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Abstract—Housing market dynamics and modeling of housing 

market evolution in Lugano (southern part of Switzerland) is the 
main goal of this work. An agent-based modeling has been used to 
model the individual behavior and decision-making process of 
people in the market. In fact this model is a representation of the 
decision making processes of humans in housing market. Every 
agent is identified through his position, time interval he exists in 
the system, his individual and social properties and his behavior. 
Different features make different mentalities in different agents to 
process uncertain information they gain from environment and 
the other agents to make two different types of events, i.e., supplies 
and demands. The model tries to forecast and analyze the 
dynamics of housing market in Lugano by modeling behavior of 
individuals who are living in this city and constructing the model 
on the interdependency of these behaviors and the information 
that flows in the system. In this paper the modeling approach we 
have used and the conceptual framework of the model will be 
presented. 

Keywords-component; agent-based modeling; multi-agent 
systems; decision making process; complex system engineering.  

I. INTRODUCTION  
 

Market is a macro-level phenomenon that its behavior depends on 
the behavior of human individuals. This type of macro-level 
phenomenon that is produced by the entities who exist on micro-level 
are simulated by individual-based simulation methods [1, 2]. When the 
entities in an individual-based simulation have cognitive processes 
capabilities, the individual-based simulation is called multi-agent 
approach [3,4].The problem we intend to deal with is housing market 
modeling which is a macro-level phenomenon that the significant 
actors in it are humans, so we decided to use a multi-agent based 
modeling approach  to model this phenomenon. In this model, our 
focus is on individual behavior modeling but the goal is answering the 
questions that are related to the phenomena that occur in aggregated 
(macro) level. At any given time, each agent acts according to its 
current situation, the state of the world and the rules governing its 
behavior.  By this model we are able to present a mathematical and 
engineering approach to model any financial economy as a complex 
system and analyzing the dynamics of the system in future.  

Housing market in Lugano has been modeled by the agents and 
their spatial location. Two agent groups, i.e, supply makers and 
demand makers from Lugano and neighborhood town’s population has 
been defined. In our model the agents don’t behave just based on 
utility maximization strategy. They have some cognitive processes 
capabilities that enable them to make decisions considering their 
satisfaction, benefit, preferences, intentions, the features of the spatial 
point and all the uncertainty they confront during this decision making 

process. In this work the bounded rational behavior of individuals is 
modeled considering this matter that people process linguistic 
properties to make decision. By this type of models we are able to 
trace the intentions and preferences of the agents to discover those 
types of behaviors leading to disasters. By locating the agents in 
spatial points we model the interrelationship of the spatial dynamics 
and the decision making processes in the agents [5]. The spatial point 
unit is one hectare of Lugano. Every agent is characterized by its 
features and location.  

In this paper we discuss the engineering of the housing market 
modeling as a complex system. Engineering of housing market 
systems is an important asset for business and economics of the 
nations. What is very challenging in this model is that we plan to 
model the behavior of a system through modeling the behavior of 
individual agents which are living in the system and make the 
emergent behavior of the system. The method we have used can be 
used for modeling the dynamics of every economic system. By this 
model we are able to observe how the behavior of an agent can affect 
the price of the house or the segregation phenomenon in Lugano 
during next 15 years. Model is detailed enough to find the roots of the 
emergent behavior we will have and it can be very useful to have a 
better risk management in future.  

In this paper we explain the engineering methods we have used to 
explain and represent the model in three parts; i.e., mathematical 
modeling, structural modeling and behavioral modeling of the housing 
market. In mathematical modeling part we define the conceptual 
framework of the model and explain the important concepts we have 
used to define the model. Structure and behavior as an essential view 
of a system will be explained in the later parts.  

 

II. CONCEPTUAL FRAMEWORK OF THE MODEL  
 

In this part of the paper, we explain the general framework we 
have used in this model. First we start to state the purposes of doing 
such a model in terms of the problems which will be solved or the 
questions that are answered through doing this model.  Answering 
these two questions are the main purposes of doing such a model but it 
is clear that in addition of answering these questions we are able to 
address a few other questions such as the effect of house prices on 
segregation or interest rate on the prices of the houses.      There is 
some background information to construct the model. This 
information will be injected to this model as the rules that govern the 
behavior of the agents. The sources of this information are either the 
economic information or the economic models outputs regarding the 
problem. For example we have used the results of residential choice 
models that have been used by economists to extract the rules that we 
need to specify the preferences of the agents to select their residence. 
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These rules will be used as the rules of a fuzzy type-2 expert system to 
evaluate the satisfaction level of the household with their houses and 
the environment they live in. We will explain more the mentioned 
satisfaction level and the fuzzy expert system that has been used in this 
model.  

 

 
 
 

 

 

 

 

 

 

 

 

 

The conceptual framework of the model is demonstrated in Fig.1 
and Fig.2. To study the behavior of housing market in Lugano, we 
have focused on three significant factors, i.e., supply, demand and 
price.  Demand is the rate at which people want to buy a new house. 
Demand is required to motivate the house suppliers to make houses to 
sell. When the demands of a property in a particular area increases and 
there is a shortage of supplies, then the power in the market shifts 
toward the seller and conversely when the demand decreases and there 
is a glut of properties available then the power of the market will shift 
toward the buyer. This means that they have this poverty to select a 
house among the available houses and negotiate a price that is lower 
than the published price [13]. 

There are two types of people in making the demands, i.e., people 
who are householders and the people who want to make their own 
households (Fig. 1).   The people, who are not householders, can make 
demand in housing market by making their own household. Making 
own households causes by marriage or getting independent from the 
parents or by immigrating to Lugano (exogenous events). These types 
of reasons that cause demands are called exogenous because they are 
not produced inside the model and are the reasons that entre to the 
model from the outside. 

The people who are households decides to change their current 
residence in order to buy a new house when they are not satisfied by 
the current house considering the features of the house, environment 
and their own socio-economic properties. The households are 
constantly evaluating their social and welfare position in society and 
considering the result of this evaluation they make new decisions. 
Satisfaction level of every agent in computed by a fuzzy type-2 expert 
system. For every agent the satisfaction level is computed by and the 
agents whose satisfaction level is under a stochastic threshold will be 
accumulated in Unsatisfied Agent. The unsatisfied agents will select a 
house in the available houses (Demand making) and produce the 
demand.  In this model, unsatisfied households and the people who 
intend to make their own households make Demand. (Fig. 1) 

 

 
 

Fig 1.The conceptual framework of making Demand 

 

The demand affects two things that are the outflow to the supply 
and the desired supply. In this model the rate of shipments from the 
supply is equal to the demand.  The demand also specifies the 
supplier's desired stock. When the number of demand increases, the 
house suppliers start to build new houses and increasing its price.  

. In this model the houses that are made by all the house suppliers 
in different hectares are accumulated in supply.  The inflow supply 
represents the total production of the houses in Lugano.  The outflow 
to sold houses is equal to the demand (the selected houses by the 
activated households). In this model the effects of excess or 
inadequate supplies has been modeled. The supply stock represents the 
total number of available houses in Lugano. The sold apartment flow 
is the weekly demand for houses and desired supply is the quantity of 
houses the suppliers would like to have in supply stock to cover 
several months of demands. This is because there are time lags 
between a change in demand and an increase in the supply of new 
properties becoming available, or other homeowners deciding to put 
their properties onto the market. Desired supply is the product of 
desired supply coverage ad demand. The supply ratio is the ratio of 
supply to desired supply and is a factor that determines price.  

 

The behavior of housing market is specified by the desirable price 
for seller and the actual price (the price that is expected by the buyers).  
Price is modeled as a stock because prices cannot change 
instantaneously. People do not have immediate and exact information 
on the supply and demand of the commodity in question especially in 
housing market that there is time lag between making demand and 
providing supplies. Additionally, when the information becomes 
available, it takes time to make a decision about changing the price. 

The model starts as an empty void with space and time 
coordinates. Time and Space are defined as below: 

 

Time: ݐ א ܶ is a point in time, where ܶ ك Ζ.  

Space: ሺݔ, ሻݕ א ܺ indicates a location in a vector space. ܺ is a 2D 
vector space which determines the  ݔ and ݕ coordination’s of hectares 
in Lugano. Our model evolves in different hectares of Lugano, which 
are determined by 2D coordination’s over a specific duration of time. 

Problem: We want to answer two types of 
questions through doing this model that are: 

1- The prices of the houses and real estate 
products in Lugano during the next 15 
years using the supply and demand 
concepts. 
 

2-  The impact of the current rate of 
immigration of foreigners to Lugano on 
the behavior of the households in 
southern part of Switzerland from 
segregation point of view. 

 



At ݐ ൌ  ଴ model is an empty void with determined space points. Thenݐ
we start to fill different space points (hectares) with the agents which 
are the apartments and the located households (Fig 3.).  

We have proposed to use an agent-based model to connect the 
structure of the model to the behavior of individual agents. The events 
of the system are made by the behavior of the agents and the structure 
of the model is shaped by these events. In this model agents are 
defined as below:   

Agent: an agent is an autonomous and identifiable object in space-
time, which is able to make decision considering their own mentality, 
behavior and the information they get from environment and the other 
agents. The decisions of these agents cause happening of some events 
in the system leading to the creating new type of information and 
changing the state of the system.  As we mentioned above, defining of 
the agents is done based on the questions we are interested to 
response. The questions are about the price and the behavior of the 
households so one of the agents that we define is households that we 
need to model their behavior. The price of housing is derived by 
supply and demand in a free market in this way that When demand 
increases and/or supply decreases, prices go up. The demand is made 
by the households considering the features of their houses and the 
supply is made by house suppliers. So to answer the mentioned 
questions we need to define three types of agents, i.e., Demand 
Makers, Supply Makers and the Houses. Demand and supply maker 
agents are called active agents and houses are called passive agents. 

 

 
 

Fig 2. The conceptual framework of making Demand 

 Entity: Entity is an object that exists in space-time. In this model, the 
entities are the houses that exist in a space point (hectare) of the city in 
a time interval. The demand and supply is identified by the aggregated 
number of these entities. 

Event: is an object that exists in the time dimension. It is created 
by the decisions of the agents in a specified time interval. When the 
event occurs, it may affect other agents, cause other events, the flow of 
the information and the future behavior of the other agents. I must 
emphasize that the events are the actions that are performed by the 
agents, and in this way they are related to space-time so they would be 
a factor of agent’s behavior evaluating as well as the cause of other 
events. 

State: our goal is modeling housing market and observing the 

evolution of the system in every time from the starting point and save 
the minimal amount of information from the initial state. In this case 
we stop the process at ݐᇱ ൐ 0  and observe save the achieved 
information at ݐᇱ  as the state of the system in different space points 
(hectares) of the model to observe and analyze the changes of the 
system. 

At time ݐ଴ ൌ 0, the state of the system consist of the space that 
agents and entities exist in, the time  that the model will be executed, 
the agents and the entities and the initial event. 

 

A. Mathematical Modeling of Housing Market 
 

In this work there are two different types of agents, i.e., demand 
makers ad supply makers that have been modeled behaviorally 
considering their features, location, residence, job, nationality and 
neighbors. These events are made through a behavioral decision 
making process by the mentioned agent. The conceptual model of this 
process has been shown in Figure 1,2.  The events are created through 
the following steps: 

 1- Evaluation of satisfaction level for every agent through 
observing her environment, the place she lives in, her 
mentality and her social and individual properties. If an 
agent is not satisfied she tries to find a new place and enter 
in the market. This type of activation is called endogenous 
activation and happens in the mind of the people. This 
function is implemented by a fuzzy type-2 inference 
engine. This function is a multi-input, single output 
functions that is implemented on every agent that is take 
from the population. 

  

 2- Every activated agent tries to find a new house in a new 
position considering her abilities, needs and her reasons to 
change her previous house. Step 1 and 2 make the demand 
in the system. One of the significant factors in any market 
is demand. Demand has a positive effect on the market. In 
fact demand is made through a hierarchical fuzzy inference 
machine that the stages of this inference machine are 
modeling of unsatisfaction for every agent and modeling g 
of selection for every agent. 

 3- In every hectare the potential of building new house 
considering the number of demands for that hectare, the 
mortgage rate and the number of available supplies is 
computed to learn about the construction of new building.  

 4- Agents negotiate with each other to reach to an accepted price 
for the selected house in a specific space point. 

 

III. MODEL IMPLEMENTATION  
 

The implemented model is a discrete-time model and the state of the 
system changes just at event occurrence time, which is a fixed time 
interval. As it was mentioned before model consists of two different 
types of agents, which are identifiable by their position and their 
properties. So in every hectare there are some buildings, households as 
demand makers and one potential house builder. So the state of the 
system in every hectare at location ሺݔ, ,ᇱݐሺݏ :ᇱ isݐ ሻ at the current timeݕ ,ݔ ሻݕ ൌ ሺܤଵ௧ᇲ, … , ௡௧ᇲܤ , ,ଵ௧ᇲܪ … , ,௞௧ᇲܪ ܲ௧ᇲሻ 

Where B୬୲ᇲ  is the properties of the nth  building and H୩୲ᇲ
 is the 



characteristics of the kth householder as demand maker and P୲ᇲ is the 
potential builder  at time tᇱ in the hectare which is located at position ሺx, yሻ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Execution of the model 

Fig. 3. Execution of the model 

 

The state of the system at time tᇱ is the state of different hectares 
in Lugano and is shown as below: Sሺtᇱሻ ൌ ሺsሺtᇱ, xଵ, yଵሻ, sሺtᇱ, xଶ, yଶሻ, … . , sሺtᇱ, x୬, y୬ሻሻ 

 

One turn execution of the model is shown in figure 4.  In this work 
this time interval is one week and the state of the system changes 
considering the number of changes of the demands and supplies since 
initial time until the current time.  

 

IV. STRUCTURAL MODELING OF HOUSING MARKET 
 

The model evolves by the decisions which are made by the agents. 
The decisions of the agents make the events of the system which are 
number of available supplies and demands. As it was mentioned 
before, the model is specified completely through a space-time vector. 
At any time, every space point of the model (1 hectare of Lugano) is 
composed of a class of Households and Buildings and the system is 

composed of a class of Builders. We show builders, buildings and 
households as an object to capture the information pertaining to them 
and to specify the associations between the object classes. The class 
diagram which has been used in this model is shown in figure 5. Our 
block diagram has three components that are class name, features and 
activities. Every class has a name as an identifier and some features as 
the properties of the class that are shared with the other objects of the 
class or the information that is used  by the objects of the class to be 
processed by the  activities . In this model two types of information is 
used, i.e., the attributes which are calculated like “number of 
demands” in Builders class and the attributes that are extracted directly 
from the data set we have like “nationality” in households class. The 
activity part of every class represents the behavior of the instances of 
the class considering the features of every instance and the features of 
the other classes.   

 
                     Households 

1- Number of person per  household 
2- Nationality 

3- Job 
4- Education level 

5- Salary 
 

1- Activation 
2- Selection 
3- Bidding  

 A. Class Diagram of Households class per every space point 
 

Builders 
number of demands per space point 
number of supplies per space point 

interest rate 
1- Evaluating Benefit 
2- Making Buildings 
3- Assigning a Price 
4- Bidding Process 

 B. Class Diagram of Builders for the system 
 

  Building 
1- Number of flats 

2- Number of rooms per flat 
3- Date of the Building 

4- rent of the flats 
5- number of free apartments 

 
1- Renew 

2- Assigning  a price 
 

 C. Class Diagram of Buildings per every space point 
 

Figure 4. The Class Diagrams for different agents of the model 

 
In this model we have instances diagrams which are similar to class 
diagrams and describe the objects of the classes. In every hectare 
there are a number of instance diagrams for households and 
buildings. Depending on the features of every hectare an instance 
diagram for the builder can be produced. 
 
 
 

Initial State of the System 
In every hectare the features of the households and buildings are assigned 

Unsatisfaction Level Evaluating 

Every unsatisfied person tries to find the best fit house 

In every hectare, the potential builders decide regarding building of new 
houses considering demand and other factors 

Builders assign a new price to the built houses 

There will be a bidding process between the builder and demander 

Changing the state of the system 

Negotiation 
is successful 



 
 

Figure 5. Instance diagram for one household and one building in 
the hectare (x,y) at the initial time. 

 

For having the structural model of Housing market we need to 
aggregate all the instance diagrams in Lugano and start to run the 
simulation for all the instance diagrams.  

 

In this model agents are able to make interconnection and have a 
cooperative decision making process. Households evaluate their 
satisfaction level and if they are not satisfied start to change their place 
and make the demands of the market. If the number f demands are 
high and the number of supplies is low, Builders starts to make houses 
and sell them. The buyers try to have negotiation with the sellers to 
reach to an ideal price. So in all part of the model and in every turn of 
execution some agents make interconnection with some other agents 
and cause the flow of information in the system.  

 

V.  BEHAVIORAL MODELING OF HOUSING MARKET 
 

In this part we explain the methodology we have used to show the 
behavior of the agents in this model. Behavior means what the agents 
do. The behavior of the agents is implemented through the functions, 
the input and the outputs of functions and the ordering of the 
functions. One of the most important challenges in this model is 
processing of linguistic and uncertain features and properties as the 
inputs and outputs of the functions. The processing of the linguistic 
inputs is done by fuzzy type-2 expert systems. The inputs and the 
outputs are fuzzy type-2 membership grades. 

 

The inputs in this model are the attributes that are captured for 
every object in every space point at any time interval.  After 
categorizing the attributes we need to specify that what type of 
linguistic variables will specify the status of these attributes and how 
these linguistic variables are represented and processed in their mind 
of different agents. Different people have different deductions about a 
same quality. For example when we say the rent of the apartment is 
low has different meaning for a person with 2000 CHF/Month income 
in compare to a person with 10000 CHF/Month. Low rent is 
represented differently in the mind of these two agents from two 
different countries and cultures and when we are modeling 
dissatisfaction we must consider these type of differences. This is the 
uncertainty of the values and in modeled by fuzzy type-2 membership 
functions. To introduce the fuzzy type-2 membership function we need 
to review the fuzzy type-2 set very briefly. A type-2 fuzzy set, 
denoted A, is characterized by a type-2 membership function µAሺx, uሻ, 
where x א Xand u א J୶ ك ሾ0,1ሿ, i.e., 

 A ൌ ൛൫ሺx, uሻ, µAሺx, uሻ൯|׊x א X, u׊ א J୶ ك ሾ0,1ሿ൯ሽ     

 

In which 0 ൑ µAሺx, uሻ ൑ 1. A can also be expressed as: 

 

A ൌ න න µA୳אJ౮ ሺx, uሻ/ሺx, uሻ ୶אX      J୶ ك ሾ0,1ሿ 
 

As it is clear by the definition, the type-2 fuzzy set is the extension 
of the type-1 fuzzy sets to a higher degree. Type-2 fuzzy sets have 
grades of membership that are defined by type-1 membership 
functions, which are called secondary membership degree. When all 
secondary grades as µAሺx, uሻ ൌ 1 then it is an interval fuzzy type-2 
system. The uncertainty that exists in the primary memberships of 
interval type-2 fuzzy system consists of a bounded region that is called 
the footprint of uncertainty (FOU). It is the union of all primary 
memberships, i.e., 

ሻܣሺܷܱܨ  ൌ ራ ௑א௫                           ௫ܬ  

 

The lower and upper membership function that is associated with 
the lower and upper bound of FOUሺAሻ and is defined as below: 

ሻݔ஺ሺߤ  ؠ ݔ׊      ሻതതതതതതതതതതതܣሺܷܱܨ א ܺ 
ሻݔ஺ሺߤ  ؠ ݔ׊   ሻܣሺܷܱܨ א ܺ     

Therefore we conclude that in every interval type-2 fuzzy system, 
௫ܬ  ൌ ቂߤ஺ሺݔሻ, ሻቃݔ஺ሺߤ , ݔ׊ א ܺ            
  

After listing the attributes and specifying the category of them it is 
the time to  convert the crisp values of them into some membership 
degree in a way that it is able to express the subjectivity of the people 
in evaluating the properties and the uncertainty they must handle when 
they are analyzing linguistic variables.. Fuzzyfying in fact means 
intersecting the input value to the fuzzy set associated with every 
linguistic term. In this work we have used Gaussian type-2 
membership function with uncertain mean that takes on values in ሾmଵ, mଶሿ, i.e, 

ሻݔ஺ሺߤ  ൌ exp ൤െ 12 ቀݔ െ ߪ݉ ቁଶ൨       ݉ א ሾ݉ଵ, ݉ଶሿ  
 

In this way different attributes and the linguistic terms that specify 
their status is represented in the mind of every agent considering the 
differences that exist among different agents. The knowledge of the 
agents (consumers) are represented as some rules as below; 

 
 ܴ௟ ൌ ଵ௟ܽ݊݀ܨ ݏଵ݅ݔ ݂݅ … ,௣௟ܨ ݏ݅  ௣ݔ  ݀݊ܽ ݈                                                                                                               ௟ܩ ݏ݅ ݕ ݄݊݁ݐ ൌ 1, . . ,  ܯ
 

All the variables (inputs and outputs) are modeled by fuzzy type-2 
membership function to model and minimize the effects of uncertainty. 
Having p  inputs (attributes) xଵ א Xଵ, … . , x୮ א X୮  and one output 
(dissatisfaction level) y א Y we are able to make M rules which in fact 



demonstrate the knowledge of the households about the residence they 
live in and are uncertain. Uncertain rules mean the rules who’s the 
antecedent and consequent parts are uncertain or we can say more 
precisely membership functions. By using fuzzy type-1 we are not 
able to handle such uncertainty on the rules (behavior) and so we 
proposed to use fuzzy type2 systems to model every agent’s particular 
kind of intelligent behavior.   

 

By observing the attributes of a thouse, each rule R୪ determines a 
type-2 fuzzy set B୪ ൌ A୶°R୪ such that: 

 µBౢሺyሻ ൌ µA౮°Rౢ ൌ ሡ ൣµA౮ሺxሻ ת µRౢሺx, yሻ൧   y א Y୶אX  l ൌ 1,2, … . , M 

 µBౢሺyሻ which is called induced consequent  membership function 
and in fact is  the firing strength of this rule. By this equation, the 
input-output relation between the type-2 fuzzy set that activates one 
rule in the mind of the agent and the output (dissatisfaction ) is 
represented. Our model is an interval type-2 fuzzy sets and meet under 
product t-norm, so the result of the input and antecedent operations, 
which are contained in the firing set  , is an interval type-1 set, 

 

 F୪ሺxᇱሻ ൌ ൤f ୪ሺxᇱሻ, f୪ሺxᇱሻ൨ ؠ ሾf ୪, f୪ሿ 
Where 

 f ୪ሺxᇱሻ ൌ µFభౢሺxଵᇱ ሻ כ … כ µF౦ౢሺx୮ᇱ ሻ 

And f୪ሺxᇱሻ ൌ µFభౢሺxଵᇱ ሻ כ … כ µF౦ౢሺx୮ᇱ ሻ 

Where * is the product operation. 

 

 Three control operations were used in this model and are 
sequence, selection and iteration. Sequence determines the sequence 
of the execution of the functions, selection selects one function to be 
executed among some other functions and iteration iterates the model 
over time to make the dynamics of the market. These operations have 
been shown in Figure 2.   

 

  CONCLUSION 

 

Creating a detailed model of economic systems needs a huge 
amount of work on the modeling of the behavior of individual agents. 
The engineering part of these types of model is very important and 
needs to be done very carefully. The type of the structure and 
framework of the model effect the behavior type of the agent and it 
can affect the accuracy of the system so it is clear that the validation, 
analysis and implementation of the model are strongly connected to 
the engineering part of the model. We have represented a general 
approach to represent the model mathematically, structurally and 

behaviorally. Modeling of these types of systems can rapidly lead to a 
complicated simulation where it is difficult to recall parts of the 
model, so having an initial representation of the model seems crucial.  
In this work I have presented some part of our engineer work on the 
housing market modeling as a complex system modeling and will 
represent all the work more precisely in the came ready of the paper.  
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