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Abstract: Multimodeling concepts allow designers of complex sys-
tems to organize their work better and to address the different com-
ponents of a given system at the right level of abstraction. Agent-
based modeling and simulation allows defining the behavior of the 
different components in a complex application with ease, allowing 
one to focus on the particular behavior of the different entities in the 
model. These concepts, pioneered by Prof. Ören, have had an im-
portant impact in the field of modeling and simulation. Here we 
show how to use these ideas in combination with the DEVS formal-
ism invented by Prof. Zeigler, in order to build complex spatial 
models with focus on building construction and evacuation process-
es. 

Introduction 

Prof. Ören is a pioneer in the fields of Multimodeling and Agent-
Based Modeling and Simulation. In [1] he introduced the concepts 
of extension and generalization for multimodel formalisms, includ-
ing formal M&S like DEVS (Discrete Events Systems specifica-
tions) [2]. According to [3], a multimodel can be defined as a modu-
lar mathematical entity that subsumes multiple submodels that 
together represent the behavior of the model. Multimodels, intro-
duced in [2], were extended in [4] to facilitate generalization of dis-
continuity in piecewise continuous systems. 
 
The work of Prof. Ören in the area of agent-based simulation is ex-
tensive; in particular, we are interested in human behavior modeling, 
like in [5]. In [3], Profs. Ören and Yilmaz define a detailed taxono-
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my on agent-based multimodeling methodologies. The idea is that 
agent-based simulation allows defining entities (the agents) that can 
perceive and reason about their environment and provide responses 
in order to achieve a goal.  
 
Our objective is to apply these ideas to the field of evacuation simu-
lation processes. In recent years, many simulation models of real 
systems have been represented as multimodels with agents in the 
shape of cell spaces [6, 7, 8]. In particular, evacuation processes are 
important applications, and a necessary step in building design. 
Evacuation simulation is useful for various reasons, such as prevent-
ing collapse during evacuation and reducing building evacuation 
time. Small changes in in the building design can result in having 
important differences, thus, simulation can be used for studying the 
influence of changing the location of stairways or adding sufficient 
emergency exits to ensure that the building can be evacuated rapidly. 
In such cases, the models can be built using an agent-based approach 
for the behavior of the individuals (who need to find the closest exit, 
might exhibit panic behavior, might need to meet with friends and 
family or gathering their property; the behavior of the agents should 
be properly modeled). Using a multimodel approach is important, as 
different entities at different levels of abstraction exist: individuals, 
flocks of individuals, buildings, corridors, rooms, and stairs, eleva-
tors, obstacles, and even complete city sections. By first creating a 
virtual version of the building, it is possible to test many different 
designs to get important measurements such as evacuation time to 
find the best design. This way, potential problems and can be avoid-
ed and fixed before construction begins. A multimodel approach and 
the definition of varied behavior of the agents being evacuated can 
help in developing a better design.  
 
In this chapter we will discuss how to address these issues, by defin-
ing multimodels that can be represented as cell spaces, in which 
agents represent the behavior of the evacuating agents, and their ap-
plication in different construction scenarios. We focus on 2D and 3D 
visualization of the simulation results in order to make the models 
easier to understand and analyze. 
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According to the taxonomy in [3], our model can be included in the 
following categories: 

- According to the number of submodels , it’s a multiaspect 

model, as there are various submodels active at the same 
time (one per individual at least; we also have models speci-
fying stairs and exits in a building) 

- Based on the model’s variability, it’s a static-structure mul-
timodel (representing the building as a cell space, and indi-
viduals moving to each cell) 

- In terms of the nature of knowledge to activate the models, it 
is an adaptive multimodel, as the submodels behavior is 
driven by constraints (space, obstacles, building floor plan, 
panic, etc.) 

- The location of the knowledge to activate the submodels is 
within the multimodel; therefore, we can say this is an active 
multimodel. 

 
Multimodels in DEVS and Cell-DEVS  

A popular multimodel method to describe agents that have spatial 
properties is called Cellular Automata (CA), a well-known formal-
ism to describe cell spaces in which individual agents are spatially 
located in cells in a 2 or 3D spaces [9, 10]. CA, defined as infinite n-
dimensional lattices of cells whose values are updated according to a 
local rule. Cell-DEVS [11, 12] was defined as a combination of cel-
lular automata and DEVS (Discrete Events Systems specifications) 
[2]. The goal is to improve execution speed building discrete-event 
cell spaces, and to improve their definition by making the timing 
specification more expressive.  
 
DEVS is a systems theoretical approach that allows the definition of 
hierarchical modular multimodels. A real system modeled using 
DEVS can be described as a set of atomic or coupled submodels. 
The atomic model is the lowest level and defines dynamics, while 
the coupled are structural models composed of one or more atomic 
and/or coupled models. DEVS is a formalism proposed to model 
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discrete events systems, in which a model is built as a composite of 
basic (behavioral) models called atomic that are combined to form 
coupled models. A DEVS atomic model is defined as: 

M = < X, S, Y, INT, EXT, , ta > (1) 

Where X represents a set of input events, S a set of states, and Y is 
the output events set. Four functions manage the model behavior: 
INT the internal transitions, EXT the external transitions,  the out-
puts, and D the duration of a state. Each atomic model can be seen 
as having an interface consisting of input (X) and output (Y) ports to 
communicate with other models. Every state (S) in the model is as-
sociated with a time advance (ta) function, which determines the du-
ration of the state. Once the time assigned to the state is consumed, 
an internal transition is triggered. At that moment, the model execu-
tion results are spread through the model’s output ports by activating 

an output function (). Then, an internal transition function (INT) is 
fired, producing a local state change. Input external events are col-
lected in the input ports. An external transition function (EXT) speci-
fies how to react to those inputs. 
 
Once an atomic model is defined, it can be incorporated into a cou-
pled model is defined as:  

CM = < X, Y, D, {Mi}, {Ii}, {Zij}, select > (2) 

Each coupled model consists of a set of D basic models Mi. The list 
of influences Ii of a given model is used to determine the models to 
which outputs (Y) must be sent, and to build the translation function 
Zij, in charge of converting outputs of a model into inputs (X) for 
the others. An index of influences is created for each model (Ii). For 
every j in the index, outputs of model Mi are connected to inputs in 
model Mj. Coupled models are defined as a set of basic components 
(atomic or coupled), which are interconnected through the models’ 

interfaces. The models’ coupling defines how to convert the outputs 

of a model into inputs for the others, and how to handle in-
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puts/outputs from/to external models. The select function decides 
how to deal with simultaneous events. 
 
Cell-DEVS extended the DEVS formalism, allowing the implemen-
tation of cellular models with timing delays. In Cell-DEVS, each 
cell of a cellular model is defined as an atomic DEVS. Cell-DEVS 
atomic models are specified as: 

TDC = < X, Y, S, θ, N, delay, d, INT, EXT, , , D > (3) 

Each cell will use N inputs to compute the future state S using the 
function. The new value of the cell is transmitted to the neighbors 
after the consumption of the delay function. Delay defines the kind 
of delay for the cell, and d its duration. The outputs of a cell are 
transmitted after the consumption of the delay.  
 
Once the cell atomic model is defined, they can be put together to 
form a coupled model. A Cell-DEVS coupled model is defined by: 

GCC = < Xlist, Ylist, X, Y, n, {t1,...,tn}, N, C, B, Z > (4) 

The cell space C defined by this specification is a coupled model 
composed by an array of atomic cells with size {t1 x...x tn}. Each cell 
in the space is connected to the cells defined by the neighborhood N, 
and the border (B) can have different behavior. The Z function al-
lows one to define the internal and external coupling of cells in the 
model. This function translates the outputs of output port m in cell 
Cij into values for the m input port of cell Ckl. The input/output cou-
pling lists (Xlist, Ylist) can be used to interchange data with other 
models. 
 
The CD++ tool [12, 13] was developed following the definitions of 
the Cell-DEVS formalism. CD++ is a tool to simulate both DEVS 
and Cell-DEVS models. Cell-DEVS are described using a built-in 
specification language, which provides a set of primitives to define 
the size of the cell-space, the type of borders, a cell’s interface with 

other DEVS models and a cell’s behavior. The behavior of a cell 
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(the function of the formal specification) is defined using a set of 
rules of the form: VALUE DELAY  CONDITION. When an external 
event is received, the rule evaluation process is triggered to calculate 
the new cell value. Starting with the first rule, the CONDITION is 
evaluated. If it is satisfied, the new cell state is obtained by evaluat-
ing the VALUE expression. The cell will transmit these changes af-
ter a DELAY. If the condition is not valid, the next rule is evaluated 
repeating this process until a rule is satisfied. 
 
The specification language has a large collection of functions and 
operators. The most common operators are included: Boolean, com-
parison, and arithmetic. In addition, different types of functions are 
available: trigonometric, roots, power, rounding and truncation, 
module, logarithm, absolute value, minimum, maximum, G.C.D. and 
L.C.M. Other available functions allow checking if a number is inte-
ger, even, odd or prime. In addition, some common constants are de-
fined. Figure 1 shows the definition of a very simple example of the 
definition of such models. 
 

[life] 
size:(20,20) delay:transport border:wrapped 
neighbors : (-1,-1)(-1,0)(-1,1)(0,-1)(0,0)(0,1)(1,-1) (1,0) (1,1) 
localtransition : life-rule 
 
[life-rule] 
Rule: 1 10 {(0,0)=1 and (truecount=3 or truecount=4) } 
Rule: 1 10 { (0,0) = 0 and truecount = 3 } 
Rule: 0 10 { t } 

Fig. 1. Definition of the Life game in CD++. 

 
The rules in this example say that a cell remains active when the 
number of active neighbors is 3 or 4 (truecount indicates the number 
of active neighbors) using a transport delay of 10 ms. If the cell is 
inactive ((0,0)=0) and the neighborhood has 3 active cells, the 
cell activated (represented by a value of 1 in the cell). In every other 
case, the cell remains inactive (t indicates that whenever the rule is 
evaluated, a True value is returned). 
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Agents for evacuation processes in Cell-DEVS 

In recent years, models for building evacuation have been developed 
to assist rescue and emergency response crews with proper situation 
analysis and prompt reaction procedures. The ability to simulate and 
represent such situations increases training efficiency and creates an 
opportunity to understand the evacuation process better. The goal is 
to learn where the bottlenecks can occur, and which solutions are ef-
fective to prevent congestion during evacuation [6, 7, 8]. The basic 
idea of the model was to simulate the behavior and movement of 
every single agent (a person) involved in the evacuation process us-
ing a multimodel approach [14]. We defined a Cell-DEVS model 
with various rules to characterize a person's behavior: 
 
 People try to move towards the closest exit. 
 A person in panic might move in the opposite direction to the exit. 
 People move at different speeds. 
 If the way is blocked, people can decide to move away and look 

for another way. 
 
We used two planes to represent this spatial model: one for the floor 
plan of the building and to represent the people moving, and the oth-
er for the orientation towards the exits, as we can see in Figure 2.  
 

 
Fig. 2. (a) Orientation layer: potential value (b) Individuals. 
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Each cell in the grid represents 0.4 m2 (one person per cell). The co-
ordinates of each object are divided into two: Boundaries and peo-
ple, and Objects (i.e. walls, chairs, columns, etc.). The orientation 
layer contains information that serves to guide persons towards the 
exits. We assigned a potential distance to an exit to every cell of this 
layer. The persons will move for the room trying to minimize the po-
tential of the cell in which they are. That is, the people to a cell with 
decreasing potential. Each cell can contain different values: exits 
(value = -2), obstacles (value = -1), distance to the exit (positive val-
ue in the first plane), and information about the individuals in the 
cell. The individuals’ information is represented by a six digit value, 
in which each digit represents a different property, as follows.  
 
Digit  Property 
6 Next movement direction. 1:W; 2:SW; 3:S; 4:SE; 5:E; 

6:NE; 7:N; 8:NW 
5 Speed (cells per second: 1 to 5)  
4 Last movement direction, it can vary from 1 to 8 (as digit 

#6) 
3 Emotional state: the higher this value is the lower the 

probability that a person gets in panic and changes direc-
tion. 

2 Number of movements to increase the potential of a cell. 
If a person moves this number of times, the person, which 
is now in panic, can move into a different direction in 
which the potential is increased. 

1 Panic Level, representing the number of cells that a per-
son will move in increasing direction of potential. 

Table 1. Values used to represent the agents behavior  

 
For instance, a cell with a value of 009121 represents an individual 
going to the W (first digit =1), at a speed of 4.5 km/h (two cells per 
second, each cell is 0.4 m long), the last movement was W (the indi-
vidual is keeping the current direction), a stable emotional state, the 
current panic level is 0 (no panic), and the person will not change 
the direction of potential. A person moves to decrease the movement 
potential by decreasing the distance to the exit. If there is no availa-



9 

 
 
ble move that will decrease the potential, a person will try to move 
to a neighboring cell that has the same potential. If none is available, 
the person will move further away in an attempt to find another 
route.  
 
Figure 3 shows a subset of the rules used for evacuation model in 
CD++. We first define the Cell-DEVS multimodel (two layers, 
18x18 cells each). The model uses inertial delays (which allows 
preemption, which is needed because we have to The first set of 
rules in the figure defines the path taken by a person using the orien-
tation plane. The basic idea is to take the direction decreasing the 
potential of a cell, building a path following the lower value of the 
neighbors. We use eight different rules to control the people’s 

movement, one for each direction. In all cases, the rules analyze the 
8 near neighbors to understand what direction the person should 
take. We use a random direction (randint) when the near neighbors 
have the same value. The second set of rules model panic: a person 
in panic will take a wrong path or will not follow the orientation 
path. In that case, the direction is calculated by taking the path 
where the cell’s potential is increased.  

 
[evacuation] 
dim : (18,18,2)        delay : inertial       border : wrapped 
localtransition : EvaRule 
neighbors : (-1,-1,0) (-1,0,0) (-1,1,0) (0,-1,0) (0,0,0) (0,1,0) 
(1,-1,0) (1,0,0) (1,1,0) (-1,-1,1) (-1,0,1) (-1,1,1) (0,-1,1) ... 
 
[EvaRule] 
% Rules to govern people movement 
rule : {trunc((0,0,0)/10)*10+1} {1000 / remainder(  
         trunc((0,0,0) /10),10) } {((0,0,0)>0 AND   
          remainder(trunc((0,0,0)/1),10) =0 AND remainder(trunc(  
            (0,0,0)/100000),10) =0 AND ((0,-1,0)=0 OR (0,-1,0)=-2)  
        AND cellPos(2)=0 )AND (((0,-1,1) <= (1,-1,1) OR (1,-1,0)>0  
         OR (1,-1,0)=-1 OR (randint(5)=0)) AND ((0,-1,1)<= (1,0,1)     
          OR (1,0,0)>0 OR (1,0,0)=-1 OR (randint(5)=0) ) AND  
        ((0,-1,1) <= (1,1,1) OR (1,1,0)>0 OR (1,1,0)=-1 OR  
          (randint(5)=0)) AND ((0,-1,1)<= (0,1,1) OR (0,1,0)>0 OR  
            (0,1,0)=-1 OR (randint(5)=0)) AND ((0,-1,1)<=(-1,1,1)  
              OR (-1,1,0)>0 OR (-1,1,0)=-1 OR (randint(5)=0) ) AND   
               ((0,-1,1) <= (-1,0,1) OR (-1,0,0)>0 OR (-1,0,0)=-1  
                 OR (randint(5)=0) ) AND ((0,-1,1) <= (-1,-1,1) OR  
                  (-1,-1,0)>0 OR (-1,-1,0)=-1 OR (randint(5)=0) )) 
}  ... 
 
% Rules to control panic behavior 
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rule : {trunc((0,0,0)/10)*10+1}   
         {1000/remainder(trunc((0,0,0)/10),10) } {((0,0,0)>0 AND  
           remainder(trunc((0,0,0)/1),10)=0 AND remainder(trunc 
            ((0,0,0)/100000),10)>0 AND ((0,-1,0)=0 OR (0,-1,0)=-2)  
         AND cellPos(2)=0)AND (((0,-1,1)>= 1,-1,1) OR (1,-1,0)>0  
          OR (1,-1,0)=-1) AND ((0,-1,1)>=(1,0,1) OR (1,0,0)>0 OR  
            (1,0,0)=-1) AND ((0,-1,1)>= (1,1,1) OR (1,1,0)>0 OR  
              (1,1,0)=-1) AND ((0,-1,1)>=(0,1,1) OR (0,1,0)>0 OR  
                (0,1,0)=-1) AND ((0,-1,1)>=(-1,1,1) OR (-1,1,0)>0  
                  OR (-1,1,0)=-1) AND ((0,-1,1)>=(-1,0,1)  
           OR (-1,0,0)>0 OR (-1,0,0)=-1) AND ((0,-1,1)>=(-1,-1,1)   
                   OR (-1,-1,0)>0 OR (-1,-1,0)=-1)) 
} 

Fig. 3. Specification of evacuation model. 

 
The following figures show different visualizations for the simula-
tion results for this model. Figure 4 shows a simple graphical repre-
sentation of the simulation results. We can see the building shape 
(with walls in black and two exits: one to the left, and one to the bot-
tom right), and people who want to leave the building using the exit 
doors. The evacuation path is the one previously presented in figure 
2 (a). As we can see, there is a group of people blocking the left exit 
because individuals tend to move reducing the potential (and based 
on the original configuration the closest exit for most people is to the 
left). 
  

    
           (a)               (b) 

Fig. 4. (a) People seeking an exit. (b) After 15 seconds, people found the exit.  

 
Although CD++ provides different visual tools to as the ones used to 
generate the graphical results above, we need to build more sophisti-
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cated 3D graphics, which improves data exploration. To overcome 
these drawbacks and to meet the diverse needs of different users, we 
have developed mechanisms to integrate the CD++ environment 
with a variety of both commercial and open-source visualization and 
rendering techniques, including Autodesk Maya, OpenGL, and 
Blender [15]. In this section, we will elaborate on these advanced 
techniques and demonstrate their capabilities with a wide range of 
applications. Autodesk Maya is one of the leading commercial soft-
ware packages for 3D modeling, animation and visual effects. Maya 
software interface is fully customizable and it allows users to extend 
their functionality by providing access to the Maya Embedded Lan-
guage (MEL). With MEL, users can tailor the GUI to fulfill their 
specific needs and to develop in-house tools. The MEL scripting 
language has been used in our research to create a high-performance 
3D visualization engine [16], allowing for interoperability between a 
DEVS-based M&S tool and an advanced generic visualization envi-
ronment like Maya. Users create a static scene in Maya, providing 
the necessary background for 3D animation of the simulation results. 
This Maya plugin allows showing different visualizations as seen in 
Figure 5. 
 

   
(a)      (b) 

Figure 5. Evacuation Model at time (a) 00:00:00:000 (b) close up at time 00:00:05:240  

 
As we can see, the visualization process using a 3D engine makes 
the results easier to observe and study. Figure 5 shows a different 
building configuration with two exits (one in the center and one to 
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the left), and people moving towards the exits and evacuating the 
building. A video of this visualization can be found at 
https://www.youtube.com/watch?v=GOOm1vFWG6Y&index=10&l
ist=PLA7006DDBBF660D55  
 
Evacuation example 1: the SAT Building  

The Society for Arts and Technology (SAT) building is located on 
Blvd. St. Laurent in downtown Montreal. This building is a center 
devoted to the creation, development and conservation of digital cul-
ture. We have built a model based on existing floor plans to study 
the evacuation processes in the SAT building. This multimodel also 
uses various agents with different panic level, considers the distance 
from exits, etc. The model represents people moving through a room 
or group of rooms, trying to gather their belongings or related per-
sons and to get out through an exit door.  
 
Following a similar idea as in the previous section, the agents mov-
ing through the cells representing the space of the building use dif-
ferent values to represent different phenomena as follows: 

 
[floor] 
type : cell        dim : (49,27,2)       delay : INERTIAL 
border : wrapped     initialCellsValue : eva-ej1.val 
localtransition : EvaRule 
 
% Neighbors  
neighbors : (-1,-1,0) (-1,0,0) (-1,1,0)  
neighbors : (0,-1,0)  (0,0,0)  (0,1,0) 
neighbors : (1,-1,0)  (1,0,0)  (1,1,0) 
 
% Neighbors in the lower level 
neighbors : (-1,-1,1) (-1,0,1) (-1,1,1)  
neighbors : (0,-1,1)  (0,0,1)  (0,1,1) 
neighbors : (1,-1,1)  (1,0,1)  (1,1,1) 
 
% Rules to control the movement decision of each individual  
[EvaRule] 
rule : {#pos1+1} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+3} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+5} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+7} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+2} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+4} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+6} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0 ... 
rule : {#pos1+8} {1000/#pos0} {((0,0,0)>0 AND #pos0 =0... 

https://www.youtube.com/watch?v=GOOm1vFWG6Y&index=10&list=PLA7006DDBBF660D55
https://www.youtube.com/watch?v=GOOm1vFWG6Y&index=10&list=PLA7006DDBBF660D55
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Fig. 6. Evacuation rules in CD++  

 
Once the model has been specified as above, the simulator generates 
a log file with the simulation results, as follows: 
 

… 
Message Y / 00:00:00:754 / floor(16,13,0)(893) / out / 5440   
Message Y / 00:00:00:755 / floor(15,12,0)(837) / out /  0   
Message Y / 00:00:01:005 / floor(16,13,0)(893) / out /  5443   
Message Y / 00:00:01:006 / floor(17,13,0)(947) / out /  5340   
Message Y / 00:00:01:007 / floor(16,13,0)(893) / out /  0   
Message Y / 00:00:01:256 / floor(17,13,0)(947) / out /  5344   
… 

Fig. 7. Simulation log files 
 

As we can see, the log file contains the time of the output messages 
generated by the agents on each cell, and the current value represent-
ing the combination of digits presented in Table 1 for each of the 
agents. In this case, they represent different individuals moving in 
different directions, some leaving a cell and others arriving into a 
new one. For instance, the person in cell (15, 12) abandons the cell 
(value = 0) and moves to cell (16, 13). The emotional state is 5 (av-
erage), it was moving in direction SW and now moves in direction 
S. It moves at a speed of 4 cells per second. 
 
In the following examples we show different simulation scenarios 
showing different agents moving through this building. The first ex-
ample, presented in Figure 8, shows a simple scenario with eight 
people distributed throughout the building.  
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Fig. 8. SAT evacuation scenario: 8 individuals under normal circumstances. 

The initial values for the cells in the figure are as follows:  
(13,10,0)=5040, (36,24,0)=5010, (45,25,0)=5040, (40,18,0)=5020, 
(29,5,0)=5040, (35,7,0)=5030, (42,6,0)=5040, and (43,4,0)=5060.  

 

As we can see, the first to digits on each agent have not been used 
(as we are not modeling panic). We can also notice different speed 
levels, which make for a more realistic simulation since not all peo-
ple move at the same speed or pace.  
 
We use the rules presented in Figure 6, with the agents placed at 
random inside the building, and following the path defined in the 
second layer to exit the building (no one is in panic). As the level of 
complexity is small, we could observe that they all followed the exit 
path. The building is almost empty (which is a normal condition for 
SAT); however, there are people in each sector. This evacuation 
gives us a general idea of the exit directions people will follow. In 
this case no one is in panic, and we did not change the movement 
potential, using a high level of patience. The total evacuation time 
for this scenario was 13:015s. 
 
The example presented in Figure 9 also represents eight people; 
however they are all located in the bottom left corner of the floor 
plan. Although we do not include panic behavior, and the agents fol-
low an organized evacuation pattern, we can see a bottleneck situa-
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tion in one of the exits. Although the total evacuation time is short 
(04:005), this is occurs due of the proximity of the people to the exit.  
 

      
Fig. 9. a) time: 00:000; b) time: 01:005  

 
Our following scenario includes panic behavior for one of the 
agents. If we analyze the execution results on Figure 10, we can no-
tice that this person moves away from the exit, because it is blocked. 
The rest of the individuals leave the building normally. The total 
evacuation time is 05:004s (it takes longer because the person in 
panic finally returns to the main door after the bottleneck disap-
pears). In order to observe the effect of panic on the simulation time 
we used the exact same number of people and their positions as 
specified above. 
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Fig. 10. Evacuation with panic (one person) 

 
The following test uses a larger number of people in the building, 
but they are located closer to the exit on the right, which allows us to 
study the results of two separate exits close to each other. In order to 
observe the effect of panic on the simulation time we used the exact 
initial configuration on the left part of the building, and more people 
on the right. This time however we introduced the maximum panic 
level in all the individuals. We noticed an increase in the evacuation 
time up to three times larger than what was observed in the previous 
simulation (the total evacuation time was 14:774). We can see peo-
ple moving away from the exits in any situation where there is a 
blockage, making the evacuation process much slower than in the 
previous cases. 
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Fig. 11. Evacuation with panic (everybody) 

The following scenario, presented in Figure 12, shows an initial con-
figuration with identical people positions as in Figure 11; however 
the panic condition has been removed from the individuals on the 
right side of the building (representing, for instance, the fact that 
there is a fire on the left side of the building and the people on the 
right cannot see it). We can notice a better organized evacuation 
with movements focused on the exit on that side of the building. 
Nevertheless, the total evacuation time on the left was 15:607 be-
cause it took longer to evacuate the people in panic. 
 

   
Fig. 12. Evacuation with panic (left part of the building) 
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As seen in Figure 13, when we increase the number of people on the 
right side of the building, and we change their speed (so they move 
slowly but with no panic), it still results on an organized evacuation 
on the right side while a random evacuation can be noticed on the 
left side due to high panic conditions (the total evacuation time is 
16:611). 
 

   
Fig. 13.  Evacuation with panic (left part of the building) 

 
As we can see in all of these examples, the multimodeling method-
ology allows us to define varied components for studying the evacu-
ation process with ease, while the agent-based approach lets us focus 
on the individual behavior of each person, which results in a simpler 
mechanism to define behavior. 
 
The same log files used to generate the figures above were used in 
Autodesk Maya to visualize the model in 3D. We start by defining 
the simulation type, the coordination files (in our case completed 
scene) and the file locations into the user interface (which can be ac-
tivated through web services, allowing us to remotely execute the 
CD++ simulations to obtain the log files over the internet). After 
rendering the building scene we can see better detail on the building 
to give us better familiarity with the setting. For the SAT building 
the initial scene setup looks like in Figure 14.  
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Fig. 14. Initial configuration for the SAT building in Maya 

 
Once the building floor plan has been loaded and rendered, the 
CD++/Maya plugin loads the initial values for the cell spaces – in 
our case people inside the building. Then, we search the log file 
looking for the Y messages (which, as seen in Figure 7, carries in-
formation about the current cell values and locations). The MEL 
script uses these values and coordinates to relocate the human fig-
ures. This organization results in a frame based motion of the human 
figures and hence makes an easy to see evacuation model. The fol-
lowing are five rendered images of separate frames that show the 
progressive motion of the human figures towards the dedicated 
building exits. 
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Fig. 15. SAT building evacuation simulation in Maya 

 

Evacuation Example 2: Copenhagen Zoo’s new 
Elephant House  

In this section we present a case study focused on analyzing the oc-
cupancy levels of the Copenhagen Zoo’s New Elephant House. The 
Copenhagen Zoo is the largest cultural institution in Denmark, at-
tracting over 1.2 million visitors a year. The New Elephant House, 
which has two floors, tries to create a close visual relationship be-
tween the Zoo and the park. Visitors walk in from the main entrance, 
move downstairs and leave the house through the exit, moving at 
random and following the pathway, and spending time watching the 
elephants. The level of occupancy of the building is important in 
case of needing to evacuate it.  
 
In this case, we have used Autodesk Revit as a tool to input the 
building floor plan into the simulation model, and Autodesk 3Ds 
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Max as the visualization tool. Figure 16 shows a view of the build-
ing using Autodesk Revit. 
 

 
Fig. 16. Copenhagen’s New Elephant House in Revit  

 
We used Cell-DEVS to simulate the behavior of the level of occu-
pancy of the building. Each floor uses 10x22 cells, and each cell rep-
resents a square place associated with physical horizontal coordi-
nates. The 2 floors are connected through stairwells. Each individual 
on each cell uses different state variables to represent the movement:  

 Movement: it defines the current position and the relation to 
the different phases, defined below 

 Phase: each movement cycle goes through four phases (In-
tent, Grant, Wait, Move), to be discussed in detail later 

 Pathway: Visitors tend to move following the pathway with 
certain probabilities. Normally, the pathway points to the 
shortest path towards the exit. In our case, we overlay a Vo-
ronoi diagram of the route to an exit or stairwell.  

 Layout: each cell can be an empty space, a wall, an entrance, 
a stairwell, an exit, etc. 
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 Hot Zones: they reflect the popularity levels of certain spots 
influencing different potential waiting time. The higher value 
the hot zone is, the higher the probability that a visitor would 
stay.  

 
In order to implement random movement and random waiting, the 
movement behavior is divided into four phases (Intent, Grant, Wait, 
and Move).  
 
In general, for an occupied cell, a visitor chooses a direction at ran-
dom during the intent phase. If the target cell is available, the visitor 
state changes to get grant; otherwise, it turns to get rejected. If 
granted, the visitor would wait for some time at random (according 
to the hot zone where the visitor is), and then empty the cell at the 
move phase. If rejected, the visitor needs to wait. For an empty cell, 
the logic is simpler: it chooses a surrounding cell, which is in the 
grant phase, and changes to occupied at the move phase. 
 

rule : {~movement := 2; ~phase := 1;} 0 {uniform(0,1) <  
  #VisitorRate and remainder(time, 4)=1 and (0,0,0)~phase = 0 and  
     (0,0,0)~movement=0 and $layout=3} 

 
At the beginning of the simulation, visitors go to the main entrances 
with certain probability (VisitorRate), in order to mimic different in-
put flow rates with rush/slash hour during the opening time. In the 
current implementation, each cycle has 4s (each phase has 1s). We 
check to see if it is the beginning of the cycle (remainder (time, 4) 
=0), and then generate a new individual. 
 
During the intent phase, the desired direction is determined using the 
pathway direction and probability.  
 

rule : {~movement := 10; ~phase := 2;} 1 { (0,0,0)~phase = 1 and  
 (0,0,0)~movement = 1 and $layout = 5} 
rule : {~movement := uniform(0,1); ~phase := 1.1;} 0 { 
(0,0,0)~phase = 1 and (0,0,0)~movement=1 and (0,0,0)~pathway>=5} 
... 
rule : {~movement := 11; ~phase := 2;} 0 (0,0,0)~phase = 1.1 and  
   (0,0,0)~pathway = 5 and (0,0,0)~movement > 0.0 and  
       (0,0,0)~movement <= #Front }  
... 
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rule : {~movement := 18; ~phase := 2;} 0 (0,0,0)~phase = 1.1 and  
(0,0,0)~pathway =8 and (0,0,0)~movement > #Front + #Left-Front and  
     (0,0,0)~movement <= #Front+...+#Right-Front} 

 
We first check if the individual it is in the intent phase, if the cell is a 
stair, and if the cell below is empty (intent direction=10). If the cell 
is not a stair, we find the probability to move in different directions. 
We then generate a random number between 0 and 100, and check in 
which direction that the random number is located. Finally, last, the 
cell value changes to 10-18, whose unit value corresponds with the 
intent direction: D(0), E(1), NE(2), N(3), NW(4), W(5), SW(6), 
S(7), SE(8). E.g., for going up, it should be 13. Note here we do not 
care whether the target cell is available, it will be checked in the fol-
lowing phases.  
 
After choosing the intended direction, we need to handle collisions 
(i.e., to see if more than one person want to enter into the same cell). 
This phase, called grant, is used to choose only one agent to move to 
a neighbor cell. To do so, it checks neighbors in the intent phase, 
and will mark one of the eight reverse directions (i.e., 41 means the 
current cell accepts the left neighbor to come in). The cells with in-
tent direction 10-18 change to 20-28 and phase 3 (waiting). The 
rules for the Grant phase are like as follows:  
 

rule : {~movement := 40; ~phase := 4;} 1 { (0,0,0)~movement = 0  
 and (0,0,-1)~movement = 10 }  
rule : {~movement := 41; ~phase := 4;} 1 { (0,0,0)~movement = 0  
 and (0,-1,0)~movement = 11 and $layout != 2} ... 
rule : {~movement := 48; ~phase := 4;} 1 { (0,0,0)~movement = 0  
 and (-1,-1,0)~movement = 18 and $layout != 2} 
rule:{~movement := ((0,0,0)~movement+10); ~phase := 3;} 1 {  
 (0,0,0)~movement >= 10 and (0,0,0)~movement <= 18 } 

  
The wait phase defines a random wait. If a person is granted to 
move, they wait for a random amount of time before moving, based 
on the hot zone where the person is. We implement this by adding 
different delays in the associated rules, as follows: 

 
rule : {~movement := 30; ~phase := 4;} 1 { (0,0,0)~phase = 3 and  
 (0,0,0)~movement = 20 and (0,0,1)~movement = 40 }  
rule : {~movement := 31; ~phase := 4;} { 1 + 4*randInt($hotzone) }  
 { (0,0,0)~phase = 3 and (0,0,0)~movement = 21 and  
   (0,1,0)~movement = 41 } 
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rule : {~movement := 38; ~phase := 4;} { 1 + 4*randInt($hotzone) }  
 { (0,0,0)~phase = 3 and (0,0,0)~movement = 28 and  
   (1,1,0)~movement = 48 } 

rule : {~movement := 39; ~phase := 4;} 1 { (0,0,0)~phase = 3 and  
   (0,0,0)~movement >=20 and (0,0,0)~movement <= 28 } 

  
Now, every individual that intended to move, has a value of 30-38 
(the movement was granted) or 39 (the movement was rejected). A 
granted individual can move to the target cell. To finish the moving 
for next cycle, we empty the intended cells (value = 0), and change 
the rejected ones to 1 
  

rule : {~movement := 0; ~phase := 1;} 100 { (0,0,0)~phase = 4 and  
 (0,0,0)~movement = 30 and (0,0,1)~movement = 40 } ... 
rule : {~movement := 1; ~phase := 1;} 100 { (0,0,0)~phase = 4 and  
 (0,0,0)~movement = 48 and (-1,-1,0)~movement = 38} 

 
As seen in the previous section, 3D visualization provides a more in-
tuitive way to observe simulation results, enabling the designers to 
check the building performance and people behaviors under differ-
ent properties. Most authoring tools support full-featured 3D visuali-
zation of buildings. Among them, Autodesk 3ds Max is a powerful 
tool for 3D animation and rendering. We have developed an ad-
vanced visualization tool in 3ds Max, providing options for hiding 
building floors for visibility, and filtering models. We include arrow 
models with key framing ability and humanoids to animate real body 
movement (using the Motion Mixer plugin).  
 
The simulation results presented in Figure 17 show the basic behav-
ior of the visitors under normal conditions. We can see the two 
floors in the building, visitors arriving in the building and moving 
around the floors (they arrive using the main doors on the left). Then 
they move to the first floor downstairs (following the white arrows) 
and leave the building. Each visitor goes through the four cycles dis-
cussed above.  
 

a) at 2.5 min 
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b) at 7.5 min 

  

Fig. 17. Simulation results of basic properties at different simulation times. 

 
In [17] we presented different simulation scenarios for this building, 
showing the impact of door location/stairs number in terms of occu-
pancy, and simulated two modifications to the original design. It was 
found that arrival rate and stairs affect the occupancy level more 
significantly than other properties do. In order to evaluate different 
options, the following parameters were modified:  
 1) Hot zones: we decreased the probability of people wait-
ing, representing people moving faster. The result showed that the 
occupancy level decreased relatively obviously, which indicates the 
influence of people movement speed to the occupancy. 
 2) Movement direction: in the simulation results showed in 
Figure 17, visitors have a 70% of probability to move forward. We 
changed this probability to 50%, giving visitors freedom to move in 
other directions. The differences with the original simulations were 
minimal. People stop to watch the exhibits longer than any influence 
in their moving direction, and they reach the stairs and exits as a rate 
similar than in the original case.  
 3) Arrival rate: we conducted tests with different arrival 
rates. When interarrival interval was longer, the simulation results 
showed a decrease in the occupancy of the first floor (from 38.9% to 
26.7%), but only a small change in the second floor, because the 
flow from the first to the second floor does not change much. Never-
theless, the first floor is less congested when there are less individu-
als arriving.  
 
Figure 18 shows the results of the occupancy simulation using our 
3D visualization tool. As we can see, we can combine the simulation 
results with the original 3D floor plan in Revit, which is used to 
generate initial conditions for the simulation. Then, we use 3Ds Max 
to visualize the results of the simulation.  
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Fig. 18.  Different visualization options  

 
The figure shows some visualization results of different options. We 
can see the whole building and the two floors, and different individ-
uals represented as cones in the direction of the movement of the in-
dividuals. The complete visualization of this simulation can be seen 
at https://www.youtube.com/watch?v=ciA5mtXdHIA.  
 
Conclusion  

Multimodeling can help builders of complex models and their simu-
lations to organize their work better, address each of the problems at 
the right level of abstraction, and resolve the problems quicker and 
easier. Prof. Ören’s invention allowed us to address these complex 

problems with ease. The application of multimodels into agent-based 
simulation provides a good combination for solving complex simu-

https://www.youtube.com/watch?v=ciA5mtXdHIA
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lation problems. Here we showed how to use these concepts com-
bined with the DEVS formalism proposed by Prof. Zeigler, and cel-
lular models to describe the phenomena using a spatial based nota-
tion. We showed different modeling and simulation examples 
focusing on evacuation and occupation of buildings. We defined a 
solution based on Building Information Modeling, mixing the results 
of buildings and simulations in Cell-DEVS. We also presented new 
methods to view advanced 3D visualization in 3Ds Max. We showed 
to different case studies: one for the SAT building in Montreal, and 
another one for the Copenhagen’s New Elephant House.  
 
The models are public domain and can be easily modified to be ap-
plied for other purposes. The tools can be found at http://cell-
devs.sce.carleton.ca. The different models can be found at 
http://www.sce.carleton.ca/faculty/wainer/wbgraf.   
 
These techniques can benefit building designers and engineers to 
understand better some issues related to the buildings under con-
struction (e.g., doors location, stairs number, rush/slash hours, dif-
ferent movement probabilities of directions, etc.), allowing them to 
better manage the design and to provide suggestions for improve-
ments.  
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