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Abstract

We present the development of an Interactive Environment
System (IES). The IES is used for simulating Cell-DEVS
models built in CD++ that interact with a Building Informa-
tion Modeling(BIM) system using Autodesk Revit architec-
ture and Autodesk 3ds Max. CD++ is a modeling and simu-
lation tool that was created to study complex systems by us-
ing a discrete event cell-based approach. It was successfully
employed to define a variety of models for complex applica-
tions using a cell-based approach. The system developed has
a highly modular collection of software packages designed
to facilitate the creation of device independent simulation for
BIM. The integration of the proposed system is investigated
via the simulation of Diffusion Limited Aggregation (DLA)
which represents the growth of mold in a building wall. The
results affirmed the potential of the (IES) system for interac-
tive simulation application.

1. INTRODUCTION
The Discrete Event System Specification (DEVS) formal-

ism [1] has gained popularity to model a variety of problems
in the recent years. DEVS is a framework for the construction
of discrete-event hierarchical modular models, in which be-
havioral models (atomic) can be integrated forming a hierar-
chical structural model (coupled). The Cell-DEVS formalism
[2] extended DEVS allowing the simulation of discrete-event
cellular models. The formalism extends the traditional Cel-
lular Automata [3] by defining each cell as a DEVS atomic
model and the space as a DEVS coupled model. DEVS and
Cell-DEVS were implemented in the CD++ toolkit [3].

DEVS and Cell-DEVS were used to solve different prob-
lems in Construction and Architecture projects [4]. For suc-
cessful constructions projects, an enormous amount of data
should be collected and analyzed in the pre-design phase of
the project. Until recently, the success of this phase was de-
pendant on the experience of experts. However, the informa-
tion required to complete the project and the amount of data
that must be analyzed to complete the project is now greater
and more complex. Therefore, there is a necessity for tools

that can directly support this pre-design phase. Building in-
formation Modeling (BIM) has been considered as a tool that
can support this part of the construction project [5]. BIM has
resulted in improvements to the way architects-contractors
and fabricators have been working [6].

In order to solve different design and simulation problems
in the field of Building Information Modeling, it is important
to be able to produce prototype solutions easily and quickly.
The Interactive Environment System (IES) that we present
here provides a reconfigurable system to support the simula-
tion of BIM that can run in a Cell-DEVS environment and
then feedback the output result of Cell-DEVS Simulation to
the BIM system. We decided use a modeling and simulation
toolkit CD++ for Cell-DEVS [3], and Autodesk Revit archi-
tecture and Autodesk 3ds Max toolkits for BIM [7, 8]. We
show a Cell-DEVS/BIM integration and describe a prototype
implementation in the form of a BIM add-in tab for Cell-
DEVS simulation, and then visualize the output simulation
of Cell-DEVS on the BIM model.

We have surveyed the available systems to see if it supports
our proposal, such as Bentley Architecture, Graphisoft Archi-
CAD, VectorWorks Architect, Autodesk Revit Architecture,
and Autodesk 3ds Max [7–11]. These systems allow us to
use Building Information Modeling applications and present
a 3D visualization that improves the productivity in building
design and construction.

Section 2 of this paper describes the background of Dis-
crete Event Systems Specification (DEVS) ,Cell-DEVS mod-
eling simulation approach, and Building Information Mod-
eling (BIM). Section 3 and Section 4 discuss the simulation
of Building Information Modeling (BIM)and the 3D visual-
ization of this simulation on a modeling example. Finally a
conclusion of this research is presented in Section 5.

2. BACKGROUND
Discrete Event systems Specification (DEVS) is a system

that allows us to define hierarchical modular models [2]. As
shown in Figure 1, a real system

modeled using DEVS can be represented as a set of atomic
or coupled submodels. The atomic DEVS model is defined
as:

M =< X, S, Y, δint , δext, λ, ta>



Figure 1. DEVS Atomic Model semantics

whereX is the input events set,S is the state set,Y is the
output events set,δint is the internal transition function,δext is
the external transition function,λ is the output function, and
ta is the time advance function.

The atomic model can be considered as the base element
in which we define dynamics of any system, while the cou-
pled structural model consists of one or more atomic and/or
coupled models. Coupled models are defined as a set of basic
components (atomic or coupled).The coupled model can be
defined as:

CM =< X, Y, D, {Md ∣ d ∈ D}, EIC, EOC, IC, select>

where X is the input events set, Y is the output events set, D is
the set of component names,Md is a DEVS basic model(i.e.,
atomic or coupled), EIC is the set of external input couplings,
EOC is the set of external output couplings, IC is the set of
internal coupling, and select is the tie-breaker function.The
coupled model explains how to convert the outputs of a model
into inputs for the other models, and how to handle input-
s/outputs to and from external models.

Figure 2. A Cell-DEVS atomic model with transport delay

Cell-DEVS [12] has extended the DEVS formalism, allow-
ing us to implement cellular models with timing delays. Once
the behavior of a cell is defined, a coupled Cell-DEVS can be
created by interconnecting a number of cells with their neigh-
bors. Each cell is defined as a DEVS atomic model, as shown
in Figure 2.

Each cell uses N inputs to compute its next state. These
inputs, which are received through the model’s interface, ac-
tivate a local computing function (τ). A delay (d) can be asso-
ciated with each cell. A coupled Cell-DEVS model is the re-
sulting array of cells (atomic models) with given dimensions,
borders, and zones (if applicable). Cell-DEVS were imple-
mented using CD++. CD++ has solved a variety of complex
problems [13,14].

The basic features of the CD++ toolkit can be shown by
providing an example of an application. Figure 3 shows the
definition of a maze solving algorithm example as an appli-
cation of such models.

Figure 3. Definition of the maze game

In the example of the maze, the rules are as follows:

∙ If the cell is a wall cell, the cell remains a wall cell.

∙ If the number of neighborhoods of a cell is three or more,
the cell becomes a wall cell.

When the maze model is executed using these rules, all
non-solution paths in the maze are closed successfully. One
example of the initial cell state to the maze and the final
steady state of the given initial maze cells is shown in Fig-
ure 4.

(a) (b)

Figure 4. (a)Initial State of Maze (b)Final State of Maze



A Building Information Modeling (BIM) is the process of
generating and managing building data during the life cycle
of the project [15]. BIM uses three-dimensional, real-time,
dynamic building modeling software to increase productiv-
ity in building design and construction. BIM allows us to get
better and accurate constructional projects with minimized fi-
nancial costs [16].

BIM software creates parametric 3D models instead of 2D
perspective drawings and operates on a digital database where
any change made to this database will be reflected in the
whole drawing produced. BIM is often associated with IFCs
(Industry Foundation Classes) which are data structures used
to represent information used in BIM. IFCs were developed
by the International Alliance for Interoperability [17].

BIM is considered as an important improvement to the way
architects-contractors and fabricators have been working[6]
in that it allows us to minimize conflicts between them, and
present a 3D visualization of the building during design and
fabrication. Therefore, errors made by design team can be
minimized, resulting in costs reduction.

There are different simulation applications for BIM such
as IDA Indoor Climate and Energy (IDA ICE) and Design-
Builder Software [18, 19]. IDA Indoor Climate and Energy
(IDA ICE) is a dynamic simulation application that allows
us to calculate the thermal indoor climate of individual zones
and the energy consumption of the entire building. Design-
Builder Software is a simulation software used to check build-
ing energy consumption, CO2 emissions, and more building
environmental.

3. SIMULATION OF BUILDING INFOR-
MATION MODELING (BIM)

To use Cell-DEVS simulation for Building Information
Modeling (BIM) models, we built an Interactive Environment
System (IES). IES is composed of IESRevit and IESMax.
IES Revit is a piece of software, used to integrate BIM and
Cell-DEVS, whereas IESMax is used to visualize the out-
put simulation results on BIM models. IESRevit will be dis-
cussed in this section and IESMax will be discussed in Sec-
tion 5. To build IESRevit, there are two main phases:

∙ Receive the required data to be simulated from the BIM
model.

∙ Simulate the received data of the BIM model by using
Cell-DEVS.

For first phase we used Autodesk Revit Architecture [7] as
the implementation software for BIM. This part of the Inter-
active Environment System for Revit (IESRevit) was written
in Visual C# that provides a graphical user interface invoked
in Autodesk Revit Architecture (Add-in tab). IESRevit sends
data to be simulated and visualized in Cell-DEVS.

In the second phase we use CD++ as an implementa-
tion software for Cell-DEVS. CD++ is a toolkit that models
complex systems using a discrete event cell-based approach.
CD++ provides 2D and 3D visualization using VRML and
Java [20]. 2D and 3D visualization enables visualization of
Cell-DEVS models so that the output of our simulation model
will be visualized. Figure 5 shows how IESRevit interfaces
with CD++, Revit Architecture, and other software libraries.

Figure 5. IES Revit Software hierarchy

3.1. Receiving BIM data
AutoDesk Revit Architecture is a Parametric Building In-

formation Modeling (BIM) tool, in which we can build 3D
models and 2D drawings. We can develope different tasks us-
ing Revit API. The Revit API allows us to create and delete
different model elements like floors, walls, and more. We
also use Revit API to get different model parameter data and
model model graphical data. Revit Platform API applications
can be develop using Visual C# or VB.NET. We decide to use
Visual C# for our system.

We create a ’SendToDEVS’ class library to be invoked in
the add-in tab of AutoDesk Revit Architecture. On the Add-
Ins tab, ’SendToDEVS’ appears in the External Tools menu-
button, as shown in Figure 6. The SendToDEVS is responsi-
ble to execute the program to get the required parameters and
send it to Cell-DEVS to be simulated.

SendToDEVS includes two functions:

∙ The GetParameter function, and

∙ The WriteMacro function

SendToDEVS receives the required parameters of the cho-
sen item (e.g. a wall) in the active Revit document by call-
ing the GetParameter function. The GetParameter function
receives the parameters of the selected element in the active
document of Autodesk Revit architecture. The GetParameter
function sends the parameters to the WriteMacro function.
The WriteMacro function is responsible to write the value
of the received parameter of the chosen element of the active



Figure 6. IES Revit Interface

Revit document into RevitMacro.inc file. The RevitMacro.inc
file now contains the new value, which will be simulated in
Cell-DEVS. The RevitMacro is explained briefly in Subsec-
tion 3.2. If we choose another element in the same active doc-
ument and click the SendToDEVS add-in tab in the External
Tools menu-button, the GetParameter function will receive
the new parameters of the new selected element. Then the
WriteMacro function will write the new value of the received
parameter into the RevitMacro.inc file to be modified.

Finally to invoke the application into AutoDesk Revit Ar-
chitecture, we should modify the Revit.ini file to register it
into Revit by adding the following code to the end of the ex-
isting code of Revit.ini file:

ECCount=1
ECName1=SendToDEVS
ECClassName1 = I n t e g r a t i o n . CS . SendToDEVS
ECAssembly1=C:∖ Rev i t∖ b in∖Debug∖SendToDEVS . d l l
E CDescr ip t i on1=Send M a t e r i a l Param ete rs to CD++

3.2. Simulation of the received BIM data
Diffusion Limited Aggregation occurs when diffusing par-

ticles stick to and progressively enlarge an initial seed repre-
sented by a fixed object. The seed typically grows in an ir-
regular shape resembling frost on a window [21]. We use the
Cell-DEVS Diffusion Limited Aggregation (DLA) model as
an example of a Cell-DEVS simulation. The DLA model is
defined using CD++ toolkit. CD++ includes an interpreter for
a specification language that describes Cell-DEVS models. A
set of rules is used to define the specification language. Each
rule indicates the output value for the cell’s state after satis-
fying the precondition in this rule. These rules are performed
sequentially until one rule produces the solution. Figure 7il-
lustrates the architecture of the IESRevit. We have modified
the Cell-DEVS model of DLA [22] by using a macro defini-
tion. We use the macro definition to read the parameters value
received from BIM model. We have defined a revit-macro in
the main .ma file (model file) of DLA. The model file (.MA)

allows us to define the behavior of Cell-DEVS models. This
model file reads the initialization data from a .VAL file. The
val file has the initial values of each cell of the model in the
simulation. The log file is generated when we ran the simula-
tion. The output simulation could be shown in 2D visualiza-
tion using CD++ modeler tool of CD++ toolkit.

Figure 7. BIM/Cell-DEVS architecture

The DLA model is represented by two types of particles;
fixed particles (seeds) and mobile particles. There are one or
more seeds in each DLA Cell-DEVS model. A cell that has
a seed is fixed and has a value equal to 5. There are a mo-
bile particle percentage of the cells in each DLA Cell-DEVS
model. A mobile particle can move according to its value in
four directions: up (1), right (2), down (3) and left (4). We set
an initial value from 1 to 4 randomly to occupy the cells in
a certain concentration. This concentration is calculatedand
obtained in the Rivet Macro from the BIM model.
% i n i t i a l i z e t h e c e l l s w i th mobi le p a r t i c l e s
% in t h e range wi th va lue of c o n c e n t r a t i o n
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 ) = −1

and random< #macro ( Rev i t )}

The following rule presents that fixed particles remains
fixed:
% f i x e d p a r t i c l e s rem a ins to be f i x e d
r u l e : 5 100 { ( 0 , 0 )=5 }

The following rules present the moving of mobile particles:
- A cell has a mobile particle with value equal one can move
to the above empty cell if there is no other mobile particle
trying to move in to this empty cell.
% d i r e c t i o n = 1 ( up )
% s t a y and change d i r e c t i o n when nowhere to move
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=1

and (−1 ,0) !=0}
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=1

and (−1 ,0)=0 and ( ( (−2 ,0)=3 and (−2 ,−1)!=5
and (−3 ,0) !=5 and (−2 ,1) !=5) or ((−1 ,−1)=2
and (−1 ,−2)!=5 and (−2 ,−1)!=5 and (0 ,−1) !=5)
or ((−1 ,1)=4 and (−2 ,1) !=5 and (−1 ,2) !=5
and ( 0 , 1 ) ! = 5 ) )}

% move o t h e r w i s e
r u l e : 0 100 { ( 0 , 0 )=1 and (−1 ,0)=0 and t}

- A cell has a mobile particle with value equal two can move
to the right empty cell if there is no other mobile particle try-
ing to move in to this empty cell.



% d i r e c t i o n = 2 ( r i g h t )
% s t a y and change d i r e c t i o n when nowhere to move
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=2

and (0 , 1 ) !=0}
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=2

and (0 , 1 )=0 and ( ( ( 0 , 2 ) = 4 and (−1 ,2) !=5
and ( 0 , 3 ) ! = 5 and ( 1 , 2 ) ! = 5 ) or ((−1 ,1)=3
and (−1 ,0) !=5 and (−2 ,1) !=5 and (−1 ,2) !=5) )}

% move o t h e r w i s e
r u l e : 0 100 { ( 0 , 0 )=2 and (0 , 1 )=0 and t}

- A cell has a mobile particle with value equal three can move
to the down empty cell if there is no other mobile particle
trying to move in to this empty cell.

% d i r e c t i o n = 3 ( down )
% s t a y and change d i r e c t i o n when nowhere to move
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=3

and (1 , 0 ) !=0}
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=3

and (1 , 0 )=0 and ( ( 1 , 1 ) = 4 and ( 0 , 1 ) ! = 5
and ( 1 , 2 ) !=5 and ( 2 , 1 ) !=5 )}

% move o t h e r w i s e
r u l e : 0 100 { ( 0 , 0 )=3 and (1 , 0 )=0 and t}

- A cell has a mobile particle with value equal four can move
to the left empty cell if there is no other mobile particle trying
to move in to this empty cell.

% d i r e c t i o n = 4 ( l e f t )
% s t a y and change d i r e c t i o n when nowhere to move
r u l e : { round ( un i fo rm ( 1 , 4 ) )} 100 { ( 0 , 0 )=4

and (0 ,−1)!=0}
% move o t h e r w i s e
r u l e : 0 100 { ( 0 , 0 )=4 and (0 ,−1)=0 and t}

- A cell has a mobile particle becomes fixed if there is an
adjacent fixed particle cell.

% t h e p a r t i c l e becomes f i x e d i f an a d j a c e n t c e l l
% c o n t a i n s f i x e d p a r t i c l e
r u l e : 5 100 { ( 0 , 0 ) >0 and (0 ,0)<5 and

(( −1 ,0)=5 or (0 ,−1)=5 or (0 , 1 )=5 or (1 , 0 )=5 )}

We assume a DLA Cell-DEVS model with two initial
seeds. The concentration percentage of mobile particles will
vary due to the material parameter type value received from
BIM. We ran the simulation for two different materials for the
specified two seeds DLA Cell-DEVS model; one for concrete
and the other for brick. We assume that the percentage of con-
centration will be 30% for the concrete material and 40% for
the brick material. The simulation output of each run for the
concrete and the brick is shown in Figure 8 and Figure 9 re-
spectively.

4. 3D VISUALIZATION DESCRIPTION
IES Max is used to visualize the output simulation results

of BIM models. IESMax is implemented by using Autodesk
3ds Max [8]. Autodesk 3ds Max is used because it supports
BIM and has a great 3D environment scene. Figure 10 il-
lustrates how IESMax interfaces with CD++, 3ds Max, and
other software libraries.

(a) (b)

Figure 8. (a)Initial state for 30% concentration (b)Final
state for 30% concentration

(a) (b)

Figure 9. (a)Initial state for 40% concentration (b)Final
state for 40% concentration

4.1. IES Max Configuration
We build a graphical display output using 3D visualiza-

tion tools. We decided to expand our visual environment us-
ing Autodesk 3ds Max. Autodesk 3ds Max is a powerful ap-
plication for 3D modeling and animation, using special ef-
fects and rendering. 3ds Max allows users to create 3D an-
imation and visual effects. More functions can be added to
Autodesk 3ds Max by using MAXScript. MAXScript is a
built-in script language that facilitate the creation of func-
tions and tools to enhance 3ds Max efficiently. We used 3ds
Max modeling and animation toolkit to create 3D visual en-
vironments for Cell-DEVS Simulation of Diffusion Limited
Aggregation as example. IESMax is an application written
in MAXScript that provides a graphical user interface that al-
lows CD++ files (*.ma and *.log files) to interact with 3ds
Max, and to visualize the corresponding Cell-DEVS simula-
tion in a 3D visual environment scene of the BIM model. This
BIM model, which is exported as FBX file(type of Autodesk
file formats) from Autodesk Revit Architecture, is imported
in the 3ds Max. Then IESMax animates the 3D visual scene
file in accordance with the CD++ files.

Figure 11 illustrates the architecture of the IESMax. We
use the ReadMa function to read the model file (.MA) of the
Cell-DEVS model, which contains the definition of behavior
of Cell-DEVS models and the initial data or the path of the



Figure 10. Software hierarchy

val file (.val). The val file has the initial values of each cell
of the model in the simulation. So the ReadMa function has
the initial status of the Cell-DEVS. The ReadLog function
is used to read the log file (.log) of the Cell-DEVS model,
which contains all the steps of output simulation results with
time. So the ReadMa function has all the status during the
simulation lifetime and the final simulation results. Finally,
the Draw function draws the collected simulation data in the
3d Max visualization scene.

Figure 11. IES Max architecture

IES Max consists of Graphical User Interface (GUI). This
GUI, as shown in Figure 12, is the graphical interface that
requests the user to select a particular file. The GUI consists
of 4 buttons. The”Select Ma File” button is used to open the
*.ma file corresponding to the file name provided for read-
ing the dimension of the Cell-DEVS and the val file which
contains the initial values for the simulation, and ”SelectLog
File” button is used to open the *.log file corresponding to
the file name which is provided for reading the output of the
Cell-DEVS simulation. The”ExecuteLog” button is used to
execute and display the 3D visualization scene in which 3D
models are created to be animated due to the data loaded from
the ma and val files. Finally, the”Clear” button is used to re-

move all objects in the Display Window to run another simu-
lation model if needed.

Figure 12. IES Max 3ds Max Interface

IES Max allows us to create a 3D visualization from the
CD++ files Created by CD++ toolkit. 3ds Max has implicit
support for hardware accelerated rendering. The 3ds Max vi-
sualization tool provides basic services that enable simple vi-
sualizations, including design and implementation of a graph-
ical user interface based on the MAXScript within 3ds Max
toolkit.

4.2. IES Max Implementation
We use the MAXScript language which is the 3ds Max

Toolkit script for writing the program to initialize the GUI
interface window for the 3D visualization scene. The GUI
consists of four buttons:

- The”Select Ma File” button is designed for selecting and
opening the *.ma file.

- The”Select Log File” button is designed for selecting and
opening the *.log file.

- The ”ExecuteLog” button is designed for executing the 3D
visualization in the Display Window.

- The ”Clear” button is designed for clearing the 3D visual-
ization in the Display Window from any object if you
need to run another simulation model.

We use the ReadMa function and the ReadLog function for
reading output simulation data of CD++ file, and Draw func-
tion for displaying the 3D visualization. The ReadMa func-
tion is used to read the *.ma file which contains the dimen-
sions of the simulation model and the val file name, then re-
format it to be used in the required argument that passed to
the ReadVal function. The ReadVal function is used to read



the *.val file which contains the initial values of each object
from the simulation model and reformat it to be used in the re-
quired argument that passed to the Draw function. The Read-
Log function is used to read the *.log file which contains time
and position of each object from the simulation model and
reformat it to be used in the required argument that passed
to the Draw function. The Draw function is used to create ob-
jects and display the 3D visualization of the CD++ simulation
model in the Display window of 3ds Max. The Draw function
receives the dimension of the simulation model which con-
trols the size of the drawing area and the position of each cell
to be drawn in the specified location.

5. CONCLUSIONS
This paper describes our implementation of the Interactive

Environment System (IES) as an integration of Cell-DEVS
formalism into Building Information Modeling (BIM). Cell-
DEVS approach can be applied to improve the development
of Building Information Modeling. CD++ is used as a toolkit
for Cell-DEVS models. We use Autodesk Revit Architecture
and 3ds Max as toolkits for BIM. We implemented IESRevit
as an integration between BIM into Cell-DEVS simulation.
The output simulation result of the Cell-DEVS model has
been visualized in 3ds Max using IESMax.

The Diffusion Limited Aggregation (DLA) model exam-
ple was used to verify the feasibility of combining these two
technologies by using IES.
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