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1 Management Summary 

This document provides the foundation of the cognitive and causal models 

development. Particularly, in this document it can be find: 

a) A new technology to be considered for data mining process to improve FCM 

using simulation results 

b) An explanation of the modelling methodology including the interaction with 

simulation 

c) An initial description of the Zagreb use case. It includes the set of rules 

generated from information about possible situations in green parks 

elaborated by Zagreb city council, the CPN model internally used, the FCM 

model and the MAS model. 

d) A study about MAS frameworks for sustainable tourism and which could be 

the possible one for FUPOL 

e) Preliminary ideas of the urban economic policy user case model to be 

developed  in Yantai. 

 

Each Cognitive and Causal models deliverables (D2.5, D2.8, D2.11) will be focused 

on one or two policy domain use cases; however, improvements or new steps 

realized on all of them will be also included. The last deliverable will include all the 

final policy domain use case in detail.  
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2 Document Guideline  

2.1 Purpose of the Document 

The main objective of this document is to describe the model specifications for all the 

domains and for all involved tools or methodologies. 

The specific objectives for each domain (this deliverable is centred in Facility 

Community domains) are: 

a) to describe the modelling methodology 

b) to describe the specific rules of the different policy user cases 

c) to describe the CPN model of the different policy user cases 

d) to describe the FCM model of the different policy user cases 

e) to describe the MAS model of the different policy user cases 

2.2 Target group 

The target group of Deliverable 2.5 are internal groups: FUPOL Simulator software 

(WP4) and FUPOL Core platform (WP3) designers, and developers of the FUPOL 

visualisation tools (WP5).  

 

3 Introduction to Approaches and Technology 

3.1 ANFIS: Adaptive Neuro-Fuzzy Inference Systems 

3.1.1 Description 

 

Fuzzy inference system employing fuzzy “If-Then” rules can model the qualitative 

aspects of human behaviour and reasoning processes, which are quite suitable to 

complement the rules generated from the fieldwork in the modelling phase of urban 

policies. Unfortunately, to generate new rules that could complement those obtained 

from the fieldwork in each pilot city, using a fuzzy inference system, there is a need 

for effective methods for tuning the membership functions (MF’s) so as to minimize 
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the output error measure or maximize performance index. To deal with this problem 

the researchers combine fuzzy logic with neural networks. 

Fuzzy logic simulates human uncertainty understanding of the world; fuzzy inference 

reflects the human reasoning processes. Neural networks simulate the human brain’s 

neural structure and solve complex problems by learning and training. Combining 

fuzzy logic with neural networks has made human understanding of the world into a 

learning process, which is close to the mode of human thought process and has 

provided a strong theoretical and methodological support for us to understand and 

transform the nature. Researchers have named this integration of neural networks 

with fuzzy logic   “fuzzy neural networks” or “fuzzy neural systems”.  

In a fuzzy neural system the main steps of a fuzzy inference are realized in 

sequentially ordered layers of a neural network with architecture such that the 

weights can be adjusted in the network usually by means of a gradient descent 

algorithm, tuning of the membership function which can be carried out with the 

learning capability of the fuzzy neural network. It means that a fuzzy-neural model 

can be considered as a universal approximator because of its infinite approximating 

capability by training.  

Neuro fuzzy modelling is concerned with the extraction of models from numerical 

data representing the behavioural dynamics of a system. Fuzzy production rules are 

extracted by considering the strength of connections and the contribution of inputs 

as the output of each unit.  

 

There are three types of fuzzy inference systems such as: 

• Sugeno type 

• Mamdani type 

• Tsukamoto type 

 

These three types of inference systems vary somewhat in the way outputs are 

determined.  Thus, depending of the form of agent rules (antecedents and 

consequents) required for each particular policy domain, one of the mentioned 

inference system will be chosen: 

• Sugeno type will be used to generate rules with a form:  

If citizen_age is in interval  [m,n] then cytizen_cycling_affinity  increase = p 
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• Mamdani type will be used to generate rules with a form:  

If citizen_age is in interval  [m,n] then cytizen_cycling_affinity increase is in 

interval [x,y] 

• Tukamoto type is a particular case of Mamdani type (membership functions 

are monotone) so it will be use only when cycling has a monotone member 

function.   

 

For each type of inference system, it is proposed in FUPOL an ANFIS model to 

generate the right rules. It is noted, that all the rules (fieldwork and ANFIS 

generated rules) will be specified in CPN formalism to validate and verify the urban 

policy model, using the state analysis tool, before its implementation in MAS 

platform. 

In the following sections the ANFIS structure is presented as well as a learning 

algorithms for each fuzzy inference model. 

 

3.1.1.1 ANFIS  model  for  Sugeno  type 

The Sugeno Fuzzy model (also known as the TSK fuzzy model) was proposed by 

Takagi, Sugeno and Kang in an effort to develop a systematic approach to 

generating fuzzy rules from a given input-output dataset. A typical fuzzy rule in a 

Sugeno fuzzy model has the form: 

• If  x  is  A  and  y  is  B  Then  z = f(x, y),                 (1)         

where A and B are fuzzy sets in the antecedent, while z=f(x,y) is a crisp function in 

the consequent. Usually f(x, y) is a polynomial in the input variables x and y, but it 

can be any function as long as it can appropriately describe the output of the model 

within the fuzzy region specified by the antecedent of the rule. When f(x, y) is a first-

order polynomial, the resulting fuzzy inference system is called a first-order Sugeno 

fuzzy model. 

 

The Sugeno model is composed of two rules:   

• If  x  is  A!    and  Y  is  B!            Then    f! = p1x+ q1y+ r1     (2) 

• If  x  is  A!  and  Y  is  B!            Then    f! = p2x+ q2y+ r2     (3) 
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In this case f(x, y) is a linear function and computation of function includes following 

steps: 

• Step 1: Calculate 𝑓! = 𝑝1𝑥 + 𝑝1𝑦 + 𝑟1 

• Step 2: Calculate 𝑓! = 𝑝2𝑥 + 𝑞2𝑦 + 𝑟2 

• Step 3: Calculate degree 𝑤! = min 𝑤!,! ,𝑤!,! 𝑤ℎ𝑒𝑟𝑒  𝑤!,! = 𝜇!! 𝑥 ;   𝑤!,! =

𝜇!!(𝑦) 

• Step 4: Calculate degree 𝑤! = min 𝑤!,!  ,𝑤!,!   𝑤ℎ𝑒𝑟𝑒  𝑤!,! = 𝜇!! 𝑥 ;   𝑤!,! =

  𝜇!!(𝑦) 

• Step 5: Calculate 𝑓 = 𝑤!𝑧! + 𝑤!𝑧!)/(𝑤! + 𝑤!) 

 which are illustrated in Figure 1. 

 
  Figure 1: Sugeno type inference 

 

In (J.S.R. Jang, 1996) an ANFIS model for the Sugeno type is proposed.  This model 

uses back propagation learning to determine premise parameters and least mean 

squares estimation to determine the consequent parameters. This is referred to as 

hybrid learning. In the first or forward pass, the input patterns are propagated, and 

the optimal consequent parameters are estimated by an iterative least mean square 
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procedure, while the premise parameters are assumed to be fixed; In the second or 

backward pass the patterns are propagated again, and in this epoch, back 

propagation is used to modify the premise parameters by the gradient descent 

algorithm, while the consequent parameters remain fixed. This procedure is then 

iterated until the error criterion is satisfied. 

 
Figure 2: ANFIS model for Sugeno type 

The ANFIS model for Sugeno type includes 5 layers as is illustrated in ¡Error! No se 

encuentra el origen de la referencia.: 

• Layer 1 contains for each membership function of Sugeno type an adaptable 

node whose output is membership grade of input variable. For our example, the 

outputs nodes are: 

𝑂!,! = 𝜇!! 𝑥             𝑓𝑜𝑟  𝑖 = 1,2          (4) 
𝑂!,! = 𝜇!!!! 𝑦     𝑓𝑜𝑟  𝑖 = 3,4         (5) 

        
The membership functions contain parameters, which will be learning from data. 

For example if we will use the bell shaped functions given by formula: 

µμ! x = !

!!
!!!!
!!

!!!
    ,                           (6) 

          
where premise parameters a!  ,b!, c! have to be learnt. 

  

• Layer 2 contains for each rule a fix node whose output is the aggregate grade of 

rule premise. The aggregate grade of rule premise is calculated according to the 



Page 14 

logic operators used in premise. For our example, where we use AND operator, 

the aggregate grade is computed using product or min operator. 

𝑂!,! = 𝑤! = 𝜇!! 𝑥 𝜇!! 𝑦 ,        𝑖 = 1,2                      (7)  
 

• Layer 3 contains for each rule, a fixed node that calculates the ratio of the firing 

strength of the rule. For our example, the layer contains nodes 𝑂!,!𝑎𝑛𝑑  𝑂!,!: 

𝑂!,! = 𝑤! =
!!

!!!!!
         (8)   

 

• Layer 4 contains for each rule an adaptive node for calculating the consequent of 

the rules. In our example, this layer contains nodes O4,1 and O4,2  whose outputs 

are calculated  by formula: 

𝑂!,! = 𝑤!𝑓! = 𝑤!(𝑝!𝑥 +   𝑞!𝑦 + 𝑟!)                                  (9)  
        

The parameters in this layer (𝑝! , 𝑞! , 𝑟!) are to be determined and are referred to 

as the consequent parameters. 

 

• Layer 5 contains a single node that computes the overall output. In our example, 

the node O 5,1 computes overall output by using the outputs of each rules: 

𝑂!,! = 𝑤!𝑓!! = !!!!!
!!!

         (10) 

 
 

A square node is an adaptive node (has parameters) while a circle node is a fixed 

node. The parameter set of a network is the union of the parameter sets of each 

node. These parameters are updated according to a given training data using one of 

the methods listed bellow: 

 

a) Gradient Method 

 
Notations: 

L    - number of layers of network; 

#k    - number of nodes on layer k; 

Oi
k    - output of node i of layer k; 

P     - number of entries of training data; 

Ep    - error measure for entry p; 

Tm,p   - mth component of target output vector; 
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OL
m,p  - mth  component of  actual output vector; 

E        - overall error; 

 
The method includes following steps: 
 

• Step 1: Specify the output O!! depending on its incoming signals and a 

parameter set: 

𝑂!! = 𝑂!!(𝑂!!!!,…𝑂#(!!!),!!!         (11) 

• Step 2: Compute error measure for data entry p by formula: 

𝐸! = (𝑇!,! − 𝑂!,!! )!#(!)
!!!                        (12) 

• Step 3: Compute the overall error measure by formula: 

𝐸 = 𝐸!
!
!!!           (13) 

• Step 4: Compute the error rate of  node i on layer L is computed by  formula: 
!!!
!!!,!

! = −2 𝑇!,! − 𝑂!,!!         (14) 

• Step 5: Compute the error rate of  node i on layer k ≤ L- 1  using chain rule: 

!!!
!!!,!

! = !!!
!!!,!

!!!
#(!!!)
!!!

!!!,!
!!!

!!!,!
!         (15) 

 

Using the last two formulas compute the derivative of the error Ep by formula: 
!!!
!!

= !!!
!!∗

!!∗

!!
,!∗∈!                   (16) 

where S is set of nodes that depend of parameter α. 

Using last formula to compute the derivative of overall error E: 
!!
!∝
= !!!

!∝
!
!!!            (17) 

Update parameter α using formula: 

∆∝= − !!
!∝
η !!
!!

          (18) 

where η is learning rate expressed by: 

η = !

(!!!!)
!!

           (19) 

where k is step size. 
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There are two gradient learning paradigms: off line learning, and on line learning. Off 

line learning uses all training entries to update parameters, the on line learning 

update parameters after each training entry.  

 

b) Least square method 

 
Notations: 
 

I  - input variables of network  

S  - parameter set of network  

S1 - premise parameter set   

S2  - consequent parameter set   

M   - number of elements of S2  

P - number of elements of training data 

 

Least Square method includes following steps: 
 

• Step 1: Give values of elements of S1 and plugging training data in formula 

 Output = 𝑓(𝐼, 𝑆)         (20) 

to get matrix equation AX = B, where X  denotes  vector   containing  

parameters S2, and A, X and B have dimensions:  P x M, M x 1, P x 1, 

respectively. Because P is usually greater than M, this equation has not an 

exact solution, so we use least square method (LSE) to estimate the solution.   

• Step 2: Minimizing expression 𝐴𝑋 − 𝐵 !, the obtained solution is 

𝑋∗ = (𝐴!𝐴)!!𝐴!𝐵          (21) 

 
This solution can be calculated iteratively by formulas: 

X!!! = X! + S!!!!!!!(b!!!
! − a!!!! X!)      (22) 

S!!! = S! −
!!!!!!!!

!!!!!

!!!!!!
! !!!!!!

   , i = 0,1,…P− 1        (23) 

where:  

ai 
T -  the  ith  row vector  of  A 

bi
T  -  the  ith  element of  B 

P -   number of rows of matrix A 

Si - covariance matrix 
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After P iterations we obtain solution XP. 

 

c) Hybrid algorithm  

 
The gradient method is slow and likely to become trapped in local minima.  The least 

square method requires a linear function of parameters as output of network. To 

override these problems a hybrid learning procedure is used.  

The procedure uses gradient method to determine premise parameters and least 

mean squares estimation to determine the consequent parameters. In the first or 

forward pass, the input patterns are propagated, and the optimal consequent 

parameters are estimated by an iterative least mean square procedure, while the 

premise parameters are assumed to be fixed. In the second or backward pass the 

patterns are propagated again, and in this epoch, back propagation is used to modify 

the premise parameters by the gradient descent algorithm, while the consequent 

parameters remain fixed. This procedure is then iterated until the error criterion is 

satisfied. 

The steps used in hybrid algorithms are the followings: 

 
• Step 1: Split the total parameter set into three: 

 S : set of total parameters 

 1S : set of premise (nonlinear) parameters 

 2S : set of consequent (linear) parameters 

• Step 2: Execute forward pass, where S1 is unmodified and S2 is computed 

using a LSE algorithm. 

• Step 3: Execute backward pass, where S2 is unmodified and S1 is computed 

using the gradient descent algorithm. 

 

3.1.1.2 ANFIS  Model  for  Mamdani Type 

The Mamdani model contains in premise and consequent parts fuzzy sets, as is 

illustrated in example bellow: 

• 𝐼𝑓  𝑥  𝑖𝑠  𝐴!𝑎𝑛𝑑  𝑌  𝑖𝑠  𝐵!        𝑇ℎ𝑒𝑛  𝑧  𝑖𝑠  𝐶!      (24) 

• 𝐼𝑓  𝑥  𝑖𝑠  𝐴!𝑎𝑛𝑑  𝑌  𝑖𝑠  𝐵!        𝑇ℎ𝑒𝑛  𝑧  𝑖𝑠  𝐶!      (25) 
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If we consider a particular case where parameters of Ci are area ai and center  zi the 

above model becomes: 

 𝑓1 = (𝑤!𝑎!𝑧!)/(𝑤!𝑎!𝑤!𝑎!)        (26) 

If x is A1  and Y is B1, then f1= (w1. a1. z1)/(w1 .a1+w2.a2). 

𝑓2 = (𝑤!𝑎!𝑧!)/𝑤!𝑎! + 𝑤!𝑎!)        (27) 

If x is A2  and Y is B2, then f2= (w2. a2. z1)/(w1 .a1+w2.a2). 

 

Following steps compute the function f presented above: 

• Step 1: Calculate degree 𝑤! = 𝑚𝑖𝑛 𝑤!,!,𝑤!,!   ,  where 𝑤!,! = 𝜇!! 𝑥  and  

𝑤!,! = 𝜇!!(𝑌). 

• Step 2: Calculate degree 𝑤! = 𝑚𝑖𝑛(𝑤!,!  ,𝑤!,!), where 𝑤!.! = 𝜇!!(𝑥) and 

𝑤!,! = 𝜇!!(𝑦). 

• Step 3: Calculate f1= (w1. a1. z1)/(w1 .a1+w2.a2), equivalent to 𝑓1 = 𝑤1.𝑎1 z1  

• Step4: Calculate 𝑓2 = (𝑤!.𝑎!. 𝑧!)/(𝑤!.𝑎! + 𝑤!.𝑎!), equivalent to 𝑓2 =

𝑤2.𝑎1  𝑧1 

• Step 5: Calculate 𝑓 = 𝑓! + 𝑓! 

The ANFIS structure for this model is illustrated in ¡Error! No se encuentra el 

origen de la referencia.: 

 
Figure 3: Restrictive Mamdani ANFIS 

 

• Layer 1 contains for each membership function of Mandani type an adaptable 

node whose output is membership grade of input variable. For our example, the 

outputs nodes are: 
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𝑂!,! = 𝜇!! 𝑥             𝑓𝑜𝑟  𝑖 = 1,2          (28) 
𝑂!,! = 𝜇!!!! 𝑦     𝑓𝑜𝑟  𝑖 = 3,4         (29) 

        
The membership functions contain parameters, which will be learning from data. 

For example if we will use the bell shaped functions given by formula: 

µμ! x = !

!!
!!!!
!!

!!!
    ,                           (30) 

          
where premise parameters d!  ,b!, c! have to be learnt. 

  

• Layer 2 contains for each rule a fix node whose output is the aggregate grade of 

rule premise. The aggregate grade of rule premise is calculated according to the 

logic operators used in premise. For our example, where we use AND operator, 

the aggregate grade is computed using product or min operator. 

𝑂!,! = 𝑤! = 𝜇!! 𝑥 𝜇!! 𝑦 ,        𝑖 = 1,2                      (31)  
 

• Layer 3 contains for each rule, a fixed node that calculates the ratio of the firing 

strength of the rule. For our example, the layer contains nodes 𝑂!,!𝑎𝑛𝑑  𝑂!,!: 

𝑂!,! = 𝑤! =
!!

!!!!!
                             (32)

       
• Layer 4 contains for each rule an adaptive node for calculating the consequent of 

the rules. In our example, this layer contains nodes O4,1 and O4,2    whose outputs 

are calculated  by formula: 

𝑂!,! = 𝑤!𝑎!𝑧!                                (33)  
 
where  ai is area of Ci, and zi is center of Ci. 

 

• Layer 5 contains a single node that computes the overall output. In our example, 

the node O 5,1 computes overall output by using the outputs of each rules: 

𝑂!,! = 𝑓!!            (34) 
           

 
To training a restrictive Mamdani ANFIS, the gradient method is applicable. For 

general case, where we consider others parameters, the following steps define the 

computation procedure: 

• Step 1: Calculate degree 𝑤! = 𝑚𝑖𝑛 𝑤!,!,𝑤!,!   ,  where 𝑤!,! = 𝜇!! 𝑥  and  

𝑤!,! = 𝜇!!(𝑌). 



Page 20 

• Step 2: Calculate degree 𝑤! = 𝑚𝑖𝑛(𝑤!,!  ,𝑤!,!), where 𝑤!.! = 𝜇!!(𝑥) and 

𝑤!,! = 𝜇!!(𝑦). 

• Step 3: Calculate function 𝐶!! 𝑧 = 𝑚𝑖𝑛  (𝐶! 𝑧 ,𝑤!)  

• Step 4: Calculate function 𝐶!! 𝑧 = min  (𝐶! 𝑧 ,𝑤!) 

• Step 5: Calculate function 𝐶! 𝑧 = max  (𝐶!! 𝑧 ,𝐶!! 𝑧 ) 

• Step 6: Calculate 𝑍!"#  ZCOA= centroid of area bounded by C’(z)   

• Step 7: Calculate z = ZCOA 𝑍!"# 

Figure 4 illustrates graphically  this procedure. 

 
Figure 4: Mamdani Inference Model 

 

The ANFIS structure for this computation model is presented in Figure 5. 
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Figure 5: General Mamdani ANFIS 

           

For training a general Mamdani ANFIS, the gradient method is used. 

 

3.1.1.3 Tsukamoto ANFIS model 

The Tsukamoto model contains in consequent parts of rules only monotonic 

membership functions.  The inferred output of each rule is defined as a crisp value 

induced by the rule’s firing strength. The overall output is weighted average of each 

rule’s output.  

If we consider the Tsukamoto   model composed of two rules:   

• 𝐼𝑓  𝑥  𝑖𝑠  𝐴!𝑎𝑛𝑑  𝑦  𝑖𝑠  𝐵!  𝑇ℎ𝑒𝑛  𝑓!𝑖𝑠  𝐶!       (35) 

• 𝐼𝑓  𝑥  𝑖𝑠  𝐴!𝑎𝑛𝑑  𝑌  𝑖𝑠  𝐵!  𝑇ℎ𝑒𝑛  𝑓!  𝑖𝑠  𝐶!                                                     (36) 

where C1 and C2 are monotonic membership functions. 

 

Then computation of variable f includes following steps: 

• Step 1: Calculate degree 𝑤! = 𝑚𝑖𝑛 𝑤!,!,𝑤!,!   ,  where 𝑤!,! = 𝜇!! 𝑥  and  

𝑤!,! = 𝜇!!(𝑌). 

• Step 2: Calculate degree 𝑤! = 𝑚𝑖𝑛(𝑤!,!  ,𝑤!,!), where 𝑤!.! = 𝜇!!(𝑥) and 

𝑤!,! = 𝜇!!(𝑦). 

• Step 3: Calculate 𝑓! = 𝜇!!!!(𝑤!)  

• Step 4: Calculate 𝑓! = 𝜇!!!!(𝑤!) 

• Step 5: Calculate 𝑓 = (𝑤!𝑓! + 𝑤!𝑓!)/(𝑤! + 𝑤!) 

 

Figure 6 illustrates these computations steps. 
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Figure 6: Tsukamoto Inference model 

 

The ANFIS structure for this inference model has five layers as it is illustrated in 

Figure 7. 

 
 

Figure 7: Tsukamoto ANFIS model 

                                                          
For training a Tsukamoto ANFIS we descendent use gradient method.  
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3.1.2  Benefits of ANFIS approach for FUPOL policy causal models 

ANFIS approach in general is suited for complex systems models, based on imprecise 

knowledge. Knowledge in models is represented by ”If Then rules”, not by objects 

that exit only numerical values.   

The ANFIS approach can contribute to the modelling tasks in FUPOL by adapting 

parameters of rules. After adaptation of parameters, the resulted rules will be 

specified in CPN formalism for state space analysis purposes and once validated will 

be implemented in MAS for simulation. 

For the objectives of FUPOL this approach is useful because the initial rules 

constructed by experts can be tuned using statistic data, support a causal 

transparency both in the model and in the results.  

To illustrate how an ANFIS can be used in FUPOL we consider the following rules: 

 
	  
	   R1:                          If (10<age≤20)   Then cycling +10  
 
 R2:                           If (20<age≤30)  Then cycling +20 
 
	  

 
 
In order to apply ANFIS approach for this rule set, first, we will transform it in a 

Sugeno model, as follows: 

 
              F1:                          If age is A1 Then cyclingIncrease = 10  
 
   F2:                          If age is A2 Then cyclingIncrease = 20   
 

 
 
Applying the steps: 

• Step 1: Build membership functions for premise parts of this rules: 

121

1
5.11

1)( bA

a
x

x
−

+

=µ          

           (37) 
  𝜇!! 𝑥 = !

!! !!!.!
!!

!!!         

where a1, a2, b1, b2 are premise parameters. 
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• Step 2: Build membership functions for consequence parts using constant 

membership functions of parameters p1, p2. 

 
Second, use the Sugeno model   constructed above in order to construct ANFIS 

structure, as in Figure 8: 

 
Figure 8: ANFIS Model example 

 

Third, apply hybrid algorithm to learn parameters a1, a2, b1, b2, p1, p2 from training 

data and calculate error. It must be noted, that to obtain a good stimation of the 

premise parameters, it is important to have access to a rich population of data. In 

the particular example of the Zagreb city, the pilot should provide field data collected 

from other green parks in the city. 

 

• Advantages of  ANFIS 
 

- ANFIS has a solid theoretical fundament based on fuzzy sets and neural 
network; 

- ANFIS can approximate both linear and non linear functions; 

- ANFIS uses if then rules easily understood by citizens;  

- ANFIS can adapt parameters from rules using training data; 

- In training, ANFIS gives results with the minimum total error, compared to 

other methods. 

-  
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• Disadvantages of ANFIS 

 
- The functions and the number of membership functions of fuzzy sets depend 

on the experience of the modeller. 

 
 

3.2 FCMs weights generation using simulation data 

Fuzzy Cognitive Maps (FCMs) have attracted a great deal of attention from various 

research communities. However, the traditional FCMs do not provide efficient 

methods to quantify causalities between concepts. Therefore in many cases, 

constructing FCMs for complex causal systems greatly depends on expert knowledge. 

In this section a tool is introduced to automatically generate the weights in the FCM 

relationships by analysing the generated simulation data by means of neural 

networks, fuzzy logic, and fuzzy neural networks.   

	  

3.2.1  Using neural networks for  FCMs  weight’s estimation 

Neural networks can be used to discover appropriate knowledge from data in the 

form of FCM. Many researchers worked on these areas by investigating FCM learning 

methods using historical data. They proposed algorithms as Differential Hebbian 

Learning (DHL), Balanced Differential Learning Algorithm (BDA), Nonlinear Hebbian 

Learning (NHL), Active Hebbian Algorithm (AHL) etc. 

The Differential Hebbian Learning method considers a historical sequence of state 

vectors for FCM concepts Ct= (C1(t), C2(t),… Cn(t) ). The basic idea here is to update 

those weights in the causal matrix that are directly related to the changes in the 

state vectors values. If the value concepts change in the same direction, the 

algorithm increases its positive causal weight in the FCM (the weight between the 

two concepts becomes “more” positive) otherwise if the value concepts change in 

opposite direction the algorithm increases its negative causal weight (the weight 

between the two concepts becomes “more” negative). The algorithm computes the 

discrete changes along time:  

∆Ci(t) = Ci (t) - Ci (t-1) 
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 where, 

 Ci(t) -  is the value of the  concept i at time t. 

The rule to calculate the weights can be summarised with the following formula: 

 

𝑊!" 𝑡 + 1 =𝑊!" 𝑡 + 𝑐! ∆𝐶! 𝑥!    ∆𝐶! 𝑗 −   𝑊!" 𝑡   if  ∆𝐶!(𝑥!   ≠ 0  

  𝑊!" 𝑡 + 1 =𝑊!" 𝑡   if     ∆𝐶!(𝑥! = 0 

The  𝑐! is a factor used to slowly forget the old weights for the new ones. The factor 

is calculated with the following formula: 

𝑐!(𝑢)   = 0.1(1−
𝑢

1.1𝑁) 

An improved version of this algorithm to update the weights is Balanced Differential 

Learning Algorithm (BDA) based on the differential Hebbian learning. The aim of this 

new version is to eliminate the limitation of DHL method where weight update for an 

edge connecting two concepts (nodes) is dependent only on the values of these two 

concepts. In BDA, during the learning process weights are updated taking into 

account all the concept values that change at the same time. This means, that 

formula for calculating𝑊!" 𝑡 + 1  takes into consideration not only changes  ΔCi and 

ΔCj , but changes in all other concepts if they occur at the same iteration and in the 

same direction. The BDA algorithm was applied to learn structure of FCM models, 

which use bivalent transformation function, based on a historical data consisting of a 

sequence of state vectors.  

Despite the BDA improves learning quality compared to DHL method, the proposed 

learning method was applied only to FCMs with binary concept values, which 

significantly restricts its application areas in FUPOL. 

Active Hebbian Algorithm (AHL) introduced by Papageorgiu et al. in 2004 is the next 

attempt to help in FCM development. This approach introduces and exploits the task 

of determination of the sequence of activation concepts. Expert(s) determines the 

desired set of concepts, initial structure and the interconnections of the FCM 

structure. In addition, they identify the sequence of activation concepts. A seven-

step AHL procedure, which is based on Hebbian learning theory, is iteratively used to 

adjust the model (weights) to satisfy required stopping criteria.  
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The main disadvantage of these approaches is that human intervention is required, 

and in FUPOL it is envisaged to generate automatically the weights of the FCM from 

the generated simulation data. 

 

3.2.2  Implementation of FCM using fuzzy logic 

To use fuzzy logic methods for specifying automatically FCM weights, it is proposed 

the   RBFCM (Rule Based FCM) approach that is essentially a rule based fuzzy system 

with mechanisms to deal with causal relations.  It consists of fuzzy nodes 

representing concepts and fuzzy rule, which link the concepts. Each concept contains 

several membership functions that represent possible values of its change (Decrease-

Very-Much, Decrease-Much, Decrease, Decrease-Few, Decrease-Very-Few, Increase-

Very-Much, Increase-Much, Increase, Increase-Few, Decrease-Very-Few, etc.). 

Causal relations between concepts are represented by collections of rules of form: 

If Concept-i Symbolil  Then Concept-j Symboljk, 

where Symbolmn is one of logic symbols listed above. 

 

Example of rules: 

If  “ Playing with a ball”  Increase-Much   Then   “ Cycling”  Decrease 

If  “ Walking”  Increase-Very-Much   Then   “ Cycling”  Decrease-Much 

If  “Jogging”  Increase-Few”   Then   “ Cycling”  Decrease 

  

If we consider bellow rules:  

If  “ Playing with a ball”   Increase-Much   Then   “ Cycling”  Decrease 

If  “Jogging”   Increase-Few”   Then   “ Cycling”  Decrease 

 

and use them in a classical sense, we will get the result: 

“ Cycling”  Decrease with the belief  k+m, 

where: 

k =  belief of  statement   “  Playing with a ball   Increase-Much  “ 
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m =  belief of  statement    “ Jogging”   Increase-Few  “ 

If we consider bellow rules: 

If  “ Walking”   Increase-Few   Then   “ Cycling”  Decrease-Much 

If  “Jogging”   Increase-Few”   Then   “ Cycling”  Decrease-Few 

 

and use them in a classical sense  we  will get  the result: 

“ Cycling” will decrease somewhere  between Few and Much 

Instead, if we use FCM approach for above situations, we will get: 

• If concepts “ Playing with a ball”  and   “Jogging”   each cause concept  

“Cycling”  to decrease a little , Then  “Cycling”  will decrease more than a 

little.  

• If “ Jogging”  affects Cycling  a little and “Walking”  affects “Cycling”  much,  

Then “Cycling”    will decrease  more than much. 

 

So, the results obtained by fuzzy rules approach reflecting “non accumulative" and 

the results obtained by FCM approach reflecting "accumulative” are incompatible.  

To solve this incompatibility between FCM and classical fuzzy systems, J. P. Carvalho 

and J. Tomé, in 2000, have introduced new fuzzy operations called Fuzzy Carry 

Accumulation (FCA). 

To illustrate how works FCA consider the example bellow: 

 

 

 

 

 

Considering that applying first rule, the belief of consequent part is:  

belief =  belief-1, 

and considering that applying second rule the belief of consequent part is: 

belief =  belief-2 

then FCA aggregates two beliefs such: 

FCAbelief = belief_1+ belief_2  if  belief_1+ belief_2  <= 1   

else, there is an overflow of the remainder towards a value representing a large 

If “Cycling”  Decrease  then   “Jogging “ Increase 

 If “ Walking “ Decrease-Few  then  “Jogging” Increase 
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variation. 

 

Using a RBFCM approach, a relationship between two concepts of FCM can be 

implemented by a fuzzy rule set. For example the relationship of bellow: 

  

And can be implemented using the rules bellow: 

	  

 

 If  “Cycling”   Decreases-Very-Few then  “Walking” Increases-Few 

If  “Cycling”    Increases  then “Walking ”   Decreases -Much 

If “Cycling”     Increases-Much  then   “Walking ” Decreases-Very-Much 

 

	  

Using simulation results of FUPOL, the parameters of these rules can be adjusted; 

however, the implementation lacks of a learning algorithm.  

	  

3.2.3  Implementing FCM using the fuzzy networks  

Recent researches used fuzzy neural network to enhance the learning ability of 

FCMs. These researches incorporate the inference mechanism of conventional FCMs 

for quantification of causalities. In this manner, FCM models can be automatically 

constructed from data, and therefore are independent of the modeller expertize. 

Using fuzzy neural network to describe the causalities provides more transparent 

interpretation for causalities in FCMs, and it fits the FUPOL purposes to generate FCM 

from simulation results to foster simulation data interpretation by citizens without a 

profile in simulation. 
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3.2.3.1 Representing FCM as network of Fuzzy Inference Systems 

This approach represents a FCM as a network of fuzzy systems using following steps: 

 

Step 1: Translating the causal link of FCM in a rule based Fuzzy Inference 

System 

Each causal link of FCM between two nodes Ci and Cj with strength wij is translated in 

a rule based Fuzzy Inference System with a single input I and a single output J, as is 

illustrated in Figure 9. 

 
Figure 9: Transforming the causal link in a fuzzy system	  

 

Parameters I and J take values in the domain: 

  D = {-1, -0.9, -0.8, -0.7, -0.5, -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2, 0.3, 0.4,  0.5, 0.6, 

0.7, 0.8, 0.9, 1} 

Each parameter value c from D is mapped onto a fuzzy set whose corresponding 

membership function is Gaussian with centre in c, as is illustrated in Figure 10. 
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Figure 10: Membership functions for each element of domain D[1]	  

 

This form of membership function provides a more realistic modelling of the 

underlying concept values and their corresponding membership degrees. 

The strength wij is specified by a rule base.  The If part of each rule consists of input 

I, and the Then part consists of output J. 

To specify the rule base for an individual weight wij is necessary to understand causal 

relationship between input and output parameter (how less/much increases of Ci 

influence less/much increases of Cj) 

Rule base includes 21 rules for each causal link of form: 

1) 	  If	  	  	  	  	  I	  =	  0	  	  	  	  	  	  	  	  	  Then	  	  	  	  	  	  	  J	  =	  	  p0	  

2) 	  If	  	  	  	  I	  =	  0.1	  	  	  	  	  Then	  	  	  	  	  	  	  J	  =	  p1	  	  	  	  	  	  	  

3) 	  If	  	  	  I	  =	  -‐	  0.1	  	  	  	  Then	  	  	  	  	  	  J	  =	  n1	  

4) If	  	  	  	  I	  =	  0.2	  	  	  	  	  	  	  	  	  Then	  	  	  	  	  	  J	  =	  	  p2	  	  	  	  	  	  	  	  	  	  	  	  	  	  

5) If	  	  	  I	  =	  	  -‐0.2	  	  	  	  	  	  	  Then	  	  	  	  J	  =	  n2	  

	  	  	  	  	  ….	  

	  	  	  	  20)	  	  	  If	  I	  =	  1	  	  	  	  	  	  Then	  J	  =	  	  p10	  	  	  	  	  	  	  	  

	  	  	  	  21)	  	  	  If	  =	  -‐1	  	  	  	  	  	  	  Then	  J	  =	  n10	  
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where parameters pi and ni - are specific for each  strength wij.  

For example, for wij=1, we will have the following rule base: 

 

1) If    I = 0       Then       J =  0 

2)  If   I = 0.1   Then       J = 0.1       

3)  If   I = - 0.1  Then      J= -0.1 

4) If I = 0.2       Then         J = 0.2             

5) If  I =  -0.2    Then        J = -0.2 

... 

    20)   If I = 1        Then          J =  1       

     21)   If = -1        Then           J = -1 

	  

Using the rule base, and Gaussian membership functions the fuzzy inference system 

computes for each input value I an output value  J. 

 

Step 2: Aggregation of fuzzy inference systems  

The links between fuzzy inference systems constructed at Step 1 is done by 

connecting the outputs of fuzzy system with inputs of them, according with FCM 

structure. 

However, if in FCM structure there are multiple concepts (A, B, C)  linked  to same 

concept D, then we transform all incoming edges to  inference systems and  then 

aggregate  them as in the next diagram: 
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In above diagram the outputs of 3 fuzzy systems are summed and the result is 

provided as input to fuzzy system FISDE. 

After the fuzzy network is constructed using above steps, we use simulation data to 

adjust parameters: 

  p0, p1, p2…..p11     

n0, n1, n2…..n11     

After parameters are adjusted for each causal link, the strength of causal link is 

established by comparing computed rule base with a standard rule base associated 

with each number of domain  

{-1, -0.9, -0.8, -0.7, -0.5, -0.4, -0.3, -0.2, -0.1, 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7, 0.8, 0.9, 1} 

Because the parameters take discrete values, the learning algorithms (Descendent 

gradient, Least squares) must be modified. 

	  

3.2.3.2 Implementing FCM using four-layer fuzzy neural network 

In this section we describe an approach concerning representation of FCMs using 

four-layer fuzzy neural network based on the definition of the FCMs. The described 

method   deals with the automatic determination of membership functions, as well as 
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quantification of causalities. The approach is able to identify the membership 

functions and causalities from simulated data.  

The basic structure of the proposed four-layer fuzzy neural network is shown in 

bellow figure. 

The FCM concepts C1, C2,  .. CN are represented by input   variables x1, x2, ..  xN. 

The output variables y1, y2, .. yN of network are equal with input variables  (x1 = y1, 

x2 = y2, xN  = yN). 

Each input variable xi is characterized by a set of linguistic term  ILi={ ILi1, ILi2, 

..ILiNi}  

where ILij  is expressed by  a semantic symbol, such as Small ,  Medium  Large  etc. 

Each term ILik is described by a fuzzy subset in the universe of discourse on xi. 

Similarly, the output variables are described by same fuzzy subsets. 

The FCM weights are represented by the network weights connecting the neurons in 

layer 2 with the neurons in layer 3. These weights quantify the causalities among 

linguistic terms of different concepts  

 

Fuzzy network includes 4 layers:  

• Layer 1: This layer consists of input variables. Each node represents a input 

variable Nodes in layer 1 directly transmit input values to the next layer 

• Layer 2: The layer realizes the fuzzification process. Nodes in this layer 

represent the linguistic terms of all input variables.  

So, for variable xi characterized by a set of linguistic term ILi={ ILi1, ILi2, 

..ILiNi} the layer will contains Ni nodes. There is a directed link between each 

input variable of layer1 and   its linguistic terms of layer2  

Every linguistic term ILik will be described by a symmetric Gaussian 

membership function µIij( cij, σij) 

The application of symmetric Gaussian membership function instead of 

triangular or trapezoidal function is to ensure differentiability of these 

functions. This is a necessary property for the back propagation algorithm 

employed in the learning process. The output of each node of this layer is 

membership grade for the input variable. 

 

• Layer 3: In this layer, the causalities among concepts in FCMs and 
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defuzzification process are performed. 

Nodes in the layer represent for each output variable yi the linguistic term set  

OLi={ OLi,1, OLi,2, ..OLi,Ni} of output variables. Since the input variables and 

corresponding output variables represent the same concept in a FCM we have 

ILi,k= OLi,k. 

Every node ILi,m  of level 1  is connected  with each  node OLj,n of level 2 for   

i≠ j with weight wij  =  1- ε(ILi,m, OLj,n), where ε(ILi.m, OLj,n) is the mutual 

subsethood  between ILi,m, OLj,n. 

According to the definition of mutual subsethood, the ε(ILi,m, OLj,n)   measures 

the similarity between fuzzy  sets  ILi,m and OLj,n    

ε(𝐼𝐿!,!,𝑂𝐿!,! =
𝐶 𝐼𝐿!,! ∩   𝑂𝐿!,!
𝐶(𝐼𝐿!,! ∪ 𝑂𝐿!,!)

	  

where C(ILi,m)  represents the cardinality of fuzzy set (the area bounded by  

curve and axe OX). 

The fuzzy set 1- ε(ILi,m, OLj,n) describes the causal-effect relationship between  

input variable xi  with linguistic term    ILi,m  and output variable yj with 

linguistic term OLj,n. 

The defuzzification process is implemented in this layer using standard volume 

based centroid defuzzification: 

t(i,	  ni,j,mj)=	  	  	  x2ILi,ni	  	  	  .	  	  	  [1-‐	  ε(ILi,ni,	  OLj,mj)	  ]	  

	  

output   OL!,!" =
t i,ni, j,mj c!,!"σ!.!"!,!"

t i,ni, j,mj σ!.!"!,!"
	  

where: x2
ILi,ni  are outputs of nodes of layer 2, c!,!" is center of Gaussian 

function, and σ!,!" is variation of Gaussian function. 

	  

The computation of ε(ILi.m, OLj,n)  depends on centres  c!,!", c!,!" and the 

spreads σ!,!",σ!,!". We have three cases 

1.      c!,!" =    c!,!", with sub cases: 

a) σ!,!" = σ!,!" 

b) σ!,!" < σ!,!" 

c) σ!,!" > σ!,!" 
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2.  c!,!" >      c!,!"  with sub cases:  

a) σ!,!" = σ!,!" 

b) σ!,!" < σ!,!" 

c) σ!,!" > σ!,!" 

3.     c!,!" <    c!,!" with sub cases:  

a) σ!,!" = σ!,!" 

b) σ!,!" < σ!,!" 

c) σ!,!" > σ!,!" 

 

In first case either one fuzzy set belongs to the other, or the two fuzzy sets 

are identical, and in cases 2 and 3, the two fuzzy set cross over. 

 

• Layer 4: The output of nodes yj is computed by formula: 

yj  =    ξ!,!"output(OL!,!")
!"
!"!!   

where  ξ!,!" are  network weights, and output(OL!.!") is  the output of layer 3 

	  

Supervised Learning 

The fuzzy neural network is trained by supervised learning based on back 

propagation algorithm. The training data consist from pairs of vectors of form (xt, dt). 

The algorithm compares calculated vector yt with the desired vector dt to compute 

the error. The parameters of membership functions are adjusted in terms of error 

minimizing criterion. 

𝐸(𝑡) = (𝑑!(𝑡)− 𝑦!(𝑡))!!
!!!   

c!,!"(t+ 1)     = c!,!"(t)     −η( ∂E(t) ⁄ ∂c!,!"(t) ) 

σ!,!"(t+ 1)     = σ!,!"(t)     −η( ∂E(t) ⁄ ∂σ!,!"(t) ) 

where η - is learning rate. 
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Figure 11 :Fuzzy Network Implementing FCM	  

	  

The previous diagram shows a fuzzy network implementing FCM. 

 

The simulation data resulted from FUPOL is used to train above fuzzy network. After 

training, it is possible to remove certain memberships function if they have same 

parameters (center/width) as other membership functions. 

Based on pre-specified number of membership functions, this method automatically 

identifies the parameters involved in membership functions. Finally, the method   

quantifies causalities among concepts in FCMs using mutual subsethood The mutual 

subsethood describe the causalities in FCMs, providing more transparent 
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mathematical interpretation of causalities and makes the inference process easier to 

understand. 

 

3.2.4  Benefits of Supervised Learning approach for FUPOL FCM 

In FUPOL, data resulted from simulation process can be used for computation of 

causal links between concepts. Because simulation data resulted from FUPOL 

represents outputs from simulation process, not state vector sequence, the 

approaches based on fuzzy neural network are suitable to compute causal links 

between concepts. 

 
• Advantages  

 
- The mutual subset hood describing the causalities in FCMs, providing  more 

transparent mathematical interpretation of causalities and makes the 

inference process easier to understand 

- For each simulation scenario, it allows a macro level representation of the 

results. 

- The experts for providing causal links are not required, so FCM weights can be 
generated automatically for each simulation.   

 
 

• Disadvantages  
 

- The learning algorithm is consuming more time  

 

4 Methodology 

4.1 Introduction 

The modelling methodology used to develop the MAS based causal models is 

illustrated in Figure 12. FCMs, CPNs and MAS approaches are combined in order to 

achieve certain level of transparency by describing the causal models as a set of 

behaviour rules (they could be described in a natural language). CPN and State 

Space Analysis tools are deployed in WP2 for policy domain use cases models design, 

specification and verification only. These tools do not have a direct communication 



Page 39 

with the core platform. Following paragraphs explain the different steps illustrated in 

¡Error! No se encuentra el origen de la referencia.. 

 

 

A set of preliminary rules are defined using the information and data obtained from 

pilot cities (field work), together with a review of scientific literature and also after 

some face to face meetings between modellers and pilot experts. A CPN model is 

internally used to verify these rules by studying the CPN state space reachability. 

These rules are updated to the core platform (WP3) in order to be visualized (WP5). 

 

 

A preliminary FCM is also developed to better understand the behaviour of the 

elements in the system (the agents). This FCM is the base of the final one. 

 

 

CPNs and FCMs are internally used to define the agents’ behaviour to develop the 

MAS model. It is based on the verified rules and it is academically verified, and 

transferred to WP4. The format in which the policy use case model is specified and 

transferred is:  

• Agents, Agents Interaction and Time specifications will be specified in Repast 

Symphony with comments in natural language; 

• Flow Model will be specified by means of an Observer agent codified in Repast 

Symphony together with flowcharts comments; 

• System dynamics models (optional) will be specified using algebraic 

differential equations with comments in natural language; 

• Interoperability and data exchange in distributed policy use case model (two-

level) will be described in natural language; 

1 

2 

3 
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• Drivers, boundary conditions (exogenous variables) and values, and other 

quantitative parameters will be specified in tables form with comments in 

natural language; 

• Input data sources and links to them must be defined; 

• Other important notes related use case model in natural language. 

 

 

The simulation software is developed by WP4 incorporating the GIS data and the 

boundary conditions. Once the final simulation model is validated, several simulations 

are performed and the results are stored in the core platform (WP3) to be visualised. 

• The GIS data play a key role in the quality of the simulation results. If it is 

possible to use a high granularity of the information about the principal 

agents, the results will be better than if just statistical data is used. The 

parameterization of this data depends on the city council. 

• Boundary conditions are exogenous variables that are initially fixed by the city 

council; however, end users can modify them if they consider they are not 

good enough. The results of the simulation can be affected and they can be 

reported to the city council if they are trustable and relevant. 

 

 

The simulation results (generated during the piloting phase) are studied by using a 

data mining approach (to be developed by WP2) and they are used to update the 

FCM relations and weights if needed. The final FCM is uploaded to the core platform 

(WP3), and end users can use it to better understand causal effects inside the 

system modifying some weight if they think that the impact of a concept to another 

one is not reflected with the initial weight. 

 

End users are allowed to modify some parameters of the MAS model and some 

parameters of the FCM to test other possibilities not reflected in the models and 

considered more adequate than the ones proposed by the city council. If the results 

4 

5 
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are trustable and relevant, they can send some feedback in order to notify the city 

council that its propositions are not good enough. 

 

 

The set of rules, the simulation software, GIS data, boundary conditions, the final 

FCM, and simulation results are visualised (WP5) through the core platform (WP3). 

Particularly, end users can use the simulation software and the final FCM to better 

understand decisions or to test some hypothesis or possibilities. They can also 

consult the set of rules used to develop the model, and to consult simulation results 

already obtained. 

 

6
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If (age>60 and dist<=100 and ec>50) then policy_greenPark ++20 

If (30<age<40 and dist<=200 and kids>0) then policy_greenPark  ++20 
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Figure 12: Modelling Methodology Workflow 
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4.2 Rules Definition 

The causal models development for FUPOL are based in a set of rules generated 

using the information obtained from the cities. These rules are defined in such a way 

that models are more understandable for people without modelling background, as 

could be citizens without modelling skills. A proper visualization (to be defined by 

WP2 and WP5) will also contribute to achieve a level of transparency good enough to 

allow a better understandability of the models for any kind of user. 

 

The data needed to define the rules and their definition process is highly dependant 

on the type of system to model; however, the main idea, for all the models, is to 

specify behaviours of citizens, industries, and land usage to be represented in the 

model. For example, the model developed for Community Facilities: Area Design 

domain, particularly for the Zagreb use case, is based on citizens’ behaviour, and the 

model to develop for Urban Economics domain, particularly for Yantai, will be based 

on industries' behaviour. 

The rules defined at the first stage of the modelling process are validated using the 

CPN model, and once validated, they are used to specify the behaviour of the MAS 

model agents.  

4.3 CPN models 

The specification of a system dynamic by a set of rules would lead to a poor 

modelling approach lacking of the most essential modelling analysis tools that would 

lead to unpredictable simulation results. Coloured Petri Net formalism allows the 

specification rule based system dynamics as a formal language in which it will be 

possible to determine if the rules are consistent with the observed system dynamics, 

which dynamics has been properly formulated, which system states can be reached 

using the rules and check which rules should be added to reach certain final system 

states. 

Rules can be seen as a relationship between precedent conditions and a consequent 

body. This form of rules can be interpreted in CPN formalism as a set of pre-

conditions, which must be satisfied in order to fire an event, and a set of post-

conditions, which represent the new state of the system reached after firing the 
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event. Each rule can be formulated as a transition, in which the pre-conditions will be 

formulated by means of input arc expressions of the place nodes connected to the 

transition, and the post-conditions will be computed by means of output arc 

expressions connected at the output place nodes. 

This one-to-one representation between rules and CPN transitions is a positive 

feature of FUPOL models to improve simulation transparency. 

4.4 MAS models 

The set of rules validated by using CPN models are the base to define the agents' 

behaviour. The MAS models will be equally structured independently of the policy 

user case. They will be composed of: 

1. Basic agents (citizens for Zagreb, industries for Yantai, etc.) and their 

interaction 

2. The observer agent 

3. Multi criteria objective function 

 

Depending on the policy user case they will include other types of agents, as could 

be zone agents for the Zagreb case. 

The model will be evolving along the time, and agents will take decisions and modify 

behaviour depending on their interactions with other agents and the state of the 

system. The observer agent will be in charge of finding a trade off between all the 

indicators of the multi criteria objective function. The expected results of the 

simulation will be particularly defined for each policy user case. These results will be 

stored in the core platform and they will be used to refine the weights of the FCM. 

4.5 FCM Models 

The first step in constructing an FCM model requires the identification of the 

concepts to be included in the model. This is mainly carried out jointly by the 

decision-maker and the domain experts. Once all concepts have been agreed upon, 

the fuzzification procedure is carried out. Fuzzification essentially involves employing 

a membership function to break down a concept into a number of fuzzy 

(overlapping) sets in the range [-1, 1] and assigning a linguistic value that best 

describes the state of a concept within the boundaries of each fuzzy set. Next, each 
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node is initialized with a numeric value (known as its “activation level”) in the range 

of [-1, 1] to qualitatively signify its current presence or state in the problem. In 

general a value closer to -1 indicates that the concept has a strong negative 

presence, leading to inhibiting effects in the problem, while a value closer to 1 

indicates a strong positive presence, leading to promoting effects in the problem.  

After consulting various experts the FCM will be finalized and all the descriptions of 

the concepts and their corresponding activation levels, the causal relationships and 

their normalized weights are denoted, we can proceed with the simulation. It is 

important at this stage to note that in order to increase the reliability of the weight 

matrix; we have followed B. Kosko, 1986 suggestion on consulting more that one 

expert. Assuming that all experts are consulted with the experience evaluated on a 

one to ten scale, let Si be the score of expert i, and Wi the matrix weight of the FCM 

defined by that expert. The final weight matrix is then given by a normalized sum 

according to the following formula:  

𝑊 =
𝑆!𝑊!

!
!!!

𝑆!!
!!!

 

 

4.6 Model Validation 

One of the main advantages of analysing the rule based model using CPN formalism, 

is that the state space of the system can be computed without considering particular 

time constraints (time events), neither particular stochastic factor constraints. Thus, 

the full state space of the system can be computed providing all the event sequences 

that could occur in the real system together with the evolution of the system (state 

variables) from an initial state to the different final states. 

In case a feasible final state is never reached (i.e. for example the swings zone in a 

green park is never used), it is possible to check why the conditions for an event are 

not satisfied and modify the rules (i.e. the transitions) or add new rules (i.e. new 

transitions) to achieve an acceptable representation of the system. 

The MAS model will also be validated using statistical analysis tools (hypothesis test 

and confidence interval computations among others) comparing the field data 

observed in similar scenarios (i.e. other green parks in Zagreb) with the data 

generated by the simulator.  
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5 Community Facilities - Area Design: Zagreb - Green 

Park Design 

5.1 Introduction 

The simulation objective for the green park design in Zagreb is to provide the best 

solution for the facilities that would be included in the 2000m2 of green area situated 

near the Autism Centre. The design must satisfy most of the potential users 

demands and must encourage interactions between autistic and non-autistic users, 

while avoiding possible conflicts between them. At the same time, possible conflicts 

between all kinds of users must be avoided. For example, nobody likes to have dogs 

around children while these are playing in a playground. 

Following paragraphs introduce an explanation of the model to develop considering 

the simulation objectives and the data to be considered. 

The green park will consist of different zones and different activities to be performed 

inside these zones. Each activity will be related to one or more zones, depending if 

the activity is performable inside them. The zones will have at least a minimum 

surface, depending if they are mandatory to be included or not, and in some cases, 

they can also have a maximum surface. Mandatory ones to be included will have a 

minimum surface greater than 0 m2 and the non-mandatory ones will have 0 m2 as a 

minimum surface. The maximum surface can be included depending on the number 

of zones mandatory zones to be included and the total surface of the park. 

Citizens of the neighbourhood, people with autistic disorder, their monitors and their 

familiars, will be considered. Depending on different attributes (age, gender, 

children, among other), they will be classified by profiles. Each profile, being used to 

go to the park, will be related with several activities to be performed in the park at a 

specific time frame, which can differ during the week and during the weekend. These 

relations are called "rules", and the time frame indicates the interval of time that the 

person uses to go to the park; however, each person decides how long time (inside 

the time frame) it stays in the park. Each person will have a predefined behaviour 

depending on the profile; however, its behaviour can be modified depending on its 

interactions (affinity, proximity, etc.) with other persons. 
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A person in the park will be count to control the amount of people performing each 

activity inside each zone. And each person will occupy a certain amount of surface 

depending on the activity it performs and the zone where it is. 

The agent observer will consider all the information of the zones and activities 

looking for a trade of between all the indicators included in the multi-criteria 

objective function. 

 

5.1.1 Autistic Disorder Definition 

A total of six (or more) of the listed autism signs from (1), (2), and (3), with at least 

two from (1), and one each from (2) and (3): 

 

(1) Qualitative impairment in social interaction, as manifested by at least two of the 

following signs: 

• Marked impairment in the use of multiple nonverbal behaviours such as eye-

to-eye gaze, facial expression, body postures, and gestures to regulate social 

interaction. 

• Failure to develop peer relationships appropriate to developmental level. 

• A lack of spontaneous seeking to share enjoyment, interests, or achievements 

with other people (e.g., by a lack of showing, bringing, or pointing out objects 

of interest). 

• Lack of social or emotional reciprocity. 

(2) Qualitative impairments in communication as manifested by at least one of the 

following signs: 

• Delay in, or total lack of, the development of spoken language (not 

accompanied by an attempt to compensate through alternative modes of 

communication such as gesture or mime). 

• In individuals with adequate speech, marked impairment in the ability to 

initiate or sustain a conversation with others. 

• Stereotyped and repetitive use of language or idiosyncratic language. 

• Lack of varied, spontaneous make-believe play or social imitative play 

appropriate to developmental level. 
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(3) Restricted repetitive and stereotyped patterns of behaviour, interests, and 

activities, as manifested by at least one of the following: 

• Encompassing preoccupation with one or more stereotyped and restricted 

patterns of interest that is abnormal either in intensity or focus. 

• Apparently inflexible adherence to specific, non-functional routines or rituals. 

• Stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or 

twisting, or complex whole-body movements). 

• Persistent preoccupation with parts of objects. 

 

5.1.2 Preliminary information 

The main information to develop the model is any data related to activities people 

use to perform in the parks of Zagreb, statistical data about profiles (age, gender, 

children, etc.), and any relevant information about autistics and their behaviours in a 

park. 

Information about activities in a green park has been described by the city of Zagreb 

just using their knowledge about people behaviours (i.e. they guested some of the 

percentages for the moment). Next information deliver will include similar data with 

more accurate percentages for each activity. This information differentiates between 

non-autistic and autistic people, and it has been also included in D7.3. 

5.1.2.1 Non-autistic people 

The different scenarios considered are: 

1) Mother with children in pram age from 0-1 year: walking through the park 

pathway (40%), sitting on a bench (40%), sitting around the table and feeding 

children (20%) 

2) Children between 1-2 years of age: playing in the sand box (50%), sitting on the 

grass and playing (30%), swinging and sliding down the toboggan (20%) 

3) Children between 3-6 years of age – swinging, sliding down the toboggan, 

spinning on roundabouts and climbing on monkey bars (60%), playing ball on 

the grass (20%), riding a bicycle and roller skating (20%) 
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4) Male children between 6-9 years of age – riding a bicycle (40%), playing football 

on the playground (40%), sliding down the toboggan, spinning on roundabouts 

and climbing on monkey bars (20%) 

5) Female children between 6-9 years of age – roller skating (40%), playing ball 

and rackets on the grass (40%), swinging, sliding down the toboggan, spinning 

on roundabouts and climbing on monkey bars (20%) 

6) Male children between 9-13 years of age – riding a bicycle (40%), playing 

football on the playground (40%), sitting on benches (20%) 

7) Female children between 9-13 years of age – roller skating (40%), walking 

through the park pathway (30%), sitting on a bench (30%) 

8) Male children between 13-17 years of age – sitting on benches (40%), playing 

basketball and football (40%), skateboarding (20%)  

9) Female children between 13-17 years of age – sitting on benches (40%), walking 

through the park pathway (40%), roller skating (20%) 

10) Young men between 17-24 years of age – sitting on benches (50%), playing 

basketball and football (50%) 

11) Young women between 17-24 years of age – sitting on benches (50%), walking 

through the park pathway (50%) 

12) Families with small children, parents and/or grandparents from 24-34 years, 

living in apartments – walking through the park pathway (40%), sitting on the 

grass and hanging out (30%), children use playground toys (30%) 

13) Families with small children, parents and/or grandparents from 24-34 years, 

living in family houses – adults sitting on the bench while the children use the 

playground toys (100%) 

14)  Adults from 35-55 years of age – sitting on benches (50%), walking through the 

park pathway (50%) 

15) Adults from 65+; sitting on benches (40%), walking through the park pathway 

(30%), sitting around the table and playing social games (30%) 

16) People with dogs – walking through the park pathway (100%) 

 

These scenarios are the base to define non-autistic people behaviour; however, 

some of the values indicated will be a little bit modified considering some other 

aspects, as could be the age when couples use to have children, among others. 



Page 50 

 

5.1.2.2 Autistic people 

Besides the scenarios, there is other information related to autistics that must be 

considered and it is included in this section. 

 
Activities for children/persons with autism disorder, regardless of chronological age 

and gender, but depending on individual abilities and interests (some part of the 

devices should be in accordance with the weight and height of adolescents and 

adults): 

1) Walking and running through the park pathway,  

2) Sitting on benches,  

3) Climbing and jumping from different areas,  

4) Touching different objects and surfaces 

5) Playing ball, frisbee or racket on the grass,  

6) Dragon kiting,  

7) Playing in the sandbox,  

8) Swinging, sliding down the toboggan, spinning on roundabouts, climbing on 

monkey bars,  

9) Less often roller skating or skateboarding or riding a bike, shooting basket or ball, 

bowling or playing bocce ball. 

 

Potential autistic users of the park for this special case are from 7 to 21 years, and 

they can be classified as follows: 

1) Male children from 7-9 years 

2) Female children from 7-9 years 

3) Male children from 9-13 years 

4) Female children from 9-13 years 

5) Male children from 13-17 years 

6) Female children form 13-17 years 

7) Young men from 17-21 years 

8) Young women from 17-21 years 
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9) Professional companions and personal assistants: monitor, assist and encourage 

the people by using the devices themselves in order to motivate them on action  

10) Parents of children with autism disorder (occasionally when visiting the children in 

accommodation or regularly when leaving school): small number of users 

 

Experts in autism also made some recommendations and gave some ideas targeted 

for autism, which have been used to develop the mode, and are: 

1) Dogs are not preferred in a park for children, especially not in a park for children 

with autism disorder (some children with autism disorder have panic fear of dogs 

until they pass the desensitization program, they run away from dogs and have 

behaviour excesses). 

2) Ideally the park should be fenced – raising the level of safety from running away 

or jumping on the street – this would provide the safe use of bicycles and roller 

skates by children with autism (perhaps it would be good to plan a special 

training ground for learning how to ride a bicycle and the basic traffic rules), and 

it would be useful for the general population of children. 

3) Build at least two tents with tables and benches so the children and families with 

children could spend some time there resting or hanging out. 

4) Enough shade during summer months: often dermatitis, sun allergies and 

photoreaction. 

5) Toilet or at least drinkable water nearby: sometimes existential needs don’t suffer 

significant delays. 

6) Build an amphitheatre where children can have events, parties, theatre games, 

puppet shows, and dances, among others. 

 

At the same time they gave some ideas for sensory parks, which is one of the main 

zones to consider in the green park: 

1) It would be ideal for the general population and children with autism that there 

would be platforms that swings by standing, lying, sitting, etc. Also rotating 

platforms, hanging bridges, houses for hiding, climbing ropes, toboggans, 

hanging chairs and lounge chairs. The park should have enough devices for 

swinging (both for younger and older children) because swinging is extremely 
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important for people with autism. Underneath the devices antitraumatic 

backgrounds should be placed for protection against injuries of falling. 

2) Build a small water fountain: autistics like watching the movement of the water 

and listening, and the sound has a calming effect on children with autism. 

3) Setting up a trampoline with fence is also very important for children with autism 

4) Tracks for exercising ‘’follow the path’’ (2-3 different materials, colours or surface 

textures) or a pathway with stops for motoric tasks (jump, skip over, scrape 

through, reach and pull, throw etc.). 

5) A part of the park should be planned for planting (so children could have a 

horticultural therapy), including one side for aromatic herbs (scent stimulation). 

6) One section of the park could be planted as a labyrinth so the children could 

exercise orientation and movement. 

7) In a distant corner of the park music bells should be set up, so the children could 

be acoustically stimulated. 

8) In other part of the park elements for building in the nature could be set up. 

 

In the last point "building in the nature" refers to big elements, that can be cubes, 

tubes and other profiles (in addle form), made of firm plastic resistant to weather 

conditions, light wood or other materials which are used to construct different forms 

in park’s natural surroundings. Their allocation in the park gives a meaning to some 

games (games that need a wall, house, table with chairs, shells for the shops etc.) or 

to set up a training ground for passing obstacles (climbing over, crawling under, 

going in and out etc.) There is also a playing utility that changes its form by folding; 

it is a bunch of stuff for climbing that can change its form by simple folding. 

Finally, some other comments to consider, regarding autistic people in this particular 

case, are summarized in the following paragraphs. 

It would ideal if the park would be planned in zones, so it would have zones divided 

by different ages and contents. But it depends largely on the size of the park and 

financial possibilities. Labyrinth and the fountain can be a part of the sensory park as 

well as the aromatic herbs garden. Paths with different colours and textures and 

training ground are also a part of the sensory park. Everything besides football 

ground, basketball court and bicycle and skate lanes is a part of sensory park in 

broader sense. It would be wiser to project them next to the regular school that is 
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located near to the Autism centre, rather than as a part of the park that we are 

planning here. 

Because the users are in different mental age they prefer activities that children 

pursue from early childhood to preschool age, only some individuals are enrolled in 

more complex activities. Most autistic children have serious sensory integration 

difficulties, so they prefer sensory impulses and that is why they need a sensory 

park. It is necessary to satisfy their sensory channels, but at the same time their 

impulses have to be controlled and should not be too intensive, because it can lead 

them to be too sensitive or not enough sensitive to different impulses. That is the 

essence of the autism. Some children like to swing or climb which can stimulate 

them until they feel hungry and on the other hand, other children would not want to 

sit on a swing and detach from the ground even with a reward in a form of 

chocolate. The activities of the children in the first group are dosed and the children 

of the other group are bribed with chocolate while they are sitting in our lap (if they 

are little) or we lay down with them on a big platform that slowly swings, so they can 

get used to swinging and by feeling our body next to theirs they feel safer and their 

fear decreases. Some children are irritated by light sounds and others enjoy 

drumming on the metal surface. The principle is the same, we allow dosed drumming 

and they need to get used to light noises. It is very valuable when it is incorporated 

in different living situations, not only in sensory integration cabinet. That is why a 

sensory park is a valuable space for one city. 

If we take into account that the park is going to be next to the school for students 

with the autism, utilities need to be adjusted for average children of 7-8 years of 

age. Having in mind that people with autism are schooled until age of 21, sometimes 

a professional or a parent needs to be on the utility because of the reasons 

mentioned above or to get them of utility, we need utilities for persons that weight 

hundred kilos and that are two meters tall. Of course that all of the utilities cannot 

and must not be in all dimensions, but swings, climbers and slides should be in three 

dimensions: for little children (regardless if they are coming from general population 

or that the children with difficulties that will be brought by their parents), for 

younger school age children and adolescents. 

The ratio between male and female individuals with autism is 4:1, and the ratio 

between persons with autism and companions is 1:1, often 2:1 and rarely 3-4:1. 
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5.2 Rules 

The information presented in section 5.1 is used as a base to define the rules. These 

rules will depend on the people attributes (non-autistics and autistics), and they will 

define the activities to be performed, the time frame and the companion when 

performing the activity. For example, if the age of the person is 3 years, it cannot go 

alone to the park, it must have some companion (babysitter, father, mother or some 

other familiar). The scenarios presented in section 5.1.2 must be interpreted to 

extract the necessary information to define the rules; therefore, different elements 

are considered before starting defining the rules, and they are zones, activities, time 

frames and profiles (non-autistics and autistics). Notice that profiles are considered 

in order to simplify the rules table, which would be difficult to read with all the 

attributes values (and/or ranges) instead of just profiles' IDs. 

5.2.1 Zones 

Considering that this green park in Zagreb has a particularity, which is that it must 

be an integration point between autistic people and neighbours, the zones must be 

carefully defined. Even though, the complete list of the zones is part of the 

parameterization deliverable, concretely a initial set of zones is included in D2.3; the 

list of zones is included in this section to better understand all this document. 

List of zones: 

• Z1: Playground with games 1, for little children 

• Z2: Playground with games 2, for younger school age 

• Z3: Playground with games 3, for adolescents 

• Z4: Sandbox  

• Z5: Grass zone (with some trees to have some shade) 

• Z6: Picnic zone (with tables and benches) 

• Z7: Bike training ground (with basic traffic signs and rules)  

• Z8: Sensory Park: Labyrinth 

• Z9: Sensory Park: Music bells corner 

• Z10: Sensory Park: aromatic herbs garden 

• Z11: Sensory Park: building in the nature zone 
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• Z12: Sensory Park: amphitheatre 

• Z13: Sensory Park: paths with different colours, textures and training ground 

for motoric tasks (jump, skip over, scrape through, reach and pull, etc.) 

• Z14: Sensory Park: Fountain 

• Z15: Pathways  

• Z16: Bocce ball fields 

5.2.2 Activities 

The complete list of activities is included in the parameterization deliverable D2.3. 

Some of these activities are listed bellow: 

• A1: Walking through the park pathway 

• A2: Sitting on a bench 

• A5: Playing in the Sandbox 

• A8: Swinging 

• A9: Sliding down the toboggan (slide) 

• A10: Spinning on roundabouts 

• A19: Playing social games sitting around a table 

• A21: Walking with a dog 

• A22: Touching objects and surfaces 

• A27: Playing in the labyrinth 

• A28: Standing 

• A29: Standing with a pram 

• A30: Watching water movement and/or listening the sound of the water 

• A31: Following the paths with motoric tasks 

• A34: Walking through the aromatic herbs garden 

• A35: Listening bells sounds 

5.2.3 Relationship between Zones and Activities 

Each activity can be related to different zones, and some of them can depend on the 

user profile. Following table includes some examples using the activities listed in 

section 5.2.2. 

 

Zones	   Activities	  
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Z3	   A2	   A8	   A9	   A10	   A28	   A29	   	   	   	   	   	  
Z4	   A2	   A5	   A28	   	   	   	   	   	   	   	   	  
Z9	   A2	   A22	   A28	   A29	   A35	   	   	   	   	   	   	  

 

5.2.4 Incompatible Activities 

Several activities can be related to the same zone; however, it is also possible that 

some of these activities may be incompatibles in time, which means that there 

cannot be people performing both activities at the same time. For example, if the 

grass zone is plenty of people sitting on the grass, it may be incompatible with a 

relative big group of people playing ball on the grass; or, if the picnic zone is plenty 

of people having something to eat (it is lunch time), it may be incompatible with 

playing social games sitting around a table; or the last example, if there is somebody 

playing with its dog in some area, it may be incompatible with children playing 

around. 

Table 1 presents the previous examples because there is not information regarding 

incompatible activities yet. First column indicates a zone ID if the incompatibility is 

special for one zone, and it is empty if the incompatibility is general, for all the 

zones. 

Incompatibility	  ID	   Zone	   Activity	  ID	  1	   Activity	  	  ID	  2	  
1	   Z5	   A6	   A13	  
2	   Z6	   A3	   A19	  
3	   	   A24	   Any	  children	  Activity	  
Table 1: Incompatibilities between activities 

5.2.5 Profiles 

Profiles depend on the attributes of the people represented in the model. Deliverable 

D2.3 present the complete list of attributes, among which can be find: 

• Age 

• Gender 

• MembersFamU: Number of members in the family unit 

• ChildrenFamU: Number of children in the family unit 

• Dog: Indicates if the person has a dog or not 

• AutisticDisorder: Describes the relation of the person with autistics. From no 

relation to direct familiar 

• Profile: ID of the profile that the person belongs 
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• HouseType; Type of house the person is living (apartment, house with 

garden,etc.) 

• Activity: Activity performed in the park 

• v_Situation: Vector with the possible situations of the person 

 

The draft parameterization (D2.3) present a profiles definition based just in 6 

attributes: Age, Gender, ChildrenFamU, AutisticDisorder, HouseType and Dog. The 

value of these attributes can be strictly fixed, can be just a minimum or a maximum 

value, or it can be a minimum and a maximum, defining a bounded range of values. 

Table 2 presents the profile P1 defined in D2.3 and its explanation is: child less than 

1 year old; it can have some brother or sister due to ChildrenFamU has a minimum 

value of 1, but without maximum; without any relation with autistics 

(AutisticDisorder = 0), living in an apartment (HouseType = 1), and without dog 

(Dog = 0). Table 3 presents another example of profile with a woman between 23 

and 35 and at least one children in the family unit. 

 

Attribute	   Value	   Min	   Max	  

Age	   	   0	   1	  
Gender	   	   	   	  
ChildrenFamU	   	   1	   	  
AutisticDisorder	   0	   	   	  
HouseType	   1	   	   	  
Dog	   0	   	   	  

Table 2: Profile P1 

 

Attribute	   Value	   Min	   Max	  
Age	   	   23	   35	  
Gender	   F	   	   	  
ChildrenFamU	   	   1	   	  
AutisticDisorder	   0	   	   	  
HouseType	   1	   	   	  
Dog	   0	   	   	  

Table 3: Profile P15 
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5.2.6 Time Frames 

The time when people go to the park can be different depending on the profiles and 

on the day of the week. At the same time, children can go to the park with some 

companion during the week, and different or complementary companion during the 

weekend. For example, going just with the mother during the week and with mother 

and father during the weekend. 

Time frames are not the exact time when people go to the park, are intervals in 

which people use to go to the park, but each person or family use to stay different 

amount of time in the park. For example, inside the time frame from 9:00 to 12:00 

during the weekend, a family living in an apartment can go to the park around 10:00 

and stay there during one or two hours playing in the playground, sitting around a 

table, playing on the grass, etc.; in contrast, a family living in a house (with garden) 

may be go to the park latter and just for an hour to play in the playground because 

they can sit around a table at home, and even play on the grass at home. 

Therefore, the rules will indicate the time frame, but the exact hour and the duration 

of the stay will be generated every day. Some people even visit the park more than 

once per day, especially during the weekend, and that is also considered. 

Times frames defined are: 

• 9:00 - 12:00 

• 12:00 - 15:00 

• 15:00 - 17:00 

• 17:00 - 20:00 

• 20:00 - 00:00 

• 00:00 - 9:00 

 

5.2.7 Rules Definition 

After describing the necessary elements to define the rules, the structure of the rules 

is presented in Table 4 to make it more understandable than just explaining the rule. 

Each rule has its ID and a main profile, which is used as the main element instead of 

using the rule ID. Thus, there will be a table for each possible main profile ID, and 

this table will bigger or smaller depending on the number of rules with the same 

main profile ID. As it can be seen in Table 4, for each rule there is: 
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• The main profile 

• The rule ID 

• A time frame (or more than one if the rules share all the elements but the 

time) 

• A cell indicating if it is a rule for week (W) or weekends (WE), and even can 

be indicated week and weekend (W-WE) at the same time if nothing else 

changes 

• A set of purple cells will include the possible companion of the main profile. 

Some time could be forced companion, and some times just possible but not 

obligatory 

• Blue cells are for the activities IDs that the main profile use to perform in the 

park 

• Green cells are for the percentage of preference for the activity in the cell 

above 

 

In addition, companion IDs will be coloured to differentiate their obligatory: 

• Black IDs indicate that the companion of this person is indispensable 

• Blue IDs indicate that at least one person in blue must be the companion, 

but there can be more than one 

• Green IDs indicate that one of the green IDs can be a companion but it is 

not indispensable 

 

Main	  
Profile	  

Rule	  ID	   Time	  frame/time	  frame/time	  frame/time	  frame	   Week/Weekend	  (W/WE)	  
	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  

Rule	  ID	   Time	  frame/time	  frame/time	  frame/time	  frame	   Week/Weekend	  (W/WE)	  
	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  

Table 4: Rules Specification 

 

P15	  

R1	   09:00	  -‐	  12:00	  /	  15:00	  -‐	  17:00	   W	  
ID_Child_P1	   	   A1	   A2	   A3+A4	   	   	   	   	   	  
	   	   40%	   40%	   20%	   	   	   	   	   	  

R2	   09:00	  -‐	  12:00	  /	  15:00	  -‐	  17:00	   WE	  
ID_Child_P1	   ID_father_P1	   A1	   A2	   A3+A4	   	   	   	   	   	  
	   	   40%	   40%	   20%	   	   	   	   	   	  

Table 5: Example of rules for a mother with a child less than one year old 
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Table 5 presents an example for a mother with a child less than one year old. She 

use to go to the park always at the same time, during the week and the weekend; 

however, during the week she goes alone and her husband can go with her during 

the weekend (this is the reason for the green colour). She always goes with her child 

(which belongs to profile P1) and use to walk through the park pathways (A1), sit on 

a bench (A2) maybe talking with other mums, or sit around a table while feeding the 

child (A3+A4). Each activity has its percentage of preference, and they all together 

add up to 100%. 

All the rules are presented in deliverable D2.3, as part of the parameterization. 

5.2.8 Rules Visualization 

Visualization presented in this section can be extended to other policy user cases 

(domains) if they are based on cause effect rules. 

In order to let simulation end users easily understand the main rules, it is important 

to present these rules in an easy (understandable) manner. WP2 and WP5 are 

working on the visualization of these rules and a draft idea has been already agreed. 

The final visualization will be defined through a cyclic process, in which once the first 

model will be finished it will be easier to understand what must be visualized and 

how. 

Figure 13 presents a UI mock-up (with visualization by age selected) that shows how 

the visual navigation through the rules and the rules-settings can be provided. Figure 

14 shows the same visualization after selecting a certain age (3 - 6 years). And 

Figure 15 shows another kind of visualization difficult to explain without the 

implementation. 
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Figure 13: Mock-up for Rules Based Visualization 1. Age selected 

 

 
Figure 14: Mock-up for Rules Based Visualization 1. Age range 3-6 years selected 
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Figure 15: Mock-up for Rules Based Visualization 2 

 

5.3 CPN Model Specification 

In this section it is summarized the main aspects of the causal CPN model library 

developed for the Green Park design in Zagreb Pilot. 

The causal models has been developed considering the spatial and temporal 

dimensions of the green park design rules  under a vector formulation, trying to fulfil 

the expectations of a decision support system for planners that should consider the 

citizens preferences together with the autistic restrictions. The model library 

considers all the rules obatined during the field work and the modeling tasks. 

 

The acceptability of a particular distribution of capacities between zones in the green 

park will depend among others of the residential context and the autistic 

requirements. Thus, the CPN model must consider aspects such as: 

• Elderly people: Residents above 65 years old (retired people) with an acceptable 

healthy conditions (mobility) could be users of a green area close to their home. 

• Family residents: Parents with young kids could be users of a green area during 

week-ends or after school hours. The green area should be located close to their 

home or close to the school.  

• Unemployed people: Parks are frequented by people without job obligations.  
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There are other aspects that can affect the occupancy of the park zones, such as the 

weather conditions (i.e. rainy area), security conditions in the neighbourhood area, 

accessibility, amount of green areas located near the proposed area, etc. Some of 

these aspects will be modelled as boundary conditions which can be seen as 

predictions that can change on a time basis. 

  

5.3.1 Relevant green park state variables 

The relevant information of a system to predict its dynamic behaviour is usually 

formalized as state variables, which are specified as place nodel in the CPN model. In 

this subsection, it is described how the state information is distributed in different 

place nodes. 

5.3.1.1 Zones of the green park 

In order to predict the benefits and shortages of the different designs, the causal 

model must specify the use of the different zones in which the different activities can 

be performed. Thus, the main attributes formalized in CPN to describe the zones 

under study are: 

 

Attribute Meaning 

z_id Zone Identifier: Each value corresponds to certain zone 
functionality. For example: 

1: Playground with games 1, for little children (swings) 

2: Playground with games 2, for younger school age  

3: Playground with games 3, for adolescents  

4: Sandbox 

z_cap Zone capacity: This value is normalized to the amount of citizens 
that could share the zone in the same time interval.  

z_curact Zone Current Activity: There are zones which support more than 
1 activity. This attribute stores the type of activity which it is 
currently performed. 
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z_ac Zone Acceptability: Records the amount of citizens which 
performed an activity in this zone. 

z_rej Zone Rejections: Records the amount of citizens which has not 
been allowed to perform an activity in this zone, probably due to 
a lack of capacity. 

 

5.3.1.2 Citizens  

The main users of the green park will be neighbourhood citizens, autistic citizens, 

and personnel that take care of the autistic people. Their preferences, activities and 

incompatibilities are described as citizens’ profiles, which specify the citizens’ 

preferences among a subset of activities. The particular activity to be performed will 

depend on the capacity availability of the zone at the particular time the citizen 

intends to start the activity, and a stochastic process which will foster diversity 

between the subset of accepted activities. Thus, the main attributes formalized in 

CPN to describe citizens are: 

 

Attribute Meaning 

c_pid Citizen Profile Identifier: Citizen’s affinities and incompatibilities 
are determined by certain characteristics such as: Age, Gender, 
ChildrenFamU, AutisticDisorder, HouseType and Dog ownership 
among others.  

Thus, profile identifier 7 corresponds to a female citizen between 
10-13 years old, with 1 child in her family, living in a flat with no 
autistic disorder in the family.  

As another example, a profile identifier 103 corresponds to a 
male citizen between 10-13 years old, with an autistic disorder. 

c_np Citizen Number of companion People: It has been reported that 
access to green park areas obeys to certain patterns. Thus, a kid 
below 7 years old usually is accompanied by one of his parents 
at least. This value is used to specify the amount of citizens that 
will occupy 1 space in the zone where the activity will be 
performed.  

c_p1 Citizen Preference nº 1: Among the different activities that could 
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be performed by the citizen profile in the green park, this 
attribute identifies the activity with the first preference. 

c_p2 Citizen Preference nº 2: Among the different activities that could 
be performed by the citizen profile in the green park, this 
attribute identifies the activity with the second preference. 

c_p3 Citizen Preference nº 3: Among the different activities that could 
be performed by the citizen profile in the green park, this 
attribute identifies the activity with the third preference. 

c_p4	   Citizen Preference nº 4: Among the different activities that could 
be performed by the citizen profile in the green park, this 
attribute identifies the activity with the fourth preference.	  

c_dur	   Citizen Duration stance in the park: It has been reported that 
the length of the stance in the green park performing a certain 
activity is random but can be described according to certain 
patterns. This value is used to generate a random value to 
describe the duration activity time 

c_nvp	   Citizen number of positive visits: It has been reported that 
certain citizen’s profile perform more that 1 activity in the park. 
Thus, for example, early morning they walk with the dog, while 
afternoon they are back to play around with the kids. This 
attribute is used to record the amount of visits performed to the 
park every day. 

c_nvn	   Citizen number of negative visits: This attribute is quite similar 
to the c_nvp attribute, but it records the amount of visits 
performed to the park in which the citizen couldn’t perform the 
intended activity. 

 

Despite a citizen profile could have attached an activity subset with more than 4 

activities, in the CPN model it has been considered only the 4 activities with highest 

priority for verification and validation purposes. In the final MAS model, the full 

subset of activities reported in each profile will be considered.  

5.3.1.3 Activities  

The main users of the green park will be neighbourhood citizens, autistic citizens, 

and personnel that take care of the autistic people. Their preferences, activities and 

incompatibilities are described as citizens’ profiles, which specify the citizens’ 
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preferences among a subset of activities. The particular activity to be performed will 

depend on the capacity availability of the zone at the particular time the citizen 

intends to start the activity, and a stochastic process which will foster diversity 

between the subset of accepted activities. Thus, the main attributes formalized in 

CPN to describe citizens are: 

 

Attribute Meaning 

a_id Activity Identifier: Each value corresponds to a certain activity.  
For example: 

1: Walking through the park pathway 

2: Sitting on a bench 

3: Sitting around a table 

4: Feeding children 

5: Playing in the Sandbox 

a_nca_id Activity Zone identifier: Certain activities can be performed in 
different zones, considering their present capacity. This attribute 
identifies the best zone identifier to perform the activity.  

a_nca_id2 Activity Zone identifier 2: Similar to a_nca_id attribute, this value 
identifies the second preferred zone identified to perform the 
activity. 

a_nca_id3 Activity Zone identifier 3: Similar to a_nca_id attribute, this value 
identifies the third preferred zone identified to perform the 
activity. 

a_nca_id4 Activity Zone identifier 4: Similar to a_nca_id attribute, this value 
identifies the fourth preferred zone identified to perform the 
activity. 

 

Despite an activity could be performed in more than 4 different zones in a green 

park, in the CPN model it has been considered only the 4 zones with highest priority 

for verification and validation purposes. In the final MAS model, the full subset of 

compatible zones for each activity will be considered.  
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5.3.1.4 Compatibilities  

As it has been reported, there are several activities that can be performed in 

different areas. At the same time, is has also been reported that in one area there 

area several activities that could co-exist during the same period of time. It is 

important to note that despite a zone could accept two or more different activities, 

those may be are incompatible and cannot co-exist during the same time frame.    

Thus, the main attributes formalized in CPN to describe activity compatibilities are: 

 

Attribute Meaning 

C_a-id1 Activity Identifier 1: Identifier of the activity.  For example: 

1: Walking through the park pathway 

2: Sitting on a bench 

3: Sitting around a table 

4: Feeding children 

5: Playing in the Sandbox 

C_z-id2 Activity Identifier 2: Identifier of the activity.  For example: 

15: Riding a bicycle 

16: Playing football 

17: Playing basketball 

18: Skateboarding 

 

 

Each pair of compatible activities in a zone will be described by a token with these 2 

attributes. 

5.3.2 Relevant Events in the green park design 

The main dynamics considered in the green park design to achieve a trade-off 

between neighbourhoods’ affinities and autistic centre necessities are described as 

transitions in the next table:  
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Transition Meaning 

T0	   Initialization of the CPN model using the Boundary Conditions that 
specify the simulation scenario: Initializes the zones, citizens, and 
activities with all the attributes defined in the previous section. 

T1 Arrival to the green park through one access point: This transitions 
will evaluate the distribution of access and exit points considering 
different arrival patterns (i.e. near a school, near a residential 
area,..) 

T2 Walking through the park path to a certain zone: This transition will 
evaluate the densification of the designed pathways. 

T3 Checking for a certain activity considering preferences, zone capacity 
and activities compatibility: Since citizen’s profile specify a subset of 
activities, this transition will evaluate the densification of the 
different zones where the activity can take place to choose using 
also a stochastic process the zone to perform the activity.  

T4 Initialization of the activity: This transition generates a time duration 
by means of a stochastic process, and updates the occupancy (i.e. 
available capacity) of the zone during the time frame. This transition 
is also responsible to compute the failures of performing a certain 
activity due to lack of capacity in the zone (c_nvn: Citizen number of 
negative visits attribute) 

T5 Finalization of the activity: This transition generates a time duration 
by means of a stochastic process, and updates the occupancy (i.e. 
available capacity) of the zone during the time frame. 

T6 Walking through the park path to an exit access point: This 
transition will evaluate the densification of the designed pathways. 

T7 Leaving the green park through one exit point: This transition will 
evaluate the distribution of access and exit points considering 
different leaving patterns.  

T8 Balancing zones with compatible activities: This transition is not part 
of the park dynamic, instead it will be implemented in the observer 
agent, and will try to deal with a better trade-off between the zones 
capacities by redistributing the activities that can be performed in 
each zone.  

T9 Distributing non compatible activities through different zones: This 
transition is not part of the park dynamic, instead it will be 
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implemented in the observer agent, and will try to deal with a better 
trade-off between the zones capacities by redistributing the activities 
that can be performed in each zone. 

T10 Relaxing incompatible activities considering their time duration: This 
transition is not part of the park dynamic, instead it will be 
implemented in the observer agent, and will try to deal with a better 
trade-off between the zones capacities by relaxing some 
incompatibilities considering a limit time duration.  

T11 Introducing time constraints for certain activities: This transition is 
not part of the park dynamic, instead it will be implemented in the 
observer agent, and will try to deal with a better trade-off between 
the zones capacities by considering the time densification of the 
activities.  

 

As it has already been described, transitions T8, T9, T10 and T11 are not part of the 

park dynamics, instead they are used as decision support tool to deal with a good 

trade-off between the zones distribution considering the particular conditions 

specified in the simulation scenario (boundary conditions). These transitions will be 

implemented in a particular agent (observer agents) in the MAS model, whose 

behaviour can be activated or deactivated considering the end-user simulation 

objectives: 

• Deactivated: To evaluate a specific zone capacity distribution. Some end-users 

would like to check for the benefits/shortages of a certain distribution of 

capacities. The evaluation of a particular scenario specified by end-users is 

one of the key features of FUPOL simulation models to foster a mutual 

learning process regarding urban policies. 

• Activated: Given a certain scenario (boundary condition specifications), the 

objective too run a simulation is to deal with an acceptable distribution of 

zones capacities that could satisfy the maximum citizen needs while 

minimizing the amount of conflicts. 
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5.3.3 Coloured Petri Net Model Description 

The description of the causality of the different events that can affect the occupancy 

of the zones defined in the green park, has been defined using the CPN modelling 

formalism. With the use of the CPN causal models, the green park design can take 

into account not only the influences by the surrounding areas (adjacent cells) but 

also the interaction between zones that affect the final park design.  

 

In order to simulate the policy acceptability according to a certain time horizon, some 

citizen attribute information can change on a time based mechanism according to the 

boundary conditions. Thus, a prediction of a new residential area, or a new school in 

the neighbourhood area can be considered to evaluate the impact in the park design.  

 

Next Figure illustrates the CPN model of transition T4 and T5: Initialization of an 

activity in one zone, and its finalization.  

 

 
Figure 16: CPN model of transitions T4 and T5 

 

The arc expressions used in the model of transitions T4 and T5 are described in the 

next table: 
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a1 1`(z_id, z_cap,z_curact,z_ac,z_rej) 
a2 if (z_cap >= c_np) then 1`(z_id, z_cap-c_np,XX,z_ac+1,z_rej,clock+c_dur) 

else 1`(z_id, z_cap-c_np,XX,z_ac,z_rej+1,clock+c_dur) 
a3 1`(c_a_id1, c_a_id2) 
a4 1`(c_a_id1, c_a_id2) 
a5 1`(c_pid,c_np,c_p1,c_p2,c_p3,c_p4,c_dur,c_nvp,c_nvn) 
a6 if (z_cap < c_np) then 1`(c_pid,c_np,c_p1,c_p2,c_p3,c_p4,c_dur,c_nvp,c_nvn+1) 

else empty 
a7 if (z_cap >= c_np) then 1`(c_pid,c_np,c_p1,c_p2,c_p3,c_p4,c_dur,c_nvp+1,c_nvn) 

else empty 
a8 1`(a_id, a_nca_id, a_nca_id2,a_nca_id3,a_nca_id4) 
a9 1`(a_id, a_nca_id, a_nca_id2,a_nca_id3,a_nca_id4) 
a10 1`(c_pid,c_np,c_p1,c_p2,c_p3,c_p4,c_dur,c_nvp,c_nvn) 
a11 1`(z_id, z_cap,z_curact,z_ac,z_rej) 
a12 1`(z_id, z_cap+c_np,z_curact,z_ac,z_rej) 
 

Considering for example arc expression a6, it just compute that in case there is no 

enough capacity in the zone to perform a certain activity, the citizen (and the 

accompanying persons) will record in the attribute c_nvn that his expectations failed. 

 

The guard expression of transition T6 is: 

[(c_p1 = a_id || c_p2 = a_id || c_p3 = a_id ||c_p4 = a_id) 

&& 

z_cap> c_np  &&  z_curact = c_a_id &&a_id = c_z_id] 

 

This boolean expression checks for all the pre-conditions required to initialize a 

certain activity in a zone of the green park. Thus, it is checked if there is enough 

capacity in the zone (z_cap> c_np), if the current activity that is taking place in the 

zone is compatible with the activity the citizen intends to perform (z_curact = c_a_id 

&&a_id = c_z_id), and also checks that the activity to be performed should be one of 

the subset of activities defined in the citizen’s profile (c_p1 = a_id || c_p2 = a_id || 

c_p3 = a_id ||c_p4 = a_id). 

 

5.3.4 CPN Model Validation 

Model validation is defined as the process of determining the degree to which a 

model is an accurate representation of the real world from the perspective of the 

intended use of the model. 
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Generally speaking, the quality of the model can be judged with respect to several 

features. The most important ones are model purposiveness, model falseness and 

model plausibility (Bohlin, 1991; Sage, 1992;Zele, Juricic, Strmcnik,& Matko, 1998): 

 

• Model Purposiveness: A model is always developed with a certain purpose, i.e. 

with the aim to solve a certain problem. Therefore the ultimate validation of 

the model is to test whether the problem that motivated the modelling 

exercise can be solved using the obtained model. Testing of model 

purposiveness might be often impossible, too expensive, time consuming, 

dangerous, etc. In some cases the mentioned problems can be alleviated by 

testing the solution in a simulation environment based on the process model. 

However, such an approach only partially solves the problem and is still 

difficult to perform.  

 

• Model Plausibility: Assessment of model plausibility is tightly related to expert 

judgement of whether the model is good or not. The level of plausibility, or 

better said the expert opinion about it, is basically related to two features of 

the model. 

The first one considers the question whether the model “looks logical”. This 

question concerns characteristics of the model structure (type of 

equations/rules, connections between equations/rules, etc.) and its 

parameters, and is relevant when the model is derived from first principles or 

well accepted hypothesis. If the structure and the parameters are feasible, 

which means comparable to what experts know about the real process, then 

the confidence into the model is greater. 

The second one is related to the question whether the model “behaves 

logically”. This part concerns assessment of the reaction of the model outputs 

(dynamics, shape, etc.) to typical events (scenarios) on the inputs. If the 

model in different situation reacts in accordance with expectations of the 

experts, then again our confidence about its validity is increased.  

 

• Model Falseness: Falsification is the most widely used approach to the 

validation of models and is related to direct comparison of input–output data 
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from the model and from the real system. However, also within this validation 

area the methods substantially differ concerning the applied principles. The 

basic distinction concerns the questions what is compared and how it is 

compared. 

 

Purposiveness (usefulness) tells whether a model satisfies its purpose. Falseness is 

related to agreement with measurements (data) coming from the real system to be 

modelled (a falsified model is one, which is contradicted by data). Plausibility, also 

referred to as “conceptual validity” or “face validity”, expresses the conformity of the 

model with a priori knowledge about the process. 

 

5.3.4.1 Coverability tree for purposiveness and plausibility validation 

Note that an urban policy model can be defined by a set of actions. Actions, to be 

executed, have to be triggered by some agents, which may be generated by two 

different sources: 

• Externally to the policy: From the environment in which the policy will be 

applied, mainly citizens and triggered changes in the boundary conditions. 

• Internally to the policy: Some system states activates procedures described in 

the policy.  

 

For example, consider a zone in the green park designed for autistic people 

integration. A happening in the environment, such as the arrival to the zone of young 

people to play around, affects the state of the zone by triggering the actions that 

perform the updating of the amount of people in the zone, and the activities that co-

exist. Obviously, not all the happenings in the real world affect the state of a zone in 

the green park. The model responds only to certain happenings in the real world -- 

those defined by the modeller. 

The second aspect of action triggering is concerned with the effect that some actions 

executed in one part of the system have on another part. For example, referring 

again to the arrival of young people to a zone, the result of increasing the density of 

this zone could invoke other actions such as other citizens should perform their 

intended activity in another area of the park. Thus, it is easy to note the evolutionary 
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aspects of a green park policy as a collection or actions that are executed whenever 

an appropriate social context is achieved.  

An event can be seen as a Boolean expression which when evaluated to true invokes 

a set of actions that change the state of the system. An event can be generated in 

the environment of the green park or within the system itself. The former type will 

be called external eventl and the latter internal event. 

The detailed specification of actions is accommodated using the concept of a 

procedure. The proposed model follows an event-driven approach in that a 

procedure is always attached to an entity. A 'procedure" represents a set of actions 

that an entity suffers or that are required by another entity. 

 

Model purposiveness and model plausibility of the green park CPN model has been 

performed using the coverability tree analysis tool. 

One of the most powerful quantitative analysis tools of PN and CPN is the coverablity 

tree. The goal of the coverability tree is to find all the markings which can be 

reached from a certain initial system state, representing a new system state in each 

tree node and representing a transition firing in each arc. The coverability tree 

allows: 

• All the Green park states (markings) that can be reached starting from certain 

initial system conditions M0. 

• The transition sequence to be fired to drive the system from a certain initial 

state to a desired end state. 

 

 
Figure 17: First two levels of a coverability tree 
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In the first level of Figure 17: First two levels of a coverability tree, the state vector 

of the CPN model with 8 Places is represented. In each position of the vector, the 

tokens and its colours stored in each place node are represented. Given this initial 

marking, the only enabled events are those represented by transition T1 and 

transition T2. It should be noted that transition T2 could be fired using three 

different combinations of tokens (i.e. different entities). Once a transition has been 

fired, a new state vector is generated. Thus, a proper implementation of a CPN 

model in a simulation environment should allow automatic analysis of the whole 

search space of the system by firing the different sequences of events without 

requiring any change in the simulation model. 

The coverability tree of the green park CPN model has been analysed for a reduced 

amount of entities, obtaining as main results: 

• The sequence of actions obeys to the logic reaction of the model outputs to 

the different events activated by the context. Thus, for example, when all the 

zones are above their capacity the new citizens arrivals are not allowed to 

perform no one of their preferred activities. 

• The state change behaves as it was reported by the fieldwork. The different 

real context specifications (i.e. early morning no kind in the play a round 

zones, only people walking with a dog and walking through the park pathway) 

has been obtained in the coverability tree. 

 

This validation provides the confidence that the MAS model will be complete. Thus, 

by the proper tuning of the parameters, it should be possible to obtain a good 

prediction of the reality (i.e. validation for model falseness). 

 

5.4 FCM Model Specification  

5.4.1 Methodology for constructing the FCM for Zagreb Green Park Design 

next to the Autistic Centre 

The idea is to construct a fuzzy cognitive map for each candidate Zone based on the 

Zone profiles reported in Section 5.2.1; each Zone profile being characterized by the 
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different activities that could be performed therein. Those activities will constitute the 

zone-specific set of concepts of that map. 

The next step constitutes of the assembly of user profiles based on the Sensory 

Profile that is a 125-item questionnaire that describes responses to sensory events in 

daily life. Therefore, the user sensory profile is constructed by the caregiver, which 

reports, on a 5-point Likert scale, how frequently, the child or adolescent, uses a 

given response to particular sensory events (e.g., always, frequently, occasionally, 

seldom or never).  We have used for this draft FCM, the extensive literature on the 

subject (Dunn 1997, 1999, Watling, R., Deitz, J., & White, O. 2001), but we aim to 

populate the FCMs with real sample data coming from children with autism in the 

Zagreb Autism centre but also from children of typical development currently living in 

the neighbourhood. 

Then for a given candidate zone (e.g. Z3: Playground with games, for adolescents), 

we shall take each concept (e.g. spinning on playground roundabouts) and describe 

it according to the 9 Sensory Profile Factors firstly reported by Dunn & Brown in 

1997. This description shall be done in the sense of answering the following 

question: « Which Sensory Profile Factors will probably be manifested with the 

performance of that specific activity by autistic and non-autistic users? »  

Therefore for the concept «C1: Spinning on playground roundabouts» the following 

set of factors are active: sensation seeking, emotional reaction, low endurance/tone, 

inattention/distractibility, poor registration, sensor sensitivity and fine 

motor/perceptual.  

This exercise leads to population of the next set of concepts that play a vital role in 

our FCM for that candidate zone. In fact this step also provides us with the causal 

relationships between the concepts of the first set and of the latter. 

Lastly a final set of concept will be incorporated into the map that includes a total of 

three concepts, ‘Resting’, ‘Fatigue’, ‘Security/Safety’ and ‘Zone Usability/Efficiency’. 

Other factors could also have been included in the FCM like ‘Accessibility’ and ‘Noise 

Levels’, but since these factors are common in all FCM it was deemed appropriate to 

not be considered (at least at this phase of the project). 

After consulting various experts the FCM will be finalized and all the descriptions of 

the concepts and their corresponding activation levels, the causal relationships and 

their normalized weights are denoted, we can proceed with the simulation. It is 
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important at this stage to note that in order to increase the reliability of the weight 

matrix; we have followed Kosko’s1 suggestion on consulting more that one expert. 

Assuming that all experts are consulted with the experience evaluated on a one to 

ten scale, let Si be the score of expert i and Wi the weight of matric of the FCM 

defined by that expert. The final weight matrix is then given by a normalized sum 

according to the following formula: 

 

Our central concept is of course ‘Zone Usability/Efficiency’ and this shall be attested 

by the various metrics that can indicate this, like for example node centrality and 

number of positive and negative cycles within the map.  While concluding the 

simulation for the FCM of the first candidate zone and in extend our FCM reaches 

equilibrium, we shall then record on a table the final activation level of our central 

note (‘Zone Usability/Efficiency’). Then we shall repeat this procedure for each 

different candidate zone and we will keep recording on the before-mentioned table 

all final activation levels. In the end we will conclude with a ranking of each 

candidate zone and by respecting the physical constraints of the green park in 

Zagreb (2000sq.m) we shall advise the city of Zagreb accordingly. 

 

5.4.2 Main Instrument for creating (sensory) profiles of children with 

autism 

The Sensory Profile is a 125-item questionnaire that describes responses to sensory 

events in daily life. The caregiver reports on a 5-point Likert scale how frequently the 

child or adolescent uses a given response to particular sensory events (e.g., always, 

frequently, occasionally, seldom or never). 

Normed on more than 1.000 children without disabilities and 150 children with 

disabilities (Dunn, 1999), the Sensory Profile measures the degree to which children 
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exhibit problems in (a) sensory processing, (b) modulation, and (c) behavioural and 

emotional responses, called Section scores. Examiners can also calculate Factor 

scores, which are clusters of scores derived from a factor analysis study indicating 

that a child’s level of responsivity was an important consideration (i.e., 

hyporesponsive, hyperresponsive). 

The Sensory Profile provides information about the possible contributions of sensory 

processing to a child’s individual performance patterns, provides information about 

the child’s responses to stimuli, and identifies sensory systems that may be 

contributing to or creating barriers to functional performance. A lower score reflects 

poorer performance (i.e., a higher rate of behaviour, because items are written to 

reflect potential difficulty with the sensory experience). That is, if a child never 

engages in a given behaviour, he or she obtains a raw score of five, whereas if the 

child always engages in the behaviour, he or she receives a raw score of one. 

 

The completed Sensory Profile questionnaires were scored according to guidelines 

presented at the 1996 American Occupational Therapy Association Annual 

Conference (Ermer & Dunn, 1996) and later published in the Sensory Profile User’s 

Manual (Dunn, 1999). Each parental response was converted to a numerical value 

corresponding to the frequency of each behaviour (i.e., 1 = always, 5 =never). Using 

this conversion, behaviours that occur frequently receive low scores. The Sensory 

Profile items are written such that frequent behaviours are undesirable. For example, 

a child who received a 1 for “twirls/spins self frequently throughout the day,” would, 

according to parent report, always demonstrate this behaviour, whereas a child who 

received a 5 on this item would never display the behaviour. Thus, low scores are 

undesirable because they suggest that a child has sensory processing difficulties, and 

high scores are desirable because they suggest appropriate responses to sensory 

stimuli. 

 

Sensory Profile Item Categories 

Sensory Processing 



Page 79 

Auditory Processing: The items included in the Auditory section measure the 

child’s responses to things heard (e.g., “Is distracted or has trouble functioning if 

there is a lot of noise around”). 

Visual Processing: The Visual section includes items that measure the child’s 

responses to things seen (e.g., “Is bothered by bright lights after others have 

adapted to the light”). 

Vestibular Processing: This section measures the child’s responses to movement 

(e.g., “Becomes anxious or distressed when feet leave the ground”). 

Touch Processing: The Touch section measures the child’s responses to stimuli 

that touch the skin (e.g., "Becomes irritated by shoes or socks”). 

Multisensory Processing: Items in this section measure the child’s responses to 

activities that contain a combined sensory experience (e.g., “Seems oblivious within 

an active environment”). 

Oral Sensory Processing: The oral Sensory section measures the child’s responses 

to touch and taste stimuli to the mouth (e.g., “Limits self to particular food 

textures/temperatures”). 

 

Modulation 

Sensory Processing Related to Endurance/Tone: This section measures the 

child’s ability to sustain performance (e.g., “Poor endurance/tires easily”). 

Modulation Related to Body Position and Movement: Items in this section 

measure the child’s ability to move effectively (e.g., “Takes movement or climbing 

risks during play that compromise personal safety”). 

Modulation of Movement Affecting Activity Level: This section measures the 

child’s demonstration of activeness (e.g., “Spends most of the day in sedentary 

play”). 

Modulation of Sensory Input Affecting Emotional Responses: These items 

measure the child’s ability to use body senses to generate emotional responses (e.g., 

“Rigid rituals in personal hygiene”). 
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Modulation of Visual Input Affecting Emotional Responses and Activity 

Level: Items in this section measure the child’s ability to use visual cues to establish 

contact with others (e.g., “Stares intensively at objects or people”). 

 

Behavioural and Emotional Responses 

Emotional/Social Responses: Items in this section indicate the child’s 

psychosocial coping strategies (e.g., “Has fears that interfere with daily routine”). 

Behavioural Outcomes of Sensory Processing: Items in this section indicate the 

child’s ability to meet performance demands (e.g., “Has difficulty tolerating changes 

in plans and expectations”). 

Items Indicating Thresholds for Response: This section includes items that 

indicate the child’s level of modulation (e.g., “Jumps from one activity to another so 

that it interferes with play”). 

 

Factor Scores 

Sensation Seeking: The items included in this factor reflect the child’s interest in 

and pleasure with sensory experiences in everyday life. 

Emotionally Reactive: The items included in this factor reflect the child’s affective 

responses to sensory experiences in everyday life. 

Low Endurance/Tone: The items included in this factor reflect the child’s ability to 

use muscle tone to support self while engaging in activity. 

Oral Sensory Sensitivity: The items included in this factor reflect the child’s 

responses to textures, tastes and smells, particularly related to foods. 

Inattention/Distractibility: The items included in this factor reflect the child’s 

tendency to be pulled away from activities due to external stimuli, particularly 

sounds. 

Poor Registration: The items included in this factor reflect the child’s tendency to 

miss cues from sensory experiences in everyday life. 
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Sensory Sensitivity: The items included in this factor reflect the child’s level of 

detection of movement stimuli during everyday life experiences. 

Sedentary: The items included in this factor reflect the child’s tendency to be 

passive during everyday life. 

Fine Motor/Perceptual: The items included in this factor reflect the child’s ability 

to use hands. 

 

 

Factor Analysis Item List (Dunn & Brown, 1997) 

 

Factor 1: Sensory Seeking 

Movement 10: Takes excessive risks during play 

Movement 11: Takes movement or climbing risks during play that compromise 

personal safety 

Movement 9: Continually seeks out all kinds of movement activities 

Body Position 1: Seeks opportunities to fall without regard to personal safety 

Movement 5: Seeks all kinds of movement, and this interferes with daily routines. 

Movement 14: Twirls/spins self frequently throughout the day 

Body Position 7: Appears to enjoy falling 

Movement 17: Becomes overly excitable after a movement activity 

Movement 18: Turns whole body to look at you 

Touch 21: Always touching people and objects 

Auditory 3: Enjoys strange noises/seeks to make noise for noise sake 

Emotional/Social 5: Is overly affectionate with others 

Activity Level 1: Jumps from one activity to another so frequently it interferes with 

play 

Body Position 2: Hangs on other people, furniture, objects even in familiar situations 

Touch 23: Doesn’t seem to notice when face or hands are messy 

 

Factor 2: Emotionally Reactive 

Emotional/Social 11: Has difficulty tolerating change in plans and expectations 

Emotional/Social 10: Displays emotional outbursts when unsuccessful at a task 
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Emotional/Social 20: Poor frustration tolerance 

Emotional/Social 21: Cries easily 

Emotional/Social 15: Has difficulty tolerating changes in routines 

Emotional/Social 8: Seems anxious 

Emotional/Social 6: Is sensitive to criticisms 

Emotional/Social 2: Seems to have difficulty liking self 

Emotional/Social 12: Expresses feeling like a failure 

Emotional/Social 13: Is stubborn or uncooperative 

Emotional/Social 7: Has definite fears 

Emotional/Social 4: Has trouble “growing up” 

Emotional/Social 14: Has temper tantrums 

Emotional/Social 3: Needs more protection from life than other children 

Emotional/Social 24: Has difficulty making friends 

Emotional/Social 23: Overly serious 

 

Factor 3: Low Endurance/Tone 

Body Position 3: Seems to have weak muscles 

Body Position 4: Tires easily, especially when standing or holding a particular body 

position 

Body Position 9: Has a weak grasp 

Body Position 5: Locks joints for stability 

Body Position 10: Can’t lift heavy objects 

Movement 20: Poor endurance/tires easily 

Body Position 11: Props to support self 

Body Position 8: Moves stiffly 

Movement 21: Appears lethargic 

 

Factor 4: Oral Sensory Sensitivity 

Taste/Smell 6: Shows preference for certain tastes 

Taste/Smell 5: Will only eat certain tastes 

Taste/Smell 4: Shows a strong preference for certain smells 

Taste/Smell 2: Avoids certain tastes/smells that are typically part of children’s diets 

Touch 12: Picky eater, especially regarding textures 
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Taste/Smell 8: Craves certain foods 

Taste/Smell 9: Seeks out certain taste/smells 

Touch 6: Limits self to particular food 

Taste/Smell 3: Routinely smells nonfood objects 

 

Factor 5: Inattention/Distractibility 

Auditory 2: Is distracted or has trouble functioning if there is a lot of noise around 

Activity Level 6: Difficulty paying attention 

Auditory 4: Appears not to hear what you say 

Auditory 6: Can’t work with background noise 

Auditory 7: Has trouble completing tasks when the radio is on 

Auditory 8: Doesn’t respond when name is called 

Visual 1: Looks away from task to notice all actions in the room 

 

Factor 6: Poor Registration 

Emotional/Social 18: Doesn’t express emotions 

Emotional/Social 19: Doesn’t perceive body language or facial expressions 

Emotional/Social 22: Doesn’t have a sense of humor 

Touch 22: Doesn’t seem to notice when someone touches arm or back 

Visual 18: Doesn’t notice when people come into the room 

Taste/Smell 10: Does not seem to smell strong odors 

Touch 20: Decreased awareness of pain and temperature 

Touch 9: Avoids going barefoot, especially in sand or grass 

 

Factor 7: Sensory Sensitivity 

Movement 1: Becomes anxious or distressed when feet leave ground 

Movement 2: Fears falling or heights 

Movement 3: Dislikes activities where head is upside down or roughhousing 

Movement 4: Avoids climbing, jumping, bumpy or uneven ground 

 

Factor 8: Sedentary 

Movement 19: Prefers sedentary activities 

Movement 6: Seeks sedentary play options 
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Activity Level 3: Spends most of the day in sedentary play 

Activity Level 4: Prefers quiet, sedentary play 

 

Factor 9: Fine Motor/Perceptual 

Visual 14: Has trouble staying between the lines when colouring or when writing 

Visual 7: Writing is illegible 

Visual 8: Has difficulty putting puzzles together 

Emotional/Social 14: Has temper tantrums 

 

The major finding from this study (see Watling, R. et all 2001) is that the scores of 

children with autism were significantly different from those of children without 

autism on 8 Sensory Profile factors: Sensory Seeking, Emotionally Reactive, Low 

Endurance/Tone, Oral Sensitivity, Inattention/Distractibility, Poor Registration, Fine 

Motor/Perceptual, and Other. This finding is consistent with the literature that 

describes hyposensitivities and hypersensitivities to sensory stimuli (Poor Registration 

factor), sensitivities to auditory and visual stimuli (Sensory Sensitivity factor), picky 

eating habits (Oral Sensitivity factor), poor attention and play skills 

(Inattention/Distractibility factor), poor coping and variability in emotional responses 

(Emotional Reactivity factor), hyperactivity (Sensory Seeking factor), and a variety of 

other abnormal perceptual responses (Other factor) among children with autism or 

pervasive developmental delays (see Baranek, Foster, & Berkson, 1997; O’Neill & 

Jones, 1997; Wing & Wing, 1971). 
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Figure 18: Distribution of scores for children with autism (n = 40) and children without autism (n = 
40) for each Sensory Profile factor. Low scores are undesirable and represent more frequent 
demonstration of the behaviours; high scores are desirable and represent infrequent demonstration 
of the behaviours. Note. * = scale of y axis is 40 on the Low Endurance/Tone graph. 

 

5.4.3 Main Concepts 

Zone 3 is chosen to illustrate how to develop a FCM. Zone 3 is the Playground with 

games, for adolescents. 
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5.4.3.1 Concepts Identification 

The first step when preparing a fuzzy cognitive map entails the identification of and 

rationale for those requisite concepts that constitute part of it. The following 

seventeen concepts have been selected based on the rationale explained before. 

 

C1: Usability of Zone 

C2: Sitting (on a bench) 

C3: Spinning (on the wheel) 

C4: Swinging 

C5: Sliding (on the slide) 

C6: Standing2 

C7: Sensory Seeking 

C8: Emotional Reactive 

C9: Low Endurance/Tone 

C10: Inattention/Distractibility 

C11: Poor Registration 

C12: Sensory Sensitivity 

C13: Sedentary 

C14: Fine Motor/Perceptual 

C15: Fatigue 

C16: Resting 

C17: Security/Safety 

 

Olive colour designates standard concepts; blue colour designates zone specific 

concepts while red designates sensory profile related concepts. 

 

5.4.3.2 Description of Concepts 

C1 Zone Usability/Efficiency: This is the central concept of our FCM. This concept 

measures the overall usability of the zone by both autistic and non-autistic 

individuals. 

                                       
2 Activities 28: Standing and 29: Standing with a pram are reported together. 
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C2 Sitting (on a bench): self-explanatory. 

 

C3 Spinning (on the roundabouts): self-explanatory. 

 

C4 Swinging: self-explanatory. 

 

C5 Sliding (on the slide): self-explanatory. 

 

C6 Standing: self-explanatory. 

 

C7 Sensory Seeking: this factor reflect the child’s interest in and pleasure with 

sensory experiences in this zone of the park. 

C8 Emotional Reactive: this factor reflect the child’s affective response to sensory 

experiences in this zone of the park. 

 

C9 Low Endurance/Tone: this factor reflect the child’s ability to use muscle tone 

to support self while engaging in activity. 

 

C10 Inattention/Distractibility: this factor reflect the child’s tendency to be 

pulled away from activities due to external stimuli particularly sounds. 

 

C11 Poor Registration: this factor reflect the child’s tendency to miss cues from 

sensory experiences in everyday life. 

 

C12 Sensory Sensitivity: this factor reflect the child’s level of detection of 

movement stimuli during everyday life experiences. 

 

C13 Sedentary: this factor reflect the child’s tendency to be passive during 

everyday life. 

 

C14 Fine Motor/Perceptual: this factor reflect the child’s ability to use hands. 
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C15 Fatigue: self-explanatory. 

 

C16 Resting: self-explanatory. 

 

C17 Safety/Security: this factor reflects the overal feeling of safety and security in 

the candidate zone. 

 

5.4.4 Guidelines and Model specification 

The second step in preparing fuzzy cognitive maps establishes the causal 

relationships (positive, negative, or neutral) amongst the various factors (concepts). 

This is a critical step because an articulate analysis is required to determine how and 

why the values of factors or concepts change over time. 

 

Zone Usability/Efficiency. This is our central node of our fuzzy cognitive map. 

The final activation levels of this concept will determine the overall rating of the 

candidate zone. 

 

Illustration of the Fuzzy Cognitive Map. Figure 19 presents all seventeen 

concepts of this fuzzy cognitive map. 
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Figure 19: FCM of Zagreb 

WEIGHTS 
 
ID CAUSE EFFECT EXPERT 01 EXPERT 02 NORM. WEIGHTS 
== ===== ====== ========= ========= ============= 
W01 C01 C02    +0.1000   +0.2000       +0.1438 
W02 C01 C03    +0.2000   +0.3000       +0.2438 
W03 C01 C04    +0.2000   +0.2000       +0.2000 
W04 C01 C05    +0.3000   +0.2500       +0.2781 
W05 C01 C06    -0.2000   -0.3000       -0.2438 
W06 C01 C10    +0.3000   +0.4000       +0.3438 
W07 C01 C15    +0.2000   +0.2500       +0.2219 
W08 C02 C01    +0.0500   +0.0500       +0.0500 
W09 C02 C16    -0.2000   -0.3000       -0.2438 
W10 C03 C01    +0.1500   +0.1000       +0.1281 
W11 C03 C08    +0.1500   +0.1000       +0.1281 
W12 C03 C10    +0.1000   +0.1500       +0.1219 
W13 C03 C15    +0.2500   +0.3000       +0.2719 
W14 C04 C01    +0.0500   +0.0500       +0.0500 
W15 C04 C08    -0.0500   -0.0500       -0.0500 
W16 C04 C15    -0.1000   -0.2000       -0.1438 
W17 C04 C16    +0.2000   +0.1500       +0.1781 
W18 C05 C01    -0.0500   -0.0500       -0.0500 
W19 C05 C08    +0.0500   +0.0500       +0.0500 
W20 C05 C10    -0.2500   -0.2000       -0.2281 
W21 C05 C15    +0.3500   +0.2000       +0.2844 
W22 C06 C15    +0.0500   +0.0500       +0.0500 
W23 C07 C01    +0.3000   +0.3500       +0.3219 
W24 C07 C02    -0.0500   -0.2500       -0.1375 
W25 C07 C03    +0.3000   +0.4000       +0.3438 
W26 C07 C04    +0.3000   +0.2000       +0.2562 
W27 C07 C05    +0.3000   +0.4500       +0.3656 
W28 C07 C06    -0.1500   -0.0500       -0.1063 
W29 C08 C03    -0.2000   -0.4000       -0.2875 
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W30 C08 C04    +0.4000   +0.2000       +0.3125 
W31 C08 C05    -0.1500   -0.0500       -0.1063 
W32 C08 C06    +0.1500   +0.1000       +0.1281 
W33 C09 C02    +0.2000   +0.2000       +0.2000 
W34 C09 C03    -0.4000   -0.3000       -0.3563 
W35 C09 C04    -0.1000   -0.2000       -0.1438 
W36 C09 C05    -0.2000   -0.3000       -0.2438 
W37 C10 C01    -0.3000   -0.1000       -0.2125 
W38 C10 C03    -0.1000   -0.1500       -0.1219 
W39 C10 C05    -0.0500   -0.1000       -0.0719 
W40 C11 C03    -0.0500   -0.0500       -0.0500 
W41 C11 C04    -0.1000   -0.1000       -0.1000 
W42 C11 C05    -0.0500   -0.1000       -0.0719 
W43 C12 C01    -0.1000   -0.2000       -0.1438 
W44 C12 C03    -0.2000   -0.2000       -0.2000 
W45 C12 C04    -0.1000   -0.1500       -0.1219 
W46 C12 C05    -0.2500   -0.2000       -0.2281 
W47 C13 C01    -0.2000   -0.2500       -0.2219 
W48 C13 C02    +0.3000   +0.4000       +0.3438 
W49 C13 C03    -0.2500   -0.3000       -0.2719 
W50 C13 C04    +0.2000   +0.3000       +0.2438 
W51 C13 C05    -0.2000   -0.2000       -0.2000 
W52 C13 C06    +0.2000   +0.2500       +0.2219 
W53 C14 C03    +0.1000   +0.1500       +0.1219 
W54 C14 C04    +0.0500   +0.1000       +0.0719 
W55 C14 C05    +0.1500   +0.1000       +0.1281 
W56 C15 C16    +0.3500   +0.3000       +0.3281 
W57 C16 C02    +0.2000   +0.2500       +0.2219 
W58 C17 C01    +0.2000   +0.1500       +0.1781 
W59 C17 C02    +0.0500   +0.0500       +0.0500 
W60 C17 C06    +0.0500   +0.2000       +0.1156 
W61 C17 C08    -0.0500   -0.3000       -0.1594 
W62 C17 C16    +0.1000   +0.1500       +0.1219 

 

5.4.4.1 Fuzzyfication of Concepts 

Concept C1: Usability of Zone/Efficiency 

0.60 to 1 	   The zone is utilized at a high extent by both groups (autistic, non-
autistic) in a cooperative way and cohesion is achieved. 

0.27 to 0.73 The zone is marginally utilized by one of the two groups (autistic, non-
autistic) and utilized at satisfactory levels by the other, cooperation 
exists. 

-0.07 to 0.40  The zone is marginally utilized by both groups (autistic, non-autistic) 
cooperation exists but is fragmented. 

–0.40 to 0.07  The zone is underutilized by both individual groups (autistic, non-
autistic). 

-0.27 to -0.73  The zone is not utilized properly by one of the two groups (autistic, 
non-autistic). 

-0.60 to -1  The zone is not utilized properly by either group. 

 

Concept C2: Sitting (on a bench) 



Page 92 

0.60 to 1 	   The benches are fully utilized by all groups. 

0.27 to 0.73 The benches are utilized at an acceptable rate by all groups. 

-0.07 to 0.40  The usage of the benches in the zone is moderate. 

–0.40 to 0.07  Marginal usage of the benches in the zone. 

-0.27 to -0.73  The benches are underutilized by most groups. 

-0.60 to -1  Almost no one is using the benches. 

 

Concept C3: Spinning (on the wheel) 
0.60 to 1 	   The wheel is utilized at a high extent by both groups (autistic, non-

autistic) in a cooperative way. 
0.27 to 0.73 The wheel is marginally utilized by one of the two groups (autistic, non-

autistic) and utilized at satisfactory levels by the other, cooperation 
exists. 

-0.07 to 0.40  The wheel is marginally utilized by both groups (autistic, non-autistic) 
cooperation exists but is fragmented. 

–0.40 to 0.07  The wheel is underutilized by both individual groups (autistic, non-
autistic). 

-0.27 to -0.73  The wheel is not utilized properly by one of the two groups (autistic, 
non-autistic). 

-0.60 to -1  The wheel is not utilized properly by either group. 

 

Concept C4: Swinging 
0.60 to 1 	   The swings are fully utilized by both groups (autistic, non-autistic). 

0.27 to 0.73 The swings are utilized at satisfactory levels by both groups 

(autistic, non-autistic). 

-0.07 to 0.40  The usage of the swings in the zone is moderate. 

–0.40 to 0.07  Marginal usage of the swings in the zone. 

-0.27 to -0.73  The swings are underutilized by both groups (autistic, non-autistic). 

-0.60 to -1  Almost no one is using the swings. 
 

Concept C5: Sliding (on the slide) 
0.60 to 1 	   The slide is utilized at a high extent by both groups (autistic, non-

autistic) in a cooperative way. 
0.27 to 0.73 The slide is marginally utilized by one of the two groups (autistic, non-

autistic) and utilized at satisfactory levels by the other, cooperation 
exists. 

-0.07 to 0.40  The slide is marginally utilized by both groups (autistic, non-autistic) 
cooperation exists but is fragmented. 

–0.40 to 0.07  The slide is underutilized by both individual groups (autistic, non-
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autistic). 
-0.27 to -0.73  The slide is not utilized properly by one of the two groups (autistic, 

non-autistic). 
-0.60 to -1  The slide is not utilized properly by either group. 

 

Concept C6: Standing 
0.60 to 1 	   Standing as an activity is being observed at very high levels within the 

zone. 
0.27 to 0.73 Standing as an activity is being observed at high levels within the 

zone. 
-0.07 to 0.40  Standing as an activity is being observed at moderate levels within the 

zone. 
–0.40 to 0.07  Standing as an activity is being observed at low levels within the zone. 

-0.27 to -0.73  Standing as an activity is being observed sporadically. 

-0.60 to -1  Almost no one is standing still in the zone. 

 

Concept C7: Sensory Seeking 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in sensory seeking behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory seeking behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory seeking behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory seeking behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory seeking behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in sensory seeking behaviors. 
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Concept C8: Emotional Reactive 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in emotional reactive behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in emotional reactive behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in emotional reactive behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in emotional reactive behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in emotional reactive behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in emotional reactive behaviors. 
 

Concept C9: Low Endurance/Tone 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in low endurance/tone behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in low endurance/tone behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in low endurance/tone at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in low endurance/tone behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in low endurance/tone behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in low endurance/tone behaviors. 
 

Concept C10: Inattention/Distractibility 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in inattention/distractibility behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in inattention/distractibility behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in inattention/distractibility behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in inattention/distractibility behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in inattention/distractibility behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in inattention/distractibility behaviors. 
 

 

 

 



Page 95 

 

 

 

Concept C13: Sedentary 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in sedentary behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sedentary behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sedentary behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sedentary behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sedentary behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in sedentary behaviors. 
 

 

Concept C11: Poor Registration 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in poor registration behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in poor registration behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in poor registration behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in poor registration behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in poor registration behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in poor registration behaviors. 

Concept C12: Sensory Sensitivity 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in sensory sensitivity behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory sensitivity behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory sensitivity behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory sensitivity behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in sensory sensitivity behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in sensory sensitivity behaviors. 
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Concept C14: Fine Motor/Perceptual 
0.60 to 1 	   Children from both groups (autistic, non-autistic) visiting the zone, 

almost always engage in fine motor/perceptual behaviors. 
0.27 to 0.73 Children from both groups (autistic, non-autistic) visiting the zone, 

engage in fine motor/perceptual behaviors at satisfactory levels. 
-0.07 to 0.40  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in fine motor/perceptual behaviors at moderate levels. 
–0.40 to 0.07  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in fine motor/perceptual behaviors at low levels. 
-0.27 to -0.73  Children from both groups (autistic, non-autistic) visiting the zone, 

engage in fine motor/perceptual behaviors at non-satisfactory levels. 
-0.60 to -1  Children from both groups (autistic, non-autistic) visiting the zone, 

almost never engage in fine motor/perceptual behaviors. 
 

Concept C15: Fatigue 
0.60 to 1 	   Very high levels of fatigue observed among zone visitors. 

0.27 to 0.73 High levels of fatigue observed among zone visitors. 

-0.07 to 0.40  Moderate levels of fatigue observed among zone visitors. 

–0.40 to 0.07  Low levels of fatigue observed among zone visitors. 

-0.27 to -0.73  No significant signs of fatigue observed among zone visitors. 

-0.60 to -1  No fatigue observed among zone visitors. 
 

Concept C16: Resting 
0.60 to 1 	   Zone visitors feel the need to rest at very high levels. 

0.27 to 0.73 Zone visitors feel the need to rest at high levels. 

-0.07 to 0.40  Zone visitors feel the need to rest at moderate levels. 

–0.40 to 0.07  Zone visitors feel the need to rest at low levels. 

-0.27 to -0.73  No significant signs of needing rest observed among zone visitors. 

-0.60 to -1  No need to rest at all is observed among zone visitors. 
 

Concept C17: Safety/Security 
0.60 to 1 	   Safety/Security at very high levels. 

0.27 to 0.73 Safety/Security at high levels. 

-0.07 to 0.40  Safety/Security at moderate levels. 

–0.40 to 0.07  Safety/Security at low levels. 

-0.27 to -0.73  No significant signs of safety/security in the zone. 

-0.60 to -1  Zero safety/security in the zone. 
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5.4.5 Simulation Results 

NUMBER OF ITERATIONS: 250 
DECAY FACTOR: 0.10 

 
ID OUTDEGREE INDEGREE CM CENTRALITY FCM CENTRALITY TRANSMITTER RECEIVER ORDINARY 
== ========= ======== ============= ============== =========== ======== ======== 
C01    1.6750   1.3563            16         3.0313           0        0        1 
C02    0.2938   1.0969             8         1.3906           0        0        1 
C03    0.6500   1.9969            13         2.6469           0        0        1 
C04    0.4219   1.4500            12         1.8719           0        0        1 
C05    0.6125   1.6937            13         2.3062           0        0        1 
C06    0.0500   0.8156             6         0.8656           0        0        1 
C07    1.5312   0.0000             6         1.5312           1        0        0 
C08    0.8344   0.3875             8         1.2219           0        0        1 
C09    0.9438   0.0000             4         0.9438           1        0        0 
C10    0.4063   0.6938             6         1.1000           0        0        1 
C11    0.2219   0.0000             3         0.2219           1        0        0 
C12    0.6938   0.0000             4         0.6938           1        0        0 
C13    1.5031   0.0000             6         1.5031           1        0        0 
C14    0.3219   0.0000             3         0.3219           1        0        0 
C15    0.3281   0.9719             6         1.3000           0        0        1 
C16    0.2219   0.8719             5         1.0938           0        0        1 
C17    0.6250   0.0000             5         0.6250           1        0        0 

 
 
DENSITY INDEX:   0.2279 
COMPLEXITY INDEX:  0.0000 
HIERARCHY INDEX:   0.0094 
NUMBER OF CYCLES:  31 
NUMBER OF POSITIVE CYCLES: 17 
NUMBER OF NEGATIVE CYCLES: 14 
 
 
NUMBER OF ITERATIONS: 250 
DECAY FACTOR: 0.10 
 
 
 

ID FINAL LEVEL CONFIDENCE INTERPRETATION 

C01 +0.65 38.70% The zone is utilized at a 
high extent by both groups 
(autistic, non-autistic) in 

a cooperative way and 
cohesion is achieved. 

C01 +0.65 61.30% The zone is marginally 
utilized by one of the two 

groups (autistic, non-
autistic) and utilized at 
satisfactory levels by the 
other, cooperation exists. 

C02 +0.47 61.30% The benches are utilized at 
an acceptable rate by all 

groups. 

C03 +0.12 100.00% The wheel is marginally 
utilized by both groups 
(autistic, non-autistic) 
cooperation exists but is 

fragmented. 
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C04 +0.47 100.00% The swings are utilized at 
satisfactory levels by both 

groups (autistic, non-
autistic). 

C05 +0.34 54.91% The slide is marginally 
utilized by one of the two 

groups (autistic, non-
autistic) and utilized at 
satisfactory levels by the 
other, cooperation exists. 

C05 +0.34 45.09% The slide is marginally 
utilized by both groups 
(autistic, non-autistic) 
cooperation exists but is 

fragmented. 

C06 +0.34 42.88% Standing as an activity is 
being observed at low 

levels within the zone. 

C06 +0.34 57.12% Standing as an activity is 
being observed 
sporadically. 

C07 +0.43 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 

in sensory seeking 
behaviors at satisfactory 

levels. 

C08 -0.09 100.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 

in emotional reactive 
behaviors at low levels. 

C09 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 

in low endurance/tone 
behaviors at low levels. 

C09 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in low endurance/tone at 

moderate levels. 

C10 -0.14 100.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 

in 
inattention/distractibility 
behaviors at low levels. 

C11 -0.15 100.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 

in poor registration 
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behaviors at low levels. 

C12 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in sensory sensitivity 

behaviors at low levels. 

C12 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in sensory sensitivity 
behaviors at moderate 

levels. 

C13 +0.08 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in sedentary behaviors at 

low levels. 

C14 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in fine motor/perceptual 
behaviors at low levels. 

C14 +0.00 50.00% Children from both groups 
(autistic, non-autistic) 
visiting the zone, engage 
in fine motor/perceptual 
behaviors at moderate 

levels. 

C15 +0.53 100.00% High levels of fatigue 
observed among zone 

visitors. 

C16 +0.55 100.00% Zone visitors feel the need 
to rest at high levels. 

C17 +0.60 50.00% Safety/Security at high 
levels. 
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5.5 MAS Model Specification 

5.5.1 Introduction 

The model will be evolving along the time, and agents will perform activities and 

modify behaviour depending on their interactions with other agents and the state of 

the system. The observer agent will be in charge of finding a trade-off between all 

the indicators of the multi criteria objective function. The analysis of the simulation 

results must establish the zones to consider for the real park with the surface they 

should have, the occupation of the zones during the simulation's time, a ranking of 

the activities performed in the park and the amount of people performing them along 

the time, and the conflicts between activities that have occurred during the 

simulation among others statistical data regarding zones, activities and people.  

 

NetLogo Environment was selected in deliverable D2.2 to develop the MAS models in 

order to ensure their functionalities before sending them to WP4; however, after the 

development experience during the first year and a revision of the different 

evaluated frameworks together with the fact that WP4 will use Repast Simphony to 

develop the simulation software; it has been decided to use Repast Simphony 

instead of NetLogo. 

 

After the causal effect rules (relationships) have been defined and validated through 

the CPN formalism, they are translated into Repast Simphony. The agents defined for 

the MAS model are: 

• Zone 

• Person 

• Citizen (non-autistic): extension of Person 

• Autistic: extension of Person 

• Observer 

 

Each agent has its attributes and methods and, even they are implemented during 

the modelling phase, they are not completely reported in this document due to the 

final implementation will be developed by WP4, and the final code will be reported in 

its deliverables. 
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5.5.2 Agents' Specification 

This section includes an explanation of the agents' specification. The attributes of 

each agent are included; however, just the important methods are included. For 

example, "set" and "get" methods are not included, and neither some other internal 

and simple methods. 

Activities are not declared as agents because they don't have any behaviour. Each 

person have an attribute indicating the activities it use to perform in the park, and 

there will be a table with incompatibilities that will be checked each time a person 

will try to perform an activity that can have an incompatibility. 

5.5.2.1 Zone 

The attributes defined to describe a zone are the followings: 

• zoneID: it is the identifier of the zone. 

• Surface: it is the space that the zone must occupy depending on the number 

of people inside. 

• numPersons: it is the number of people inside the zone. 

• minSurface: it is the minimum extension of the zone. Some zones are 

mandatory and then, their minSurface value will be greater than 0. For the 

non-mandatory zones it will be 0. 

• maxSurface: it is the maximum extension of the zone and it will depend on 

the number of mandatory zones and the surface of the entire green park. 

• mandatory: it indicates if it is mandatory to have this zone in the park or it is 

not. 

  

The relevant methods for zones are just three, because there are some other actions 

that will depend on the observer. The relevant methods are: 

• Zone: It is the constructor of the zone class.  

• step: it is in charge of incrementing and decrementing the number of persons 

inside the zone, and also of updating the number of square meters used at 

any time depending on the persons inside and the activities they perform. 
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• maxSurfaceControl: it is in charge of modifying the maxSurface attribute 

depending on the orders sent by the observer agent, which considers the total 

used surface, the number of mandatory zones and the total surface of the 

green park. This method differentiates between zones that must mandatorily 

be in the green park and the others. 

 

5.5.2.2 Person 

This agent is the basic agent for Citizen and Autistic, because there are some 

common attributes and methods between them. The considered attributes for Person 

are: 

• ID: It is the identification of the person. 

• Age: it is the age. 

• Gender: it is the gender. 

• FamilyID: it is the family ID, used to quickly identify the members of the 

family. 

• vParents: It includes the IDs of the parents that live in the same residence. 

• vLocation: It indicates the coordinates of its residence. 

• profile: In indicates the profile ID in which the person belongs. 

• personality: It indicates the level of influence on other persons 

• vSituations:  

• visits: It indicates the number of times the person visit the park in the current 

day. It is randomly generated at the beginning of each day. 

• activityID: It indicates the ID of the activity performed in the park at that 

moment. If the person is not at the park it is 0. 

• ZoneID: It indicates the zone where the person is performing the activity. 

• actInfo: It indicates complementary information of the activity: number of 

companions, their IDs, the time that the activity starts, and the duration of 

the activity (or the time at which the activity finish). 

• inPark: It indicates if the person is inside the park or not. 

 

There relevant methods for the agent Person are: 
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• move: it is in charge of moving the agent to the indicated point of the grid. It 

will be the method in charge of moving the agent along the map in the final 

version with the GIS data incorporated. 

• die: it is in charge of killing the agent if needed. 

 

5.5.2.3 Citizen 

This agent is an extension of Person; therefore it includes all the attributes and 

methods of the agent Person. And its specific attributes are: 

• mambersFamU: it indicates the number of members in the family unit. 

• childrenFamU: it indicates the number of children in the family unit. 

• eldersFamU: it indicates the number of elders in the family unit. 

• vChildren: It includes the IDs of the children of the agent living in the same 

residence. 

• vElders: It includes the IDs of the elders living in the same residence. 

• cultLevel: In indicates the cultural level of the agent, from no studies to 

master or PhD. 

• houseType: It indicates if the residence of the family is an apartment, a town 

house without too much garden, or a house with garden. 

• numWorkTurns: If the agent is in working age, it indicates the number of 

work turns during a day, and if the agent is in education age, it indicates the 

number of class turns during a day. 

• vWorkTime: It includes the beginning and ending time of the work turns. 

• citizenType: It indicates if the citizen is living in the neighbourhood, outside it, 

or if it is a worker inside the neighbourhood. 

• autisticDis: It indicates the relation of the person with autistics. From no 

relation to direct familiar. 

• dog: Indicates if the person has a dog or not. 

 

The relevant methods for the agent citizen are: 

• Citizen: It is the constructor of the class and it is overloaded. There are 

different constructors depending on the data received. 



Page 104 

• step: It is in charge of the citizen evolution along the time, considering when 

to go to the green park, how long to stay there, etc. 

 

5.5.2.4 Autistic 

This agent is an extension of Person; therefore it includes all the attributes and 

methods of the agent Person. There is still a lot of information to receive from the 

experts in autism and fieldwork to do; therefore, the attributes and methods of this 

agent are expected to increase when more data will be available. The only specific 

attribute is: 

• autismLevel: It indicates the level of autism disorder of the person. 

 

And the relevant methods are: 

• Autistic: It is the constructor of the autistic class and currently it just generate 

autistics and it assigns the location of them in a cell grid considered as the 

centre of autism. 

• step: It is in charge of the autistic evolution along the time, considering when 

to go to the green park, how long to stay there, with which companion, etc. 

 

5.5.2.5 Observer 

The observer agent is the main scientific target of this model. It is in charge of 

creating the context and projections for the agents and initializing all the elements of 

the model. Once the model is running, it must: 

• Coordinate agents’ behaviours for the different types of agents. For example, 

it is in charge of finding agents with some relationship and to apply the 

relationship methods (by affinity or proximity). 

• Control the conflicts between agents' activities inside the zones and do not let 

them to happen by asking one of the agents to choose another activity or to 

go to another park. 

• Find a trade-off between the indicators included in the multi-criteria objective 

function. Currently, the objective function just consider the surface dedicated 

for each zone; however, the final objective function will include indicators 
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regarding the usability of the green park for autistics and non-autistics, the 

grade of interactions between autistics and non-autistics, etc. 

 

Some of the main attributes of the agent Observer are: 

• totalSurface: It indicates the total surface of the park. 

• totalZonesSurface: It indicates the surface used for the zone. 

• numberConflicts: It indicates the number of conflicts in the park. 

• totalConflicts: It indicates the total amount of conflicts between agents' 

activities inside the park. 

• vConflicts: It indicates the zone where the conflict took place, the activities in 

conflict, the profile of the agents performing each activity, the time in which 

the conflict took place. 

• parkOccupation: It indicates the number of persons in the park. 

 

The Observer agent includes methods to initialize the model, the linking methods to 

reflect the interactions between agents, and other methods. 

The relevant methods for initialization are: 

• generateContext: It is in charge of generating the context, which is just a grid 

during the modelling phase, and will be a map of the city in the final 

simulation model. 

• generateZones: It is in charge of generating the zones to consider. 

• generateCitizens: It is in charge of generating the agents citizen, which 

represent the non-autistic people. 

• generateAutistics: It is in charge of generating the agents autistic. 

• setCitizensProfiles: It is in charge of indicating the profile in which a non-

autistic agent belongs, depending on its attributes. 

• setAutisticsProfiles: It is in charge of indicating the profile in which an autistic 

agent belongs, depending on its attributes. 

 

The most relevant methods of the agent Observer are the linking methods, which 

link the agents with some relationship, by affinity or proximity. Affinity relationships 

depend on different aspects, as can be age of the person, age of the children of this 

person and cultural level among others. Currently these three relationships by affinity 
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are considered; however, they can be extended after more fieldwork. Proximity 

relationships are based on the distance between residences. In apartment buildings, 

the relationship is easy because they use to share stairs, elevators or community 

zones. In houses it is not that easy; however, the relationships exist. 

These relationships can affect the time when people go to the park, even the time 

frames, and the activities they perform. The affectation may not be immediate, it can 

be growing up related to the number of times the agents share park zones during 

the week, the occasional meetings around the residence, etc. Depending on the 

houseType attribute, for example, the grade of the affectation could be faster (living 

in apartment) or slower (living in a house). And depending on the number of agents, 

the affectation of each one could be also different. For example, if an agent have 

three agents with the same personality living at the same distance, it will be affected 

by them at the same grade; however, this grade will be less than the grade of 

influence of one of these agents if just one is at that distance. 

The methods defining the interactions between agents are: 

• affinityAge: It compares the age of the agents (persons) to decide if they can 

affect each other. Then it use the personality attribute to decide which agent 

affects the other and in which grade.  

• affinityChildAge: It compares the age of the agents' children, if they have 

children. And also depending on the personality, it is decided which agent 

affects the other and in which grade. 

• affinityCultLevel: It compares the cultural level of the agents and it decides 

which agent affect the other, and in which grade, using the personality and 

the cultural level when there is a 1-level difference.  

• proximity: It use the distance between agents and the personality to decide 

which ones affect the others and in which grade. The houseType attribute is 

already considered if the distance is considered, because people living in the 

same building (apartments) will have distance equal to 0; and people living in 

houses will have distance greater than 0. 

 

Linking methods between autistics must be still developed, and it is expected to 

easily develop them with the collaboration of the experts in autism disorder. 

However, one of the main targets of this model is to develop the linking methods 
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between autistics and non-autistics, which will be a hard work in collaboration with 

the experts. 

 

Other Observer methods are: 

• deleteActivity: It is in charge of checking the agents in order to find any 

activity that has not been performed during a long period of time, because 

some incompatibility in this park, the inexistence of a zone to perform it or 

others, and then, this activity will be forgotten to be performed in this park for 

the agent; therefore, deleted from its possibilities. This will update the 

percentage preference of the other activities. 

• addActivity: It is in charge of adding a new activity for an agent if there are 

some interaction with agents that perform an activity that it hadn't 

considered. 

• objectiveFunction: It is in charge of updating the value of the objective 

function if the changes in the model affect it. 

 

5.5.3 MAS Model Visualization 

The final visualization of the model is included in the software developed by WP4; 

however, modellers need to have some visualization to present the models to the 

cities in an understandable way. Therefore, following paragraphs present some 

screenshots with a small explanation of each one. It must be considered that it is 

just an easy and simple representation of the model. 

 

It has been mentioned before that modellers work with a grid instead than maps 

(GIS data), and this is the reason to locate the agents in such a way that it is easy to 

differentiate them. 

 

Figure 20 presents the greed with the 16 zones on the left side. The colour of each 

zone represent that no person have come into the zone yet. 



Page 108 

 
Figure 20: Grid with the zones 

 

The agents are already included in Figure 21. Circles in green are non-autistics, they 

are located anywhere, and each point can represent more than one agent because 

the members of the same family unit are located at the same place, their residence 

(home); triangles in purple are autistics, and in the current stage they are all located 

in the cell representing the centre of autism. Red circles are monitors in charge of 

escorting the autistics, and they are located in the centre of autism also (there are 

two cells representing the centre). And the blue circles are families with an autistic 

member, which stays in the centre during the day. 
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Figure 21: Grid withzones and agents 

 

 
Figure 22: Grid after several steps 

 

Finally, the colour of some zones has changed depending on its occupancy. Green 

means there is a lot of space (low occupancy rate); orange means that he zone is 

almost full of people (elevate occupancy rate); and red means that the occupancy 

rate is at 100% or more, indicating that more space for that zone is needed to fit all 

the people interested in it. Figure 22 shows the grid after several steps. 
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6 Sustainable Tourism  

6.1 Multi-agent Simulation Approaches 

One of the core issues of tourism sustainability is the necessity to avoid that 

excessive tourist flows cause both a decline in the quality of the tourist experience 

(as a result of the environmental and social resources’ deterioration) and a decrease 

of life quality of host population. In order to avoid these problems, policy makers 

should be able to promote a sustainable development of tourism, planning and 

implementing effective and pro-reactive protection policies. 

Effective management depends upon knowing what visitors are seeking, how they 

will behave, and how this behaviour may be modified by the presence of others or by 

particular management strategies. Some of this information can be gathered by 

traditional visitor surveys, however management of visitor behaviour depends upon 

models that allow for interaction between visitors, changes in movement patterns or 

time allocations as a product of existing site conditions, estimation of resultant 

visitor-satisfaction levels, and estimation of the effect of the visitors on the site. 

Computer-based storage of information about a recreational area is the first 

requirement of effective modelling of visitor behaviour, but also it is required a 

mechanism for linking the behaviour to the site characteristics. A more complete 

model will include interactions between individuals and will take account of individual 

responses to specific environmental or site conditions. Increasing computer power, 

better GIS software, and new paradigms in agent modelling have now introduced the 

prospect of modelling at the level of the individual visitor [BISHOP]. 

The concept of autonomous agent modelling (AAM) is that each agent (individual 

visitor/resident) has his/her own set of rules that describe his/her behavioural (and 

potentially emotional) response to particular sets of circumstances. After placing a 

number of agents in a site the simulation could be run with each agent acting 

autonomously and after a period of model operation a picture of collective behaviour 

could be generated. An agent-based approach can provide a model able to study and 

describe touristic flows, the behaviours, the interactions and the level of satisfaction 

of the tourism destination actors, thus helping planners and policy makers to identify 
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the best strategies and interventions in order to make tourism sustainable in the long 

term. 

In the following paragraphs some experiences in the field of agent-based modelling 

in the tourism field are reported. 

6.1.1 The MABSiT Framework 

The Multi Agent Behaviour Simulation in Tourism is able to study by a dynamic way 

the behaviours, the interactions and the variation of satisfaction level of the different 

actors of a generic tourist destination [MAGGI]. 

The framework presents a modular structure, composed by four main elements, 

corresponding to input data, ontology, simulation model and output data, 

represented by Web-GIS maps. The model includes three kinds of agents: residents, 

tourists and excursionists. The community residents can be aggregated in groups of 

families, each composed by a random number of residents. Tourists and 

excursionists are part of groups that are randomly composed by one up to six 

persons: excursionist is a daily-visitor, while tourist spends minimum one night in an 

accommodation structure. The main attributes of visitors and residents are 

summarised in the following table: 
 

Attribute of Visitors Description 

Number of group elements  components of each visitor group 

Transport modes and means type of transport mode and mean used by the visitor (e.g.: car, train, 
bicycle, motorbike, etc.) 

Willingness to pay expenditure capacity per day 

Ecosystem impact the environmental impact produced by the agent on the ecosystem, in 
terms of pollution, congestion, waste and water consumption 

Satisfaction individual function utility 

Number of overnight stays number of nights spent by the visitor (it equals zero in the case of 
excursionist) 

Geographical position area of the artificial environment in which the agent is located 

Attribute of Residents Description 

Age personal age of the agent 

Transport mode the variable indicates if the agent uses a car (value = 1) or not (value = 
0) 
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Social position worker, student, retired, housewife 

Satisfaction individual function utility 

Pro-tourist or not a resident is defined pro-tourist when it earns a direct or indirect income 
from tourism (value = 1) 

Geographical position area of the artificial environment in which the agent is located 

 

The artificial environment includes several types of attractors, e.g. hotels, 

restaurants, cafés, museums, monuments, shops, schools, offices, etc. Each attractor 

has a predetermined physical maximum capacity in terms of number of persons and 

parking places. The accommodation structures are of different types of quality/price 

(e.g. stars for the hotels); thus, each tourist agent chooses the structure in relation 

to its willingness to pay. Referring to the temporal issues, the model considers the 

seasonality and distinguishes the working days from holidays. Moreover, each day is 

divided in six different stages, corresponding to different predictable agents’ actions. 

At each stage, the model describes the behaviour of the individual agent on the basis 

of itsattributes which establish a set of rules. The simulation model measures in 

output the variation of the level of satisfaction (U) of the agents, with respect to 

their starting level, in performing different actions during the day in the artificial 

environment. The level of satisfaction of each model agent can be expressed by the 

following utility functions: 

• visitor (tourist or excursionist)  UV (i) = f (c, pa, o, ws, wt, po) 
   

• resident      UR (j) = f (c, pa, o, ws, wt, po, i) 
  

where: 

˗ c is the level of congestion of the road (transit time); 

˗ pa is the availability of parking near the given attractor; 

˗ o is the rate of occupancy of the structures (e.g. hotels, restaurants, etc.) 

chosen by the agent; 

˗ ws is the waste amount; 

˗ wt is the water availability; 

˗ po is the pollution level; 

˗ i is the residents' income (1 in case of pro-tourist, 0 in the opposite case). 
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The simulation run produces disaggregated results which are then aggregated and 

visualized on maps or other forms of representation (graphs, diagrams, etc.). 

The MABSiT framework is flexible and able to describe the behaviours and the 

interactions of the agents; it is currently under validation, by comparing output data 

with data coming from empirical investigations. Once the validation process is 

completed, the model will be applied to several case studies, in order to predict 

future scenarios for the tourism development of a given destination. 

6.1.2 Combination of Agent Modelling with GIS 

6.1.2.1 Management of recreational areas 

A possible approach for a management system for recreational tourism integrating 

agent-based modelling and GIS functionalities is proposed in [BISHOP], in order to 

model behavioural outcomes in a realistic environment. Each agent (individual 

visitor) has his/ her own set of rules that describe his/her behavioural (and 

potentially emotional) response to particular sets of circumstances. After placing a 

number of agents in a site as described in a GIS, the simulation is run with each 

agent acting autonomously. After a period of model operation a picture emerges of 

collective behaviour. 

The adopted approach is represented in Fig. 6.1 as an example of a possible spatial 

decision support system where the effect of a particular management decision will 

influence the movement options which, in turn, will influence the environmental 

effects of the visitors. Management options are processed through the system to 

generate visitor satisfaction levels and environmental impact levels and the 

sustainability of the proposal can thus be assessed and adjusted. Additional GIS data 

sources, agent types or environmental impact models can be added as appropriate 

and available. 
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Fig. 6.1 – Model of a spatial decision support system based on GIS and agent-based approach [BISHOP]. 

 

The proposed approach has been tested to model recreational behaviour in Broken 

Arrow Canyon (Arizona, US), a popular tourist centre for desert landscape 

experience. Based on the surveyed objectives of different visitor types it is also 

therefore possible to graph visitor satisfaction levels during their visit. Using these 

outputs, different trail configurations or permitted visitor numbers or activities for 

their contribution to overall tourist satisfaction can be assessed. 

 

6.1.2.2 Support for Sustainable Tourism Planning 

Another simulation approach integrating agent-based simulation model with GIS is 

proposed in [DING], with the objective of exploring phenomena of change in land 

use, resident population and number of tourists in the Recreational Business District 

(RBD) of Hakone (Japan). 

The model is based on three major types of agent, each coupled with the 

corresponding spatial features: tourist agents, resident agents and land agents. In 

addition there is a government agent, which is an abstract agent and not coupled 

with any spatial feature. The agents' behaviour is summarised in the following table: 

 
Agent Type Parameters Behaviour 
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Tourist Agent • Surrounding environment 
• Availability of public facilities 
• Availability of tourism spots 
• Availability of transportation 
• Number of people (residents 

and tourists) 

• Evaluation of attractiveness in each 
land patch  

𝐴 = 𝑝𝑎𝑟𝑎𝑚 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡 

• Comparison of attractiveness of other 
patches at a given distance with its 
present location 

• Decision to visit another place if its 
attractiveness exceeds the present 
position by 10% 

Resident Agent • Surrounding environment 
• Availability of public facilities 
• Availability of transportation 
• Number of people (residents 

and tourists) 

• Evaluation of utility of residence in 
each land patch  

𝑈 = 𝑝𝑎𝑟𝑎𝑚 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡 

• Comparison of present utility with the 
latest evaluated 

• Decision to leave the present patch if 
utility drops over 10% (no way back) 

Land Agent • Land development constraint 
• Distance to transportation 
• Distance to public facilities 
• Percentage of developed land 

in the neighbourhood 
• Number of tourists 

• Evaluation of development potential as 
a function of parameters 

• Comparison with previous evaluation 

Government Agent • Number of tourists 
• Number of residents 
• Development potential 

• Calculation of incomes from tourists and 
residents 

• Decision on land development 
accordingly 

• Definition of the construction rate of 
the land depending on development 
potential (higher potential means higher 
construction rate) 

 

The proposed approach was used to analyse two different development scenarios in 

sustainable planning: one with a low tolerance level from the government for 

construction (real one) and the other with a greater tolerance level. The model 

showed that in the latter case conflicts between residents and tourists resulted 

intense, together with environmental degradation. 

 

6.1.3 The TourSim Experience 

TourSim is an agent-based model of tourism dynamics set in the Canadian province 

of Nova Scotia [JOHNSON]. TourSim was used to generate different scenarios of 

tourism dynamics, namely: a base-case scenario, one simulating the effects of a 

decrease in visitation from American market and the use of advertising as a response 

to this lower level of visitation. The scenarios were used to evaluate the agent based 
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modelling approach with respect to other computer-based methods of modelling 

tourism, namely geographic information systems and system dynamics models. 

TourSim takes a traditional supply demand approach to conceptualizing tourism, 

where tourist agents move across a landscape of destinations, attempting to satisfy 

their accommodation and activity preferences. The landscape used in TourSim is 

spatially referenced and representative of Nova Scotia, with destinations populated 

by types of accommodation and activity. Tourist agents possess characteristics, such 

as preference for accommodations, activities, length of stay, and maximum daily 

travel distance. These characteristics are drawn from a direct survey of tourists and  

TourSim represents thirty five of the most commonly visited tourist destinations in 

Nova Scotia as fixed georeferenced points. Each destination is parameterized with 

accommodation and activity types, on the basis of data from the provincial tourism 

website listing of businesses. In addition to accommodation and activity 

characteristics, each destination is assigned an "awareness value" to represent its 

relative position in the mind of tourists. 

TourSim contains three types of tourist agents based on their home market: 

domestic; American and international. Each type of tourist agent is informed with 

preferences for accommodation, activity, maximum travel distance, and length of 

stay, according to data available from the Canadian Travel Survey (CTS) and the 

International Travel Survey (ITS). The process in which tourist agents are able to 

meet their preferences in negotiation with the supply available at each destination 

determines the pattern of their visitation within TourSim and is managed according 

to the flow chart in Fig. 6.2. 

Scenarios in TourSim can be run in a web browser, they are preset and key variables 

in the simulation can be altered to compare multiple model runs. The TourSim 

interface consists of a setup screen and a runtime screen. The setup screen presents 

a description of the simulation, a set of blank charts where results are later added, 

and a range of user-adjustable variables depicted as slider bars. These variables 

include the rate of tourism growth and options for viewing results for a specific 

tourist destination. One output of the model is given by  a map of Nova Scotia with 

tourist travel routes, which thicken according to the number of tourist agents who 

travel on that route, giving a visual indication of tourist travel patterns. Continuously 

updating charts track the values of total and per day visitation. If the user has 
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selected to view results for one destination, pie charts show the accommodation and 

activity choices selected by tourist agents for that destination. Once TourSim ends, 

data are added to the blank charts on the setup screen. The user can alter any of the 

variables and rerun the model, the results of this second run are added to the setup 

screen, facilitating comparison of the model runs. 

 

 
Fig. 6.2 – Flow chart of the TourSim model [JOHNSON]. 

 

The TourSim approach can facilitate a process-oriented view of tourism, allowing the 

identification and representation of the individual-level spatial and temporal 

behaviors of tourists and how these interact upon a destination landscape. Agent-

based models can give better results in tourism system simulations as they can 

represent the spatial, temporal, and process-based nature of tourism, while both GIS 

and system dynamics (SD) models omit a key variable, time in the case of GIS and 

space in the case of SD models.  
 

6.1.4 Possible Framework for the FUPOL Simulation Model 
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Within the pilot actions foreseen in the FUPOL project, the City of Pegeia (Cyprus) is 

particularly interested in the definition of a simulation model that can help in 

analysing different tourism development opportunities together with related 

environmental and management risks. 

The main needs for simulation in this domain include: 

• Development of an innovative framework for evaluating the benefits and impacts 

in the social, economic and environmental aspects of eco-tourism or special 

interest tourism in general, and the policy options for managing tourism activity 

and development according to the requirements of a participative approach 

(including citizens and local stakeholders in the decision-making process). 

• Incorporation of many variables that affect the system of local tourism and 

simultaneous implementation of a large number of activities. 

• Understanding the relationship between tourism and resource depletion. 

• An assessment of risks and benefits in adopting a more sustainable tourism 

approach. 

• Understanding the forces that shape the future of tourism in a holistic manner 

(market demand, staying competitive, alternative tourism segments). 

• Analyzing causal relationships in a user-friendly manner. 

• Representing the behaviour, desires and needs of potential tourists (elderly, 

families, young travellers, children, single professionals etc), taking into account 

for each category of tourist the necessary procedures at each site, and the 

available amenities and infrastructure on site (transportation, information 

availability, promotion and services). 

• Incorporating the idea of ‘word of mouth’ applied on a social network scale. The 

model should take into account that citizen satisfaction is essential for generating 

repeated visits and for attracting more visitors through positive feedback and 

recommendations. The impact of negative feedback should also be accounted for. 

Feedback can be given in the word of mouth method or online, in pre-identified 

forums and social media sites, such as Pegeia’s Facebook page. 

• Describing various boundary conditions including: total visitor spending, total 

number of arrivals, occupancy rates, sector employment rates. 

• Integrating concepts of network-based approaches to enhance the applicability of 

the model to local specificities. 
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• Representing the risk and benefits of different stakeholders as a factor 

contributing to tourist satisfaction. 

 

Agents may include: 

• Resident community (Natives): agent decision making will be formulated 

considering aspects such as the effect on employment opportunities, effect on 

area safety, effect on resource depletion, effect on public transport systems, 

effect on lifestyle, effect on cost of living. 

• Resident community (Foreign): agent decision making will be formulated 

considering aspects such as the effect on the number of visitors (overcrowding), 

the effect on real estate prices, the effect on lifestyle, effect on public transport 

systems, effect on cost of living. 

• Local government: agent decision making will be formulated considering aspects 

such as the effect on municipal revenue, effect on public transport systems, 

effect on land-use restrictions, effect on cost of maintenance of sites, effects on 

employment, effect on annual number of visitors, effect on number of building 

approvals, effect on local enterpeunership, effect on local landscape 

(natural/cultural), effect on citizen satisfaction, effect on visitor satisfaction. 

• Tourism operator: agent decision making will be formulated considering aspects 

such as the effect on proceeds from tourism, the effect on seasonality, the effect 

from a potential reduction in the number of tourists due to the imposition of 

controls, economic effect of implementing quotas on visitor numbers to certain 

areas, effect on the condition of significant sites.  
 

FUPOL’s proposition of a Multi Agent System (MAS) Approach model is particularly 

appropriate for the purposes of this simulation. This MAS model will be designed to 

evaluate the benefits and impacts of a range of policy and management activities for 

tourism development, and to analyse the causal relationships in a user-friendly way 

in order to make them understandable to the citizens, as a first step to encourage 

their involvement. 

The following table reports possible specific objectives and related output and 

involved agents that can be implemented through the FUPOL MAS-based simulation 

model for tourism applications: 
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Objective Output Agents 

To analyse the effects of an 
organised marketing campaign for 
the promotion of touristic areas 

• Percentage change in visitation 
per destination 

• Awareness increase 

• Tourists 
• Tourism operators 
• Local government 

To represent the behaviour, desires 
and needs of potential tourists 
(elderly, families, young travellers, 
children, single professionals etc). 

• Level of satisfaction • Tourists 
• Residents 

To analyse the effects of "word of 
mouth" on a social network scale 

• Level of satisfaction • Tourists 
• Residents 
• Local government 
• Tourism operators 

To analyse the benefits and risks 
for different stakeholders as a 
contribution to tourist satisfaction 

• Area attractiveness 
• Utility of residence 
• Development potential 
• Construction rate 

• Tourists 
• Residents 
• Local government 
• Land builders 

To analyse the impacts of 
seasonality reduction 

• Level of satisfaction 
• Accommodation occupation 

rate 
• Attractor occupation rate 
• Public transport occupation 

rate 
• Ecosystem impact (pollution, 

waste and water consumption, 
congestion) 

• Tourists 
• Residents 
• Tourist operators 
• Businesses (shops, 

restaurants, hotels) 
• Attractors (museums, 

theatres, historic sites…) 
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7 Edge Land Industrialization 

7.1 Industrialization of edgelands 

Despite there is no formal definition of edgeland, it is well accepted that there is a 

kind of landscape quite different from either urban and rural, which is often vast in 

area, it is characterized by rubbish tips and warehouses, superstores and derelict 

industrial plant, office parks and gypsy encampments, golf courses, allotments and 

fragmented, frequently scruffy, farmland. All these heterogeneous elements usually 

are arranged in an unruly and often apparently chaotic fashion, however now a day, 

these zones have expanded vastly in area, complexity and singularity. Huge numbers 
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of people now spend much of their time living, working or moving within or through 

it.  

The characteristic appearance of this interfacial landscape is matched by the 

characteristic forms of land use it reflects. These uses gravitate to the interface for a 

combination of reasons. Sometimes the cause is obvious: motorcycle training 

centres, for example, are noisy yet require easy access to centres of population. 

Drive—to retail units would be inside towns if retailers could find there the 

floorspace, the parking area and the consequent relaxed planning regime they 

require. As these retail parks emerge outside towns the road network adjusts to 

provide access to them, and a chicken-and-egg situation arises whereby interface 

sites become more attractive to car users and therefore to retail developers. As 

shopping is coming to be seen more and more as a leisure activity than a chore, 

superstores are coming to be surrounded by other types of leisure development, 

such as restaurants and nightclubs. Business parks, distribution depots and housing 

estates also spring up in the interface, often around the bypasses and motorway 

interchanges that it provides. 

The characteristic activities of the edgelands are also arranged in a distinctive way. 

Unlike a garden city, say, or a Victorian suburb, interfacial areas are not designed 

from scratch. They assemble themselves in response to whatever needs are thrust 

upon them, and in whatever way they can. This characteristic makes the interface 

intrinsically casual and unofficial. It is easy to recognize that even stores appear 

dumped individually, often surrounded by their own extensive car parks, rather than 

linked together as in a high street. 

There is a lack of institutions capable of addressing the links between urban and 

edgeland activities. This is reinforced by the convergence of sectorial and 

overlapping institutions with different remits. Institutions of local government tend to 

be either urban or rural in their focus, metropolitan governments - few in any case - 

rarely include rural jurisdictions, special purpose authorities bridging urban and rural 

areas are not created, and district and regional governments do not adequately link 

urban and rural concerns.  

Public authorities tend to have a passive attitude towards these interfacial areas. 

Sometimes these areas are so little acknowledged that they have not even been 

given distinctive names. Planning authorities pay much less attention to the detailed 
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planning of these areas than they do to that of either town or country. Instead, they 

continue to allow the interface to be shaped largely by the planning applications that 

happen to come in, rather than by proactive planning with the use of instruments 

such as compulsory purchase and town plans to assert a public realm. Despite this 

lack of interest in properly planning the urban—rural interface, much of our current 

environmental change, and in particular the development of large-scale retail, 

business and industrial premises, is taking place in these edgeland zones. In the 

United States there is growing awareness of the development of what has been 

termed ‘edge city’ and the effect this is having on the geography and economic and 

social profile of entire regions. In Britain for example, planning still focuses on the 

problems of towns and the challenge of the countryside. It is important to develop 

models to attend to the activity in the interface to influence the effects of it on other 

parts of the environment, such as town centres. 

Characteristically interfacial landscape does not occur today around every settlement. 

There is plenty of altogether rural land rubbing shoulders with settlements, often 

quite large ones. It is equally true that land with the distinguishing edgeland features 

is not found exclusively on the present-day border between town and country. 

Although yesterday’s interfacial zones are often swallowed up by subsequent 

building, sometimes they survive as edgeland within built-up areas. Nonetheless, the 

present rural—urban interface plays an important role not only in the expanding 

landscape but also in the potential impact of down town areas in the neighbor cities.  

Regarding the role of the main agents involved in the interface area, developers like 

interfacial land because it is usually green field, and therefore free of existing 

buildings or noxious waste, and yet it is close to urban areas. Farmers are usually 

only too pleased to sell. Usually farmers that wish to carry on farming, it is usually 

far more sensible to sell a farm in the interface and use the millions of pounds they 

raise to buy something somewhere else. The task of the developer is made easier by 

the fact that councils impose fewer conditions in terms of design of buildings and so 

on than they do in other environments.  

Due to a lack of simulation models to analyse the edgeland impact on downtown 

commerce, and the fact that edgelands evolve mainly due to causal facts, in FUPOL 

it is proposed to develop a causal model in which the main characteristics of a city to 
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attract a sustainable industries to its edgeland and analyse the impact in different 

key performance areas on the city behaviour will be developed. 

The model to be developed should stress the importance of the urban-edgeland 

interaction in that it should rely heavily on linkages between citizens’ education 

profiles, city services and infrastructures. Thus the model should consider: 

• The size rank of the cities is determinant in its effects on “successful edgeland 
industrial development” 

The edgeland industrial development would necessarily benefit the poor and 

underprivileged 

 

7.2 Multi Agent EdgeLand Simulation model 

A simulation model of the edgeland of a city could contribute to understand the 

challenges that the city of Barnsley faces in terms of its sustainable development, its 

ability to attract business and its ability to build upon a strong downtown commercial 

area. The research in this area is important because edgeland can be seen as a 

critical point in its progress on revitalizing the economy and ecosystem of different 

cities. Understanding the challenges will help city staff, councilors and citizens make 

decisions and adopt strategies that will encourage positive growth, financial success 

and a sustainable future.  

The intent of a multi agent edgeland simulation model in FUPOL is to discuss issues 

of economic, social and environmental sustainability and the challenges and 

opportunities in attracting sustainable companies to the edgeland of a city.  

The model will support to explore the public transport barriers and challenges to 

bottom line initiatives in the city including the challenges to place attractive 

sustainable business.  

To determine the worth of a business, company or group in terms of economic, 

environmental, social or community indicators for the purpose of having that group 

operate in the edgeland of a city, a deep analysis to specify the boundary conditions 

will be performed. This analysis should consider a committee to research companies 

that subscribe the three necessary elements of sustainable development: economic 

performance, environmental protection and positive social outcomes. 

The causal simulation model will implement indicators that will measure: 
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• The expected economic impact on the local community 

• The expected need for houses 

• The expected investment in public transport 

• The expected work force from local community 

• The expected work force outside from local community 

A detailed model with spatial information of the city characteristics together with the 

connectivity of the edgeland will be developed to understand the impact of the 

required infrastructure, people, policies and incentives.  

The environmental planning and management of the edgeland -city interface cannot 

simply be based on the extrapolation of planning approaches and tools applied in 

rural and urban areas. Instead, it needs to be based on the construction of an 

approach that responds to the specific environment, social, economic and 

institutional aspects of the edgeland interface. Different agents will be designed and 

implemented to analyze the emergence dynamics that could appear between the 

edgeland and the city behavior considering the characteristics of the industry or 

company that could be established in the edgeland area.  

The boundary conditions will consider the hinterland of the edgeland, describing 

mainly those challenges that could affect the edgeland-City link, such as: 

• Unforeseen challenges that could deal with impediments that are rooted in 

past civic decisions, physical aspects of the hinterland and the state of world 

markets. These challenges are currently beyond the immediate control of the 

city’s bureaucratic and political leaders.  

• External challenges that include perceptions of the hinterland, such as 

reputation, economic factors, social issues and workforce issues. These 

limitations could be alleviated by enacting the proper policies and 

implementing relevant solutions detailed further below.  

As a results of the MAS model implementedin FUPOL, it will be possible to implement 

a model in FCM to analyze the influence factors views in the edgeland-urban 

interface problematic, providing the following features, that could be considered as a 

set of ad-hoc hypothesis: 

• Interests that the urban elite has in developing new edgeland areas and more 

generally, the local configuration of social classes and power relationships 
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• Identification of possible ways of exploitation of population by the city, that 

are likely to be more acute or evident in the edgeland 

• Identification of service activities and industrial activities taking place in the 

edgeland, and the specific policies that constitute their framework 

• Analysis of the spatial link between edgeland and hinterland activities, 

identifying conflicts, contradictions, overlaps, etc. 

• Identification of the role of planning authorities and policy makers in defining 

the edgeland (or the policy framework that affects it), seeking to find possible 

external influences rather than locally driven ones. 

 

8 Urban Economics 

8.1 Preliminary Insights 

The municipality of Yantai needs to face the problem of high energy consumption in 

the city. They currently consider two options based on the energy consumption: 

 a) to force an upgrade of enterprises/industries (hereafter called industries) in 

order to reduce the amount of energy they consume, or  

 b) to force some of these industries to close.  

If some companies get closed, other new industries, with less energy consumption, 

could come into the city. It can be seen as a kind of industries’ renovation.  

 

The officers of Yantai municipality want to face the decision making process 

considering more indicators and studying the effects of the decisions in some years 

time. This is the reason for the use of simulation to define the best conditions that 

will determine which industry must be upgrade or closed. 

 

The simulation model will be highly dependant on the data they already have and on 

the data collectable during the next months or years. Any kind of information is 

difficult to obtain in China, and even more if citizens data is requested. For that 

reason, the model will be focused on industries, and all the requested information 

will be regarding industries and some city parameters as can be population, tax 

income for local government, maximum level of electricity consumption, etc. 
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Following sections are the preliminary ideas about the modelling of this system using 

MAS. There is not any documentation or research already performed; they will be 

performed before starting the model development. One document to be considered 

then is the UNIDO, Industrial Statistics, Guidelines and Methodology, Vienna 2010. 

 

8.2 Possible Agents 

Due to the difficulty of collecting data from the citizens, it has been considered to do 

not include them as agents. However, it should be studied the possibility to include 

them by groups depending on the residential area, or any other relevant aspect. 

Then, group behaviour should be defined. 

Besides the possibility to include this agent, there are others already identified. 

 

8.2.1 Agent Industry 

The main agent detected, due to the problem to confront, is an agent to represent 

the industries. The idea is to create an agent with attributes representing the 

relevant aspects to consider. The preliminary list of attributes elaborated at the 

meeting in Yantai is the following one: 

• Electricity consumption 

• Pollution produced 

• Water consumption 

• Gas consumption 

• Number of direct jobs 

• Suppliers in the city 

• Clients in the city (industries /companies) 

• Revenue's variation for the industry 

• Revenue's variation for suppliers 

• Index of industrial production variation 

• Trade: exports 

• Trade: imports 

• Government taxes per year 

• Local government taxes per year 
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• Land use 

• Citizens' opinion 

 

At the same time, if an industry is an agent, it should has certain behaviours, and 

these will be defined after the necessary fieldwork. At the end of that, it is needed to 

have the possible behaviours of the industries in front of certain system change or 

certain forecasted decision (as it will be the expectation to close some industry if 

they don't reduce the level of energy consumption, or they don't reduce the pollution 

emissions, etc). 

 

8.2.2 Agent Industry Profile 

It would be an agent representing a possible future industry profile to come into the 

city if some other industry is closed. This agent will not represent any field profile; it 

will be just a profile depending on the attributes already listed in the previous 

section. 

 

8.2.3 Agent Observer 

It would be the agent in charge of coordinating the rest of the agents taking into 

account boundary conditions and any other relevant aspect.  

A preliminary list of attributes could be information of industry attributes at a city 

level: 

• Maximum level of electricity consumption 

• Maximum level of water consumption 

• Maximum level of gas consumption 

• Maximum level of pollution 

 

Besides the attributes, it is important to indicate that there will be a specific condition 

to decide which industry should be updated, which one should close, and which 

profiles are more convenient for the city. 
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9 Model Validation 

One of the main criticism to the use of multi-agent models for social systems 

predictability purposes are the challenges involved in their validation. In this D2.5 

annex, a short description of the main model validation shortages is introduced 

together with the FUPOL challenges when developing validation of MAS models to 

foster e-participation in urban policy design.  

 

From a historical perspective it is worthwhile to note that most validation methods 

has been developed in engineering arena for assessing models of technical systems 

that followed fundamental physical laws. In contrast, in case of socio, economic, 

political systems, fundamental laws are not known as the complexity of human 

behaviour, its contingent and contextual nature, and the complex network effects 

involved in social interaction make it difficult any general prediction (Ormerod, 

2012). Recently, large-scale multi-agent systems are used for examining socio-

political systems where the fundamental underlying laws are not known. Thus, 

development of Multi-agent models for social system applications are difficult to 

validate because these models represent a new approach to simulation for which 

traditional validation methods are not always applicable.  

 

Several authors recognize the impossibility of establishing a mathematical proof of 

the obtained results in social simulation area using MAS: 

• In (Axtell, 2000): Within the MAS community it is also widely recognized that 

one weakness of MAS is the impossibility of establishing a mathematical proof 

of the obtained results. 

• In (Hales et al. 2003): Results from simulations cannot be proved but only 

inductively analysed. In its simplest form a result that is reproduced many 

times by different modellers, re-implemented on several platforms in different 

places, should be more reliable. Although never attaining the status of a proof 

we can become more confident over time as to the veracity of the results.  

• In  (Ormerod, 2009): In social science, no firm conclusions have been reached 

on the appropriate way to validate Agent Based Models. 
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• In  (C. van Dijkum 1999): there is no full-proof method for determining the 

validity of qualitative simulation. 

• In (Kleijnen 1999 p. 647): “What, however, does ‘validation’ mean? A whole 

book could be written on the philosophical and practical issues involved in 

validation”. 

 So it is not the target of the D2.5 annex on model validation to deal with a rigorous 

review of the different validation methods and determine which one better fits the 

FUPOL requirements, instead, to provide a validation strategy that could fulfil the 

social simulation validation problems that are envisaged in FUPOL: enhance the 

credibility of the simulation models. 

 

Most relevant literature in social MAS model validation has been reviewed, to 

understand the shortages of engineering validation methods in the validation of 

social simulation models, which are characterized by different dynamics such as: 

• The effects of group size, group symmetry and group composition on the 

likelihood of outbreaks that leads to non-linear dynamic and emergent 

behaviour 

• Normal cultural rules, norms and organizational forms cease to be applicable 

in crowds, and citizens fall back on simpler behavioural rules that can be 

understood by all without instructions or much cultural knowledge. 

 

For example, (Sargent 1992) provides an overview of different validation techniques, 

each providing different types and levels of validity. He notes that the desired level 

of validity is determined on the purpose of the model, but does not attempt to 

describe in detail what different purposes are and how they relate to the validation 

process.  (Burton 2003) complements Sargent’s work by describing types of 

questions that are asked of simulation models while recognizing that the level of 

validation is still dependent on the question, or purpose, of the model. 

 

Most authors perceive validation as the search for consistency among different points 

of view. Authors use different set of approaches and methods to enhance the 

credibility of the model considering the particularities of the social domain. Thus, for 

example, in (Ligtenberg, 2011) a MAS verification method is presented, based on 
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involving different end users in the role-playing approach providing good results to 

improve end-users understanding of the possible outcomes of the planning process 

resulting from human communication, negotiation and decision making. 

Unfortunately the method doesn’t support the predictability and understandability 

requirements of FUPOL models. 

It is worthwhile to note that the validation problems is not only a problem of 

simulation models but is also typical of more established analytical models in 

thesocial sciences, such as economics models used to inform policy measures and 

econometric models used to forecast . Simulation models follow an idealized theory 

(e.g., perfect rationality of economic agents) that does not have any empirical 

validation, with serious consequences in terms of accuracy of policy prescriptions. 

Analytical models follow historical/cross-section data trends that do not reflect 

complexity effects. This allows to frame the methodological effort undertaken in 

FUPOL project in a more general way, by means of the state space analysis of MAS 

models trying to provide a reliable and robust validation strategy to use empirically-

grounded simulation models to inform policy options or solve real-case problems.  

 

This D2.5 annex tackles the validation problem of urban policy models for e-

participation in two parts. Previous work in simulation model validation is 

summarized in the first part to present the validation strategy for FUPOL MAS models 

of urban policies based mainly on the purpose and the plausibility of the model in the 

second part.  

 

9.1 Introduction 

A proper understanding of the social processes and citizen affinities that can affect 

the deployment results of an urban policy should be a requirement to minimize the 

risk in the policy design process when dealing with a heterogeneous community 

characterized by different and sometimes opposite targets in the solution of a urban 

domain problem. 

Due to the inherent complexity of emergent dynamics that appears in social 

processes, simulation techniques offers the more appropriate experimental 

framework for a new way of thinking about individual and population feedback 
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dynamics, based on ideas about the emergence of complex behaviour from relatively 

simple activities (Simon 1996). Complexity at the macro scale could not reflect 

complexity at the micro scale. This provides the real rationale of using formalized 

models to look at complex social, urban puzzles in order to understand micro 

behaviour and interaction effects that may be responsible for what is observed at the 

macro scale. 

 

While some social simulation modellers emphasize the desire for understanding and 

others emphasize the need for making predictions, in urban policy design it is a 

requirement to satisfy both goals (Troitzsch, 2004): 

• Explanatory model: To help citizens to understand their neighbourhood area 

in order to control and change it 

• Predictive model: Urban policy decision maker need tools to predict the impact 

of their decisions of the future usability of the infrastructures and services 

under design, considering real social context scenarios.  

 

Thus, a better understanding of some features of the social world should pave the 

way down to develop simulation models that could reproduce the dynamics of some 

behaviour to ‘look into the future’. Despite the modelling difficulties, both goals are 

not incompatible: a successful explanatory model can be used to generate 

acceptable predictions, while a good predictive model can contribute to a better 

understanding. However a trade-off between accuracy and simplicity should be kept 

in mind during the modelling phase (Axelrod 1997a). 

 

Most urban policy simulation models developed in the past were mainly oriented to 

experts with a deep knowledge on urban application field. Actual simulators in this 

area try to avoid the existing fears and prejudices among the practitioners against 

the quantitative models which sometimes are seen as monsters that do not capture 

the social aspects in an adequate way. Thus, despite the efforts to improve 

simulation platforms to better illustrate the simulation results (ie. virtual 

environments) trying to move one step forward in the use of simulation in the e-

governance paradigm, they fail to engage citizens in the e-participation process, 
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mainly due to a lack of understandability (and in consequence credibility) in the 

models. 

The role of citizens in e-government should be seen as a rich source of knowledge 

about the phenomenon being modelled, thus their involvement in the understanding 

of the context scenario and the experimentation of different policy alternatives 

through the simulation models could raise their interest in the policy design process 

and could improve their level of knowledge about the issues, transforming opinions 

in valuable implications. To deal with such citizen engagement in e-participation, the 

research efforts in new simulation developments shouldn’t be placed in better 

representation of simulation results, instead should focus on fostering model 

transparency for explanatory and predictive urban policy purposes.  

E-participation, in urban policy decision-making, is understood as the use of ICT for 

enabling and strengthening citizen participation in democratic decision-making 

processes. The use of ICT in e-Participation process has been mainly on the 

motivation and engagement of a large number of citizens through diverse modes of 

technical and communicative skills to ensure broader participation in the policy 

process. However, very few initiatives in the use of simulation techniques to foster a 

mutual learning process between heterogeneous end-users (ie. citizens, associations, 

public administration, etc) have been reported (Cartwright D.,2009). Participatory 

modelling is a successful approach described in D2.2 that is implemented in FUPOL 

since helps stakeholders to be involved and understand macro-scale implications of 

their behaviour and contributes to change real situations and solve important 

problems. 

 

Credibility of the simulation results is of great concern to managers, public officials, 

and citizens who are affected by the decisions that are based on these predictions. 

To create trust and increase the credibility of the model and the simulation results 

delivered, it is essential to deal with a validation approach in which non-simulation-

trained end-users (ie. practitioners) could feel comfortable with the computer 

experimentation technique and trust the simulation model. 

Among the different modeling formalisms (Gilbert N,2005), agent-based simulation is 

well suited to e-participation, since end-users not properly familiarized with modeling 

usually catch easily the idea of autonomous agents carrying out activities and 
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communicating with each other in a similar way as citizens interactions (Ramanath 

and Gilbert 2004).  Agent based models developed in FUPOL are described my 

means of causal rules to allow citizens testing the benefits and shortages of different 

proposed urban policies and check new policies according to their own beliefs.  

One of the advantages of ABM as a modelling techniques is that it allows to achieve 

an ontological correspondence between artificial and real agents. This is not 

achievable through more standard simulation techniques, such as System Dynamics, 

which point to aggregate variables (structures and functions, Squazzoni 2012). 

 

Unfortunately, in social science, no firm conclusions have been reached on the 

appropriate way to validate Agent Based Models. In fact, model validation of urban 

policy models using Multi Agent Simulation is a complex task that plays an important 

role for model acceptability. Consider for example those models which assign high 

levels of cognition to their agents, so that agents can act intuitively rather than 

rationally. In these contexts, model validation becomes a challenge (Ormerod, 2009). 

 

9.1.1 Model Validation 

One of the cornerstones of simulation as experimental technique, is the importance 

to check that the simulation is actually doing what one expects (Balci 1994) as a 

previous steps to any decision making activity considering seriously the results 

generated by the simulation. There is a considerable amount of ways to introduce 

involuntarily errors in the conceptual model design process and its implementation in 

a simulation platform, so simulation outputs can be the result of a mistake, rather 

than a proper consequence of the facts and hypothesis formulated and codified in 

the simulation model.  

 

Validate a MAS usually requires expert interventions, expert typically compares the 

real system outputs to their modelled equivalents. Comparing the model to reality is 

done using various tests that can be objective, quantitative, subjective or qualitative. 

Because the information conveyed in such systems are generally numerous, very 

heterogeneous and largely inside the agents themselves, the validation of multi-

agent simulations is directly done through observation of agents (and/or their 
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communications (Railsback, Lytinen, & Jackson, 2006)). Observation of emergent 

properties is more difficult, particularly because of the difficult characterization of 

such properties.  

The real system complexity inevitably leads to a difficult access to parameter values, 

e.g. it seems rather difficult to observe and know status of each citizen in an urban 

area at a given time. These difficulties are all the more important as the system 

dynamics lead to rapid, regular, agent-specific changes of these parameters. Real 

parameters can only be observed occasionally and usually at so called ‘‘simple’’ or 

‘‘obvious’’ moments: at the initialization step, during downturns or at the end of the 

experiment.  

The process of checking that a simulation program does what it has been specified in 

the conceptual model is known as verification, which is a quite difficult task, due to 

the fact that simulation models include random number generators, which means 

that every run is different and that it is only the patterns and the statistical 

properties of the results which can be anticipated using test cases, among which 

extreme scenarios are the most used ones.  

In FUPOL project, during the conceptual model design phase, it has been 

implemented a set of reduced scope simulation scenarios (i.e. a suite of extreme 

case studies), in which each time a new individual behavioural rule or a population 

rule specification is made, the new version of the model is analysed, to check that 

further errors have not been introduced.  

 

While verification concerns whether the model is working as the modeller team 

expects it to, validation concerns whether the simulation is a good model of the 

target. Roughly speaking, a model is considered valid for a particular goal, if the 

results that can be obtained from the simulation have the same statistical properties 

and patterns as those obtained from the real system. However, there are several 

aspects to be considered when comparing simulation results with a sample of the 

real system: 

• Most social systems are characterized by its stochastic behaviour. Individual 

decisions strongly depend on human behaviour which is characterized by a 

diversity of options in front a particular choice problem, selecting a different 

choice even under similar circumstances. Thus, the simulation model 
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considers also random factors to represent the stochastic process, which 

somehow justify a lack of rigorous correspondence between the results of a 

simulation run with respect to a sample. Comparisons between real data and 

simulation data usually is carried by statistical methods such as hypothesis 

test, which is a quite difficult problem to avoid accepting a false hypothesis or 

rejecting a true one, based always on modeller subjective considerations.  

• Some simulation models are quite sensitive to the initial conditions dealing 

with drastic different results. Meanwhile the real system behaves in the same 

way, so the dynamics are highly dependent on the environmental conditions, 

the sensitivity of the model to the initial conditions is not a problem for 

explanatory targets validation, but it constraints its use for predictability 

purposes.  

• Some social dynamics are quite dependent on time varying scenarios such as 

for example those urban policies which depend on seasonal weather 

conditions, or economic cycles. Consider the planning activities in a public 

green park for integration of autistic people with the neighbourhoods: 

affluence to the park and duration of the stance depends considerably on the 

weather conditions. Thus, even if the rules and its parameterization are 

correct for certain boundaries conditions, they can lead to wrong results when 

the model is used for predictive purposes if the real scenario doesn’t fulfil 

some of the boundary conditions.  

 

Within the framework of the agent based simulation validation, the usual definition of 

validation (i.e. ‘‘compare the results of the model – in our case, outputs of the 

simulation – to those of the real system’’) can be extended into ’’ “check if the model 

is coherent with the real system’’.  

 

Once a model has been verified and validated, there is a third step very important 

before using the simulation for predictive or explanatory purposes which consist to 

perform a sensitivity analysis, in order to have a better understanding of the 

scenarios in which the simulation model could be considered valid. Thus, an analysis 

about the extent to which the behaviour of the simulation is sensitive to the 

assumptions which have been made, will allow to define the scope of the simulation 
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applications. In urban policy design, scalability of the conceptual model together with 

the emergent behaviour that can appears due to agent interactions has been 

identified as a source of high sensitivity an important issue that could affect the use 

of simulation models for e-participation. 

In order to create trust and increase the credibility of the models among an 

heterogeneous diversity of end-users, it is important to investigate the robustness of 

the model. E-participation will be drastically affected if the behaviour is very sensitive 

to small differences in the value of one or more parameters, since the 

experimentation scenarios will not accept some modifications in which citizens could 

be interested. The principle behind sensitivity analysis is to systematically change the 

initial conditions and parameters of the model by a small amount and rerun the 

simulation, observing differences in the outcomes. Since the amount of parameters 

in a multi agent simulation models usually is high enough, a systematically change of 

the parameter values would lead to a prohibitive computational burden for a 

robustness analysis. Instead, a well accepted robustness study alternative is to vary 

only those parameters which likely to be the most important to examine according to 

the modeller experience and intuition. 

When the model has been built from scratch, and it is not possible to have access to 

real data that could help the modeller to decide the important parameters to vary 

(consider for example the green park design in Zagreb pilot), it is possible also to get 

an understanding of the sensitivity of a simulation to the values of its parameters by 

varying them at random, thus generating a distribution of outcomes. Since the agent 

based model has been previously specified using the coloured petri net formalism, it 

will be possible in FUPOL to determine those values that drive the system state 

above accepted output variations by means of state space analysis tools. Thus, it will 

be possible to determine those scenarios in which small parameter changes give rise 

to large output variations, which somehow can be understood as sampling the 

parameter space in order to build up a picture of the behaviour of the model over 

many different conditions. 

 

In FUPOL project, random factors will be used for the following uses: 

• To describe all the external and environmental processes which have not been 

specified in the model (i.e. boundary conditions also known as exogenous 
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variables) such as the effects of the population variations in a urban area, or 

the profile of citizens in a new residential area near the urban zone under 

study. The random values substitute unknown (and perhaps unpredictable) 

parameter values and from a modelling perspective it is understood as a 

process equivalent to the modeller making a guess in the absence of more 

accurate information. 

• When modelling human behaviour such as opinion formation models, random 

factors are essential to evaluate the effects of agents’ personal attributes, 

such as their preferences and affinities. 

• In rule agent based models, simulation results can depend on the order in 

which the actions of agents in the model are simulated. In case the model is 

sensible to the rule sequence firing, preconditions will be added in the agents 

to choose the right rule sequence; otherwise agents will randomize the order 

to avoid unwanted effects. 

 

Independently of the reason to introduce random factors in the model parameters or 

in the specification of the simulation scenario, the simulation have to be run several 

times in order to get a better understanding of the model behaviour under a diversity 

of conditions. Due to the random factors, the robustness analysis should be 

performed also by means of statistical methods, as for example: analysis of variance 

to assess qualitative changes (for example, whether clusters have or have not 

formed) and regression to assess quantitative changes. 

 

9.1.2 Model Validation Challenges 

To enhance agent based models as a basis for decision making in urban policy 

design, multiagent models must be evaluated to ensure that they are internally 

correct and perform according to the rules specified. A further activity that should be 

considered integrated to validation in creating reliable models is the calibration 

process which consist on the adjustment of parameters and constants to improve 

model agreement with an observable reality (Rykiel, 1996).  A close coupling of 

validation and calibration is necessary because a key outcome of multi-agent models 

is to study emergent behaviour. For many simulations, validity will reside in their 
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ability to adequately model phenomena ex post, that is, to mimic to an acceptable 

degree empirical data of phenomena that have already occurred or are occurring. 

This ability will increase the level of plausibility and trust in the use of simulation 

techniques to predict the social dynamics and enabling policy interventions to 

manage or mitigate certain future scenarios. 

The use of multi-agent models in FUPOL is to allow citizens to explore and 

understand complex spatio-temporal phenomena of particular urban policy problems, 

in particular the emergence of macro patterns of social behaviour from the micro-

levels of activity of large number of actors, often within intricately defined spaces 

that could affect the performance of urban policies. It has been recognized that the 

combination of geographical complexity and emergent behaviours raise 

methodological challenges in validating multiagent models (Manson, 2007). The 

difficult aspects that need to be considered are the stability or robustness of the 

emergent patterns, calibration of parameters, setting of initial state(s) and boundary 

conditions, equifinality, and the propagation of errors.  

Each one of these aspects should be properly addressed in a MAS validation strategy, 

considering the difficulties inherent to urban dynamics. Engineering test usually rely 

heavily on sensitivity analyses (Saltelli, Chan, & Scott, 2000) in order to: calibrate 

parameters governing micro-behaviour against available empirical data, model 

parameter errors and assess model sensitivity to the parameter phase space and 

initial state(s). However, urban policy domains are characterized by nonlinear 

dynamics in their response to parameter changes which somehow can show 

amplified effects in the results as well as tipping points and thresholds. 

In order to illustrate some of these challenges, figure 1 shows the opinion formation 

evolution toward yes (pink colour) or not (black colour) integration of autistic and 

non-autistic kids in a green park. In both simulations there are the same amount of 

public employees (10 opinion leaders) but in the results at the top part of the figure, 

the 10 employees are distributed in the neighbourhood dealing with information 

campaigns, while in lower part of the figure the results are obtained placing the 

activity of the opinion leaders inside the green park, dealing with integration 

activities and solving the conflicts. 
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Figure 23: Non-linear dynamics of the opinion formation model 

 

The opinion formation models show different cluster evolutions with different 

patterns and with drastically different results both from the business model 

perspective (i.e. the autistic integration acceptability with the same investments) and 

the social integration perspective. 

 

In this example it is easy to recognize the model sensitivity to a small modification of 

a location parameter. Usually there are a number of parameters that may need to be 

tested. Further complications arise where models are stochastic and therefore need 

to be tested not as a single run but by a large number of repeated runs for each 

parameter setting. It should be noted that in contrast to simulation techniques in 

which multirun experiments can be easily performed, this is not the case with 

experimenting with the real social system. Thus, considering again the previous 

example, from a practical and business perspective it seems a no-go way to 

experiment with the different policies in the real scenario to collect data for 

simulation validation purposes. Thus, validation of multi-agent models can quickly 

become intractable (Batty et al., 2003) leading Batty and Torrens (2005) to argue for 

a more qualitative evaluation of a model’s plausibility.  

 

a) b) c) d)

a) b) c) d)
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9.2 Model Validation Strategy in FUPOL 

As it has been introduced, the quality of the model can be judged with respect to 

several features. Due to the main shortages of validation procedures when applied to 

MAS and considering the main e-participation targets of the urban policy models 

developed in FUPOL, it is proposed to use the model purposiveness, model falseness 

and model plausibility features to evaluate the quality of the model (Bohlin, 1991; 

Sage, 1992; Zele, Juricic, Strmcnik, & Matko, 1998). Purposiveness (usefulness) tells 

whether a model satisfies its purpose, the ultimate validation of the model is to test 

whether the problem that motivated the modelling exercise can be solved using the 

obtained model. Falseness is related to agreement with measurements (data) coming 

from the real system to be modelled (a falsified model is one, which is contradicted 

by data). Plausibility, also referred to as “conceptual validity” or “face validity” 

(Qureshi et al., 1999), expresses the conformity of the model with a priori knowledge 

about the process.  

The validation process in WP2 will be tied to the purpose, plausability and the 

context for which the model is being developed. It is worthwhile to distinguish 

between: 

• The validation process: A process is a series of steps taken to validate 

different parts a model such as verifying that the model mechanisms are 

representative of the real-world or comparing model output to historical data. 

• The validation technique. Techniques are the individual methods used to 

judge whether each part of the model is ‘‘valid.” Statistical hypothesis tests 

such as Chi-square test is an example of a technique. 

 

Multi-level validation conforms to the best methodological standards in the literature 

(Moss 2005) when dealing with social systems, due to the importance in the 

simulation results of 

• Individual behaviour and initial conditions might have a crucial effect on 

macro-scale outcomes  

• The same macro outcomes could be ideally generated by a variety of 

micro/initial conditions (“multiple realizability” phenomena, Keith Sawyer’s,  

2005).  
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In the following subsections, the set of validation processes and validation 

techniques implemented in FUPOL are summarized. 

 

9.2.1 Model Purposiveness 

A source of problems in the validation of an e-participation simulation model is that 

the simulation target which usually is itself neither well understood nor easy to 

access (that this is so is one reason for building a simulation, rather than observing 

the target directly) should be properly specified together with the hypothesis and the 

scenario parameters. In FUPOL, to avoid this source of problems, several meeting 

with the heterogeneous end-users are planned during the different phases of the 

implementation of the simulation model: 

 
Figure 24: Target simulation model validation meetings 

 

1. Pilot Urban Policies Under design: A WP2 workshop with the pilot 

representatives is organized as the first step of the modelling tasks for each 

pilot, in which it is introduced to the audience the main concepts of social 

simulation techniques for urban policy design, focussing on the importance of 

the experimental approach to foster e-participation in the decision making 

process.  The results of the workshop is the identification of the most 

important urban policy projects in which the pilot city is involved which could 

be also suitable for simulation (i.e. access to relevant data, heterogeneous 

end-users, importance to involve the citizens in the policy design).  

2. Conceptual Model with end-users representatives: Once the urban policy 

simulation project has been chosen for a pilot city, and a clear picture of the 

modelling target is agreed, a constant flow of documents, questionnaires and 

specifications is maintained between WP2 and city representatives is 

maintained during the full development of the conceptual model.  Once the 
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conceptual model has been validated by means of unit test (mainly extreme 

scenarios) and all detected bugs has been removed a workshop with city 

representatives and end-users representatives (mainly association 

representatives) together with WP2 and WP4 is performed in which the 

conceptual model is presented (ie. rules that drive individual and collective 

behaviour together with the main results obtained using different competing 

scenarios).  As a result of the workshop, some modifications to the conceptual 

model can be added to extend the simulation targets, and the interface to 

satisfy the different end-users expectations. 

At the end of this workshop, what the model is attempting to explain and for 

what purpose, together with what are the key facts that the model needs to 

explain and how well must it do it, should be clear to the modeller, the 

developer and the end users. 

 

3. Simulation model with end-users representatives: Once the cloud computing 

version of the conceptual model has been implemented and validated by 

means of unit test (extreme scenarios and statistical analysis with respect to 

the real scenario in case data can be collected) and all detected bugs has 

been removed, WP2 will analyse the simulation results to verify and validate if 

the Fuzzy Cognitive Map model behaves as it was expected. A workshop with 

city representatives and end-users representatives (mainly association 

representatives) is planned in which the simulation platform is introduced, and 

some on-line experiments are performed to show the implemented tool for 

decision making. A user guide is delivered with some scenarios and examples. 

As a result of the workshop, some modifications to the simulation interface 

and agent behavioural rules can be added to extend the simulation targets, 

and the interface to satisfy the different end-users expectations. 

4. Simulation model with end-users: Pilot city will take care to organize special 

sessions with groups of end-users to present the different city council urban 

policy alternatives by means of the simulation platform, and some exercises 

(together with the on-line documentation) will be performed to engage 

citizens in the use of the simulation platform.  
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In the particular conceptual model developed in Zagreb for the Oporovec project, as 

a result of step 2 the conceptual model was extended to satisfy the following 2 new 

targets: 

• Maintenance Cost Estimation: The city council architect team request the 

possibility to add a maintenance cost parameter to the different zones, since 

that would help to the final design considering not only the conflicts between 

the activities but also the cost of each design alternative. Thus, new attributes 

and functionalities were added to the agents in order to differentiate between 

the maintenance cost of the green grass, the sand, the swings, etc. The 

maintenance cost was computed considering the accumulated time usage of 

each zone. 

• Scheduling of Activities: The Oporovec autistic centre representative proposed 

to extend the conceptual model to determine the citizen profile occupancy of 

the zones in order to program activities for autistic people during valley hours, 

and integration autistic-non-autistic activities when maximum impact could be 

achieved. The citizen profile occupancy would be helpful also to avoid certain 

types of conflicts with autistic kids for certain resources (ie, water source, 

toilets, kiosk, etc).  

 

9.2.2 Model Plausability 

Assessment of model plausibility is tightly related to expert judgement of whether 

the model is good or not. The level of plausibility, or better said the expert opinion 

about it, is basically related to two features of the model. The first one considers the 

question whether the model “looks logical”. This question concerns characteristics of 

the model structure (rules and its sequence constraints) and its parameters. If the 

structure and the parameters are feasible, which means comparable to what experts 

know about the real process, then the confidence into the model is greater. The 

second one is related to the question whether the model “behaves logically”. This 

part concerns assessment of the reaction of the model outputs to typical events 

(scenarios) on the inputs. If the model in different situation reacts in accordance with 

expectations of the experts, then again the confidence about its validity is increased. 
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9.2.2.1 Rule Based Models 

One of the advantages of using MultiAgent System Simulation is that by means of 

very simple rules which can be easily grasped by end-users, it is possible to 

represent different urban domain problems characterized by highly non-linear 

dynamics.  

 

The use of rules as a modelling formalism to describe agent’s behaviour, has its roots 

in the traditional artificial intelligence symbolic paradigm which try to build agents 

with cognitive abilities. The main idea was based on the physical-symbol system 

hypothesis (Newell and Simon 1976), which asserts that a system that manipulates 

symbols according to symbolically coded sets of instructions is capable of generating 

intelligent action. Consider for example, an agent might receive the symbol ‘play-

football?’ as a message from another agent. In order to answer appropriately to the 

received messages, an agent should recognize the in-coming symbol and be able to 

generate the reply by means of a pattern matching technique and the generic or a 

particular rule which states a yes or no response considering its state and the 

environment information.  

 

Among the different techniques used in multi-agent models to describe the agent 

behaviour by means of rules, build rules, the production system is one of the 

simplest and most extended due to its facility and easy understanding by a diversity 

of heterogeneous end users.  

Each rule consists of two parts: a condition part, which specifies when the rule can 

be fired; and an action part, which specifies the state agent (ie. attributes) changes 

and environment changes when the rule fires. For example, in the design of a green 

park to foster the integration of local neighbourhood with autistic people, a well 

accepted rule is: 

R1 Condition part: 

1. A person has kids under his responsibility in the park 

2. Never had previous contact neither experience with autistic people 

3. The play around area has a considerable amount of autistic people of different 

ages 



Page 146 

R1 Action part 

1. Feels an unsafely environment for babies under his responsibility and leaves 

the park area. 

2. His opinion about integration would change to  no. 

 

Agent state information (condition 1 and 2) together with its knowledge of the state 

of the environment (sensing capability: condition 3) is the right individual/population 

information structure to determine if the conditional part of a rule is satisfied. The 

agent rule interpreter considers the different rules by checking if the conditions of 

the rules are met and then, if necessary, carry out the action. 

One of the main advantages of a production system is that the sequence in which 

the rules should be fired is not decided by the modeller beforehand, instead, the rule 

to be fired and when should be fired depends on the agents information states (ie. 

attributes that somehow can store the past experiences of the agent) and the state 

information of its environment. It should be noted that in contrast with other 

procedural formalisms (the order of execution is pre-determined) among which 

object oriented is also considered because agents are “autonomous” while objects 

are “obedient”, the agent can to some extent react appropriately to the situation it 

finds itself in.  

 

One of the difficulties to validate agent based models is precisely because of the 

different agent possibilities when several rules are activated (i.e. the condition parts 

of more than one rule are satisfied): to fire just the first rule whose condition is 

satisfied; to fire all the rules that can be fired; or to use some other conflict 

resolution procedure to choose which to fire. The use of Coloured Petri Net 

formalism for state space analysis will introduce a tool to determine the model 

sensitivity to the rule firing mechanism. Furthermore, the state space information can 

be used to design the conflict resolution procedure. Note the importance of this 

mechanism in urban policy design since there are specific rules to particular 

situations that coexist (i.e. the conditional part are satisfied) with more general rules 

that apply to many situations, including those covered by the more specific rules. For 

example, let’s consider again the previous rule (i.e. rule R1), there might be a more 

specific rule to cover the situation when there are some friends with his kids in the 
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same play around area. In these circumstances, the agent should fire a specific rule 

related to evolution of the opinion held by an individual driven by imitation.  It is 

easy to note that once fired the first rule, the agent attributes are updated with 

information that the agent left the green park area, so the condition part of the 

opinion change by imitation rule will no longer be satisfied. 

 

Once a rule has been fired and the action part has been executed, the rule 

interpreter cycles round and looks again at all the rules to find which to fire next.  

The rule firing cycle is particularly important in those scenarios in which the firing of 

an activated rule can disable the posterior firing of concurrent activated rules, which 

is quite frequent in concurrent systems with exclusive actions. Note that the action 

that the agent carried out might have changed the value of its attributes or the 

environment information, so the rules which fire on the second cycle may not be the 

same as the ones which fired first time round. 

 

This situation is quite frequent in urban policy decision making. For example, if an 

agent A1 sends a message to an agent A2, but A2 activated rules were run before A1, 

agent A2 will not get the message from A1 until the next round, by which time the 

message may no longer be relevant. Coloured Petri Net formalism provides the right 

tools to avoid errors in the simulation code that could emerge due to concurrency 

problems.  

 

9.2.2.2 Prototyping 

Prototyping can be described as an experimentation process that involves usage of 

prototypes as means to facilitate discussions or clarification of concepts. A prototype 

of the conceptual simulation model has only the look and feel of what the cloud 

simulation model will be like. Model prototype reflects chosen aspects of the system 

and provides a mean for the WP2 modellers and the users to view the eventual 

system or its key parts. The common purpose of prototyping is to reduce the 

uncertainty about properties of the anticipated simulation model, saving time and 

cost: scaled models provide less expensive, yet concrete basis for discussing 

difficulties, clarifying problems or preparing discussions between the modellers, 
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simulation developers and the end users. In the simulation community, it is a 

common practice to do not expected to get a fully functioning simulation platform 

the first time out. What are expected in early runs are prototypes, which bring the 

knowledge needed in building the simulation platform to the developers. 

 

The advantages of prototyping the conceptual model for validation are: 

• Provides an excellent feedback to the modellers and is carried out particularly 

when the modeller do not know in advance what kind of knowledge might be 

needed or where the requirements are initially unclear.  

• Helps modellers in detailing requirements, in feasibility studies and in testing. 

• The use of the conceptual model prototype for testing purposes with real 

users is known as low-fidelity (lo-fi) prototyping, and helps developers to have 

a concern for usability and formative evaluation.  

 

In WP2 a reusable (evolutionary) prototyping approach is implemented in such a way 

that the efforts used in constructing the prototype is not wasted since parts or even 

the whole prototype is used to implement the final simulation platform, and also 

reduces the number of times the developers get to refine their designs before 

committing to code.  

9.2.2.3 User Interface 

An important factor for model acceptability by a diversity of end-users is to provide a 

user interface that could facilitate not only the design of new simulation scenarios by 

means of sliders, switches, buttons and dials for the input of parameters, together 

with various graphs and displays for the output, but also traceability tools to show 

the progress of the simulation in case emergent dynamics could require of a proper 

justification. Traceability can also be supported by output displays that are primarily 

there for debugging and for building confidence that the model is executing as 

expected. End-users should have the possibility to hide these displays when they are 

not required to justify the simulation results.  

The most simplified end-user simulation interface should at least provide a control to 

start, pause and stop the simulation and a display to show that the simulation is 
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proceeding as expected (for example, a counter to show the number of steps 

completed).  

WP5 will provide a particular model visualization tool to allow end users to see the 

different rules implemented in the model together with their relationship. A browser 

will allow end users to navigate through the rule-based model in such a way, that the 

conditional part and the action part or the rules specified in the CPN formalism will 

be accessible for understating purposes. 

Note that  

The first strategy many authors document their model using graphic language such 

as Unified Modeling Language. In (Bakam et al., 2001) Coloured Petri Net models are 

used for this purpose in a hunting management system. The presentation of models 

using a graphic language has the advantage of verification through replication of 

models as already introduced in the annex.  

 

9.2.3 Model falseness 

Falsification is the most widely used approach to the validation of models and is 

related to direct comparison of input–output data from the model and from the real 

system. However, also within this validation area the methods substantially differ 

concerning the applied principles. The basic distinction concerns the questions what 

is compared and how it is compared. 

The comparison of measured and simulated data can be performed qualitatively, 

quantitatively, or based on statistical methods (Murray-Smith, 1998). 

• Qualitative approaches involve plotting the process and the corresponding 

model variables and performing visual inspection of differences. 

• Quantitative methods are based on performance measures that determine 

goodness of fit (root mean square error, Theil’s inequality coefficient relative 

error among others). The use of quantitative methods in the particular model 

developed for Zagreb Pilot are not considered, but can be implemented in 

other pilot models. 

• Statistical methods apply to the comparison of the distribution of the data 

rather than to point-by-point comparisons. They include descriptive statistics, 

which deals with means, variances, correlations, etc., and inferential statistics, 
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which considers hypothesis tests and confidential intervals (Qureshi et al., 

1999). A widely used “on-line” validation approach is a stepwise regression 

where the selection of the model structure is based on the correlation 

coefficient R and the F-ratio. R gives a measure of the accuracy of the fit, 

while the F-ratio provides a measure of the confidence that can be ascribed to 

this fit. In FUPOL the Chi-square hypothesis test will be implemented to check 

the fitness of the simulation generated data with respect to the sample data 

collected from the real scenario (at present envisaged mainly for Pegeia and 

Barnsley pilots).  

 

9.2.3.1 Model Re-implementation 

One of the most accepted model verification techniques consist is to re-implement 

the model using a different programming language in order to ensure that the output 

does reflect the underlying model and is not a consequence of bugs.  In FUPOL, the 

codification and simulation of the agent rule based behaviour in coloured petri net 

formalism, allows comparing if both models yields similar results when experimenting 

with particular scenarios. The state space analysis of the agents’ rules enhances a 

sensitivity analysis to examine the extent to which variation in the model’s 

parameters yield differences in the outcome. One result that can be obtained by the 

sensitivity analysis using the reacheability tree is the range of applicability of the 

model, that is, the circumstances in which the model corresponds to the target.  

 

Model space exploration frequently takes the form of a sequence of random 

selections of elements in the model domain and then some graphical or statistical 

processing of data from the resulting output trajectories. There are also more 

selective and also formal approaches to model space exploration. In (Scott Moss, 

2009) four approaches are distinguished: 

• Random exploration: Monte Carlo studies and the like. 

• Selective exploration: Choose elements from a subset of the domain that is 

claimed to be in some sense realistic or relevant. 
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• Formal exploration: Use logical (including mathematical) means to identify the 

boundary of the meaningful or feasible subset of the domain and explore the 

range corresponding to that subset. 

• Mixed formal-random exploration: Choose random values for initial states of a 

model and use, for example, constraint logic to determine whether it is 

feasible. If it is feasible, then run the model to determine the corresponding 

output trajectory. Repeated applications will determine trajectories in the 

range of the model and others that are not in the range of he model, thereby 

to determine with increasing fineness the boundaries of both the domain and 

the range. 

 

9.2.3.2 Unit Tests 

Unit testing is a technique which consist to codify simplified simulation scenarios that 

usually are implemented in parallel to the conceptual model, in such a way that 

every time the model is modified, all the unit tests are re-run to show that the 

change has not introduced bugs into existing code. Furthermore, when the model is 

extended, usually more unit tests are codified, in order to have an approach that 

could support a test of everything. The idea of unit tests comes from the software 

engineering community and has been shown very effective for the kind of iterative, 

developmental prototyping approach that is common when developing the 

conceptual model.  

In order to avoid an explosion of time consuming poor unit tests, in FUPOL the unit 

tests are designed as part of the conceptual model itself, although  a test harness 

has also been implemented to avoid the tedious work of starting individually each 

unit test. The test harness implemented are also used sometimes to obtain a 

qualitative guess of the sensitivity problem by involving multiple runs of the 

simulation while automatically varying the input parameters and recording the 

outputs avoiding in this way doing such runs manually which is quite tedious and 

prone to error.  

 

As part of the validation approach proposed in FUPOL, conceptual agent based 

models implemented in Repast allows the definition of some domain variables to set 
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the starting and ending points of an input range and then sweep through the 

interval, rerunning the model and recording the results for each different value. A 

graphical interface is built only for debugging and also to see what is happening, but 

this interface is not deployed to end-users. 

 

9.2.3.3 Scenarios with real data  

Another kind of test is to compare the results from the model with data from the 

target (that is, from the ‘real world’ being modelled). While such data comparisons 

are highly desirable in FUPOL, it has not been possible to implement in the MAS 

conceptual models since the pilots are under construction. As strategy to improve the 

credibility of the model, it is expected to obtain data from similar real scenarios in 

such a way that a statistical test could be used to partially test the simulation results. 

Thus, in the Green Park design model developed for the Oporovec project, some of 

the human behaviour dynamics could be tested against to another green park in the 

same city with a similar neighbourhood population: 

• Saturation Conflicts: When an adult gets with his kids to a zone in the park for 

a certain activity, according to the amount of people (kids and adults) in the 

zone, he give up his preferences and move to another zone to practice 

another activity. 

• Adapting the timetable: interactions between adults with kid responsibilities in 

particular zones in the green park generates some social affinities and 

complicities that use to lead to shifting arrival and departure times to/from the 

zone in order to share the same time slot. When conflicts are detected due to 

cultural or educational differences, a time shifting is also generated but to 

avoid sharing the same time period in the same zone. 

The parameters used in the Agent saturation conflict behavioural rules and in the 

affinity/complicity/cultural-educational-conflict rules has been tested using extreme 

scenarios obtaining the predicted results, however, these parameters could also be 

tested with respect to a real green park scenario by means of a field work. 

When available real scenario data could be collected, the conceptual model will be 

run many times to obtain a stable statistical distribution of the output, however it 

should be considered that normally it is not possible to ‘run the real world’ many 
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times. Thus, a weak test has been implemented (the best one can do) to test that 

there is a reasonable likelihood that the observed behaviour of the target could be 

drawn from the distribution of outputs from the model. 

The comparison of the MAS results with other types of models (such as differential 

equations) or data from the real scenario will be considered only in those pilot 

models in which real data could be collected (i.e. Pegeia Pilot) or alternative models 

could be available (i.e. Barnsley Pilot).  

 

9.3 Conceptual Model: Bug-free examples 

When dealing with the modelling of real systems, it must be accepted that it is very 

easy to introduce a bug in the agent code, which can have an important impact on 

the simulation results.  Furthermore, sometimes the impact on the results could be 

low for certain scenarios  which is even worst because the bug could go unnoticed, 

dealing with erroneous results when end-users would experiment with different 

scenarios. Furthermore, experience claims that the output obtained running the 

simulation code for the first time, probably is due, not to the intended behaviour of 

the agents, but to the effect of bugs in the code. In fact, it should be accepted that it 

is almost impossible to create agent based simulations of social systems that are 

initially free of bugs and, while there are ways of reducing bugs (ie. unit test), the 

time spent in WP2 for chasing bugs has been quite similar to the time spent for 

building the conceptual model. 

 

One of the most used strategies for finding bugs during the implementation of the 

conceptual model has been the use of extreme test units for which the output was 

predictable. For example, in the Green Park Simulation model developed in Zagreb 

for the Oporovec project, the following extreme unit tests were designed, such as: 

S1. A neighbourhood population integrated only by elderly people without kids under 

their responsibility: The expected output was Zones 1 to 4 fully empty. Figure 3 

illustrate the occupancy results of the different zones considering present 

extreme conditions.  
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Figure 25: Zones occupancy considering only elderly people in the neighbourhood. 

 

S2. A neighbourhood population mostly integrated by families with kids in 

scholarship age: The expected output (as shown in Figure 26) was that zones 

1 to 4 shouldn't be crowded during scholar time while the peak of occupancy 

is between 17:00 to 19:00.   

 
Figure 26: Zones occupancy considering mostly integrated by families with kids in scholarship age 
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S3. A high occupancy of Zones 1 to 4 by autistic kids between 17:00 to 19:00 and 

a majority population with kids between 3 to 8 years old: Transitions to no in 

citizen’s formation model regarding the integration of autistic kinds with non-

autistic should increase. Figure 27 illustrate the amount of conflicts in the 

different zones considering present extreme conditions. 

 

 
Figure 27: Amount of Conflicts in the different zones of the park 

 

A neighbourhood population integrated by people with previous positive experiences 

with autistic kids: Transitions to yes in citizen’s formation model regarding the 

integration of autistic kinds with non-autistic should increase. Figure 28¡Error! No 

se encuentra el origen de la referencia. shows the evolution of the citizen 

opinions in the extreme scenario S4.  

S4.  

 
Figure 28: Opinion results obtained in extrem scenario S4 

 

S5. Municipality campaigns driven mainly in the green park zones in which autistic 

assistants and other staff take cares of integration activities paying also 

special attention to influence positively the park users, resolving the conflicts 
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between autistic and non-autistic: With this pro-active policy and assuming 

very few conflicts between autistic and non-autistic, it is expected that 

transitions to yes in citizen’s formation model regarding the integration of 

autistic kinds with non-autistic should increase. 

 

Figure 29 shows the evolution of the citizen opinions in the last extreme scenario S5 

, in which blue and green colours are used to represent pre-conceived yes and no 

opinions while pink and black are well consolidated yes and no opinions. The 

reacheability tree has been used to check if the causal model could generate feasible 

rates for yes and no opinions (ie. scenarios with a 70% yes against 30% among 

others). Furthermore, the recheability tree analysis tool has also been used to 

validate not only the final rates, but also the evolution of these rates. Thus, for 

example, in case yes option is increasing from 25% until 75% and then moves 

suddenly to 10% without any justifying event, a bug could be reported. 

 

 
Figure 29 Opinion results obtained in extrem scenario S5 

 

 

Even extreme scenarios will not necessarily remove all bugs, its helps the modellers 

to be aware of the possibility that their results are merely artefacts generated by 

their programs. 

 

9.4 Implementation of the Validation Strategy in FUPOL 

According to (Flood and Carson 1993) : “Face validity is where a group of experts or 

referees assesses whether the measuring instrument measures the attribute of 

interest. If there consensus among these judges (which is subjective and not 

a) b) c) d)

a) b) c) d)
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necessarily repeatable), then the measuring instrument can be said to have face 

validity“ . 

 

Thus, despite there is no full-proof method for determining the validity of qualitative 

simulation (C. van Dijkum 1999), we can, however, conduct a reasonable 

assessment considering: 

 

1. Descriptive output validation, matching computationally generated output 

against already available actual data. This kind of validation procedure is 

probably the most intuitive one, and it represents a fundamental step towards 

a good model’s calibration. 

Scenarios with real data may not be possible for all pilots due to there may be 

only one observation and this is most probably after the project (once the 

policy has been implemented). Despite lack of real data for a rigorous model 

falseness of the simulation results with the real scenario, a workaround will be 

provided by collecting data (ie. field work) from similar scenarios to deal with 

partial descriptive output validations. 

Thus for example, in the Zagreb pilot, the model is used to predict the 

different conflicts (between autistic and non-autistic, but also between non-

autistics). By means of a field work, the model could be parametrized to 

another park in Zagreb in order to predict the amount of conflicts due to a 

lack of capacity in certain zones and excess in others. Furthermore, 

considering the population profile of the neighbourhood area of a green park, 

the model could also be validated (descriptive output validation) by collecting 

real data of zone usage. 

 

In the particular simulation model developed in Skopje for the Vodno 

mountain, the descriptive output validation could also be achieved by 

generating different track scheduling for the different activities, and ask 

different groups of people whether they would like or not.  A falseness 

validation of the opinion formation model could be partially achieved.   
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2. Predictive output validation, matching computationally generated data against 

yet-to-be-acquired system data. Obviously, the main problem concerning this 

procedure is essentially due to the delay between the simulation results and 

the final comparison with actual data. This may cause some difficulties when 

trying to study long time phenomena. Anyway, since prediction should be the 

real aim of every model, predictive output validation must be considered an 

essential tool for an exhaustive analysis of a model meant to reproduce 

reality. 

3. Input validation, ensuring that the fundamental structural, behavioural and 

institutional conditions incorporated in the model reproduce the main aspects 

of the actual system. This is what we can call ex ante validation; the 

researcher, in fact, tries to introduce the correct parameters in the model 

before running it. The information about parameters can be obtained 

analyzing actual data, thanks to the common empirical analysis. Input 

validation is obviously a necessary step one has to take before calibrating the 

model. 

Input validation will be performed by WP2/WP4/WP7 team in each simulation 

model pilot.  

 

In Table 1 it is summarized the MAS model validation tasks that will be performed in 

FUPOL. 

 

Validation	  	   Tasks	   When	   Who	  participates	   Results	  

Model	  Plausability	   Rule	  Testing	   During	  

Conceptual	  

model	  design	  

	  

	  

Expert	  

Intervention	  

(WP7),	   modellers	  

(WP2)	  

Formal	  

specification	   of	  

the	   rules	   that	  

will	   be	  

implemented	  in	  

the	   simulation	  

model.	  

Prototyping	   During	   Conceptual	  

model	  design	  

Expert	   Intervention	  

(WP7),	   modellers	  

(WP2)	  

Several	   simulation	  

models	  to	  partially	  

test	   the	   MAS	  
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model.	  

Hypothesis	   During	   Conceptual	  

model	  design	  

Expert	   Intervention	  

(WP7),	   modellers	  

(WP2)	  

Definition	   of	   the	  

simulation	   model	  

scope	  	  

Acceptability	   Once	   Simulation	  

Platform	   will	   be	  

deployed	   for	   end-‐

users	  

Expert	   Intervention	  

(WP7),	   End-‐Users	  

(WP7),	   Modellers	  

(WP2),	   Simulation	  

Developers	  (WP4)	  

Set	  of	  exercises	   to	  

engage	   end-‐users	  

to	   use	   the	  

simulation	  

platform.	  

Model	  Purposiveness	   Target	  

Evaluation	  

During	   Conceptual	  

model	  design	  

Expert	   Intervention	  

(WP7),	   End-‐Users	  

(WP7),	   Modellers	  

(WP2),	   Simulation	  

Developers	  (WP4)	  

Specification	   of	  

the	   simulation	  

targets	   that	  

should	   be	  

supported	   by	   the	  

model.	  

Acceptability	   Once	   Simulation	  

Platform	   will	   be	  

deployed	   for	   end-‐

users	  

Expert	   Intervention	  

(WP7),	   End-‐Users	  

(WP7),	   Modellers	  

(WP2),	   Simulation	  

Developers	  (WP4)	  

One	   Workshop	  

with	   the	   different	  

stakeholders	   in	  

which	   the	  

simulation	  

platform	   will	   be	  

used	   to	   evaluate	  

the	   performance	  

of	   different	   policy	  

alternatives	  

Model	  Falseness:	  	  	   Re-‐

Implementation	  

During	   Conceptual	  

model	  design	  

Modellers	  (WP2)	   MAS	   and	   CPN	  

formalization	   of	  

the	   rule	   based	  

model.	  

During	  FCM	  design	   Modellers	   (WP2),	  

Visualization	  

developers	  (WP5)	  

A	   FCM	   based	   on	  

the	   results	  

obtained	  using	  the	  

conceptual	  model.	  

Once	   Simulation	  

Platform	   will	   be	  

deployed	   for	   end-‐

users	  

Modellers	   (WP2),	  

Visualization	  

Developers	   (WP5),	  

Simulation	  

A	   FCM	   based	   on	  

the	   results	  

obtained	  using	  the	  

conceptual	  model.	  
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Developers	  (WP4)	  

Unit	  Tests	   During	  

Conceptual	  

model	  design	  

Expert	  

Intervention	  

(WP7),	   modellers	  

(WP2)	  

Set	   of	   scenario	  

test.	  

During	   Simulation	  

Platform	  

implementation	  

Simulation	  

Developers	   (WP4),	  

modellers	  (WP2)	  

Set	   of	   scenario	  

test.	  

Real	   Data	  

Analysis	  

During	   Conceptual	  

model	   design,	   in	  

case	  real	  data	  could	  

be	  collected	  

Expert	   Intervention	  

(WP7),	   modellers	  

(WP2)	  

Results	   of	  

Statistical	  tests	  

During	   Simulation	  

Platform	  

implementation,	   in	  

case	  real	  data	  could	  

be	  collected	  

Expert	   Intervention	  

(WP7),Modellers	  

(WP2),	   Simulation	  

Developers	  (WP4)	  

Results	   of	  

Statistical	  tests	  

Acceptability	   Once	   Simulation	  

Platform	   will	   be	  

deployed	   for	   end-‐

users	  

Expert	  Intervention	  
(WP7),	  Modellers	  
(WP2),	  Simulation	  
Developers	  (WP4)	  

One	  Workshop	  
with	  the	  different	  
pilot	  experts	  in	  
which	  the	  
simulation	  
platform	  will	  be	  
used	  to	  calibrate	  
the	  parameters	  
for	  a	  specific	  
scenario	  

Table 6: MAS model validation tasks in FUPOL 

 

For the simulation model of Zagreb Pilot, the validation steps that has already been 

performed are: 

 

Validation	  	   Tasks	   Results	  

Model	  Plausability	   Rule	  Testing	   Formal	   specification	   of	   the	   rules	   has	   been	  

implemented	  in	  the	  simulation	  model.	  

Prototyping	   Several	  simulation	  models	  has	  been	  implememented	  

to	  partially	  test	  the	  MAS	  model.	  
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Hypothesis	   Definition	  of	  the	  simulation	  model	  scope	  	  

Model	  Purposiveness	   Target	  

Evaluation	  

Specification	  of	  the	  simulation	  targets.	  	  

Model	  Falseness:	  	  	   Re-‐

Implementation	  

MAS	  and	  CPN	  formalization	  of	  the	  rule	  based	  model	  

has	  been	  implemented.	  

Unit	  Tests	   Set	  of	  scenario	  test.	  
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