional at the moment. 

It has never been the intention of developing a commercial software application. This is not 
possible in the current timeframe and with current staff limits. The prototype application is a 
way to show the potential of such a design environment. 
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