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In this paper we present a software tool designed as a decision aid system for all actors being involved when buying or
selling real state, client and realtor, where a main objective for the commercial is to concentrate the client preferences into
few alternatives. Since the required previous analysis implies a number of fuzzy concepts, the general procedure here
presented considers fuzzy logic to deal with specifications. As a consequence, time devoted to elicitation and requirement

analysis is reduced.
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1. Introduction

The study and analysis of requirements in any kind of
application is usually made by using natural language,
i.e., in vague terms that are subject to uncertainty and
therefore difficult to model. Elicitation and analysis of
requirements demand a great amount of time and
resources to interpret and model such vagueness. In
particular, the process engineers facing vague
specifications must generally make a great effort to
understand and define a formal expression fitting the
customer’s preferences. An exhaustive analysis with the
client is demanded in order to assure that there is no
misinterpretation and to express these specifications in a
computational way. But this exhaustive analysis of
requirements is time consuming and increases the cost of
the design process, delaying as a consequence key
activities, such as implementation, validation, tests, etc.,
sometimes putting at risk the whole project.

The question that arises is: can we assure clarity in the
requirements without specifying them in a crisp way? It
should be noted that crisp specifications may look clear

without fitting reality. Some requirements subject to
uncertainty need to be specified as uncertain
requirements. Moreover, some requirements must be
completely specified before going through the next
phase of design, but others can remain ambiguous at
this stage. If meetings and negotiation processes with
the customers about requirements can be reduced or
even avoided, such a saving of time will be of great
advantage for both parts. Furthermore, when the design
is ready, the client and the analyst can focus on a better
orientated task and they do not have to waste time going
back to the first steps of the process.

In this paper we follow take into consideration the
arguments given in *? showing now an example on how
fuzzy logic can help to implement vague preferences
within the context of the real estate valuation. Before
buying or selling real state, a previous valuation of each
possible offer has to be developed by the commercial in
order to concentrate the client decision making problem
into few alternatives that may fit the client interest. But
in this analysis quite a number of fuzzy concepts
appear. In this work, we will propose a general
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procedure for handling vague requirements and
uncertainty, considering fuzzy logic to deal with
specifications, so we can reduce time in elicitation and
requirement analysis.

In our particular application framework, this
procedure will benefit not only the customers when they
explicitly state their preferences, but also the complete
process, as far as it makes easier the design of the
required real estate valuation software. Our tool will
represent a decision aid system for both parts: client and
realtor. A real estate valuation is a critical issue in many
countries and fuzzy logic can help to get an agreement
between buyers and realtors in an easier, faster and
friendly way.

The paper is organized as follows: in section 2, fuzzy
requirements are defined and described. Section 3
presents the main parameters to be taken into account in
real estate market. Section 4 shows how the fuzzy logic
tool XFuzzy can be applied to solve this problem and the
decision making procedure (showing the Spanish version
of our software, the way it was presented to users). The
paper ends with some final comments.

2. Dealing with fuzzy requirements

In this section, the design of a model that deals with
uncertain specifications is presented. It is expressed in
terms taken from the natural language of experts, both for
the definition of the system and for the requirement
elicitation. The methodology we propose is based on
fuzzy logic. The inputs are colloquial explanations that
are modeled by means of fuzzy sets. The fuzzy inference
engine is applied so the fuzzy requirements produce clear
information about the implementation of the preferences
of the customers. This helps them to make a decision®.

2.1. Fuzzy requirements

The requirements, according to the Institute of Electrical
and Electronic Engineers (1994), are:

e a condition or capability needed by a user to solve a
problem or to obtain an objective,

e acondition or capability that must be fulfilled or that
a system must have, or specifications or other kind of
documents imposed formally,

e a documented representation of a condition or
capability like the previous ones.

Good requirements must be necessary, concise,
avoid ambiguities, consistent, complete, attainable,
verifiable and clear (see, e.g., Pfleeger®, Pressman®,
Sommerville®). In order to get a formal specification of
these requirements and their related functions and
variables, some authors have introduced the fuzzy logic
approach in formal specification methods’. For
example, in Matthews et al.® the authors introduce
language Z, a formal specification language widely
used in crisp and more recently in fuzzy specification of
requirements.

A Fuzzy Requirement will be then any condition or
capability that is needed in a system to solve a problem
or to reach an objective, which satisfies vague
characteristics. These fuzzy requirements are based on
fuzzy predicates, which are qualified linguistic terms
that describe aspects of the requirements.

In Table 1, some examples of fuzzy requirements
(related to the application that is presented in Section 3)
and the possible corresponding fuzzy predicates are
given. These terms will be represented by fuzzy sets
that do not have precise borders and their characteristic
function indicates a degree of fulfillment of that
attribute®. In the first row we can identify two terms that
can be assigned to fuzzy predicates. The first one,
‘Grade’, can simply be scaled between 0 and 1, or can
be a predicate like good, acceptable, bad, etc. The
second term contains predicates like north, south,
northeast, etc. In the second row, the ‘Space’ can
contain predicates like big, very big, small, etc.

Table 1: Fuzzy Requirements Examples

Fuzzy
Requirement

Terms with possible
Fuzzy Predicates

Natural light in an Grade (fuzzy)
apartment Orientation (linguistic)
Space Grade (fuzzy)
Number of rooms (crisp)
Dimension of the rooms (fuzzy)
Garage Is there? (Boolean)

Size (fuzzy)

Usually, when customers who are thinking of
buying an apartment are asked about the space or the
luminosity of their future home, they do not know how
to express their desires but in vague terms like ‘medium
room’, or ‘oriented to the Sun during the morning’, for
example. There are other requirements that are given by
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crisp or Boolean values and are easier to be described
(they take values such as the number of rooms, garage,
etc.)

In order to recognize a requirement that can be
classified as fuzzy, we must consider the nature of the
information that it handles. If the requirement depends on
concise information to be validated, or it is a function that
includes crisp values, is not a good candidate. On the
other hand, requirements that show in their description
some terms that could be assigned to vague
characteristics, or features that can be graded, are good
candidates to be fuzzy requirements.

2.2. Fuzzy requirements in software development
process

As pointed out in Lépez et al.'®, projects in software
engineering in general require a lot of specifications,
given in terms of documents, tables, data-flow models,
and so on. The importance of defining specifications in a
software development is well established. The
introduction of fuzzy techniques may help to improve this
stage into the software process and it is a must whenever
software process deals with some kind of uncertainty.

The cycle life of a fuzzy requirement is the same of a
standard specification. The difference is that the design
engineer must identify the fuzzy predicates that define the
terms of the requirement, and must be able to express the
possible values for these predicates in fuzzy terms. It is at
this stage of the software development process when the
main benefits of the fuzzy methodology are obtained. A
software engineer does not have to waste so much time
with the customers. He or she just needs to write down
the variables that represent the preferences of the client,
and ask the user about a possible value for each
specification. For example, the client may like a very
luminous house. That is, first the process engineer has to
identify the fuzzy requirements and then the fuzzy
predicates related to that attribute given by the client.
Usually, the customer does not express all the range of
possible fuzzy specifications but only the positive ones.
Sometimes it may be useful to ask the client for the
requirements that he would not like at all for some of the
characteristics (for example, a dark apartment or a cold
one).

Fuzzy Specification Estate Market

A fuzzy requirement is then described using less
time than a crisp one, so later stages of the software
development process can be reached faster, as soon as
the engineer is not forced to establish crisp limits when
implementing fuzzy requirements. Since a fuzzy
requirement has more flexibility, there will be more
possibilities to fulfill the specification of the client. In
this way, software engineers only need to define a small
family of predicates to describe the possible values of a
linguistic variable. A fuzzy requirement will then allow
us to focus specifically on the business, and not on
numbers that may make difficult the task of
requirements specification'?.

Once the fuzzy requirement has been elucidated, the
software engineer must develop an analysis to verify its
fuzziness and its correctness. If it is necessary, a
requirement will be clarified following the traditional
life cycle of the crisp requirements. Generally, the tasks
of requirements elicitation and analysis are independent
and they are even carried out by different people. But
many projects integrate these stages so that verification
can be suppressed. Once the requirement has been
completely analyzed, validated, renegotiated with the
client in order to get the final approval, and
documented, we can then decide about the way these
fuzzy requirements can be implemented (see figure 1).

If some of the functional specifications have been
clearly identified as fuzzy predicates, the possibility of
using a fuzzy engine or a business rules management
system can be evaluated. At this point, it is necessary to
make the last verification about the fuzziness of the
information we are dealing with, and it may also be
necessary to clarify some requirements. Finally, at the
implementation phase and when the design of the
requirements suggests a solution based on fuzzy logic,
these requirements will be implemented using a Fuzzy
Inference Engine. Fuzzy Inference Engines are
mathematical tools that are oriented to implement fuzzy
rules. They are well known in fields such as electronic
and control, but less known in commercial areas. They
can be implemented by standard tools (Matlab©) or by
free software packages like XFuzzy™.
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Fig. 1: Methods for fuzzy requirements implementation

On the other hand, a Business Rules Management
System is a powerful, robust and expensive software,
where the functionalities are modeled by rules in a natural
language, using terms of business but limited to specific
amounts, which can be modified at any time, even in the
production stages. They are known as complementary
tools for Business Intelligence, Business Processes
Management Systems and Integrators®.

The selection of one of these inference engines
depends on the architecture of the application and on the
possibility of handling the fuzzy predicates. If the fuzzy
inference engine is going to be used, it will be necessary
to limit the predicates at the design stage in order to
guarantee the coherence of terms and modifiers. It is
necessary to identify and set the limit values of the
predicates, that is, the universe of discourse of every
fuzzy set. On the contrary, if the Business Rules
Management System is chosen, the identification of these
values can wait until the production stage (with these
tools the limits can be included at any time of the
process).

2.3. Benefits of Using Fuzzy Requirements

According to Noppen et al.*, one of the main problems in
software design is that, in order to model the
requirements, it is necessary to have a set of clear
requirements, without ambiguities. But quite often, real
requirements contain conflicts, are vague in their nature
and change with time. Many projects fail because the set
of requirements presents this kind of problems and
conflicts but they have not been accordingly handled.

The wuse of fuzzy logic to represent the
specifications has some advantages that can be
summarized as:

e Time saving in the elicitation of requirements,
meaning less time in the negotiation and a faster
implementation of the system, and allowing
therefore an earlier validation,

e The clarification is postponed until later stages,
only when it is strictly necessary,

e From a business point of view, the information is
clearer as it is closer to the software engineering
language, in such a way that the analysts do not
need to consult the customers so often.

e From a client point of view, the customers do not
have to make such an effort in order to define
accurately the characteristics they are looking for.
Each client can express them in vague and
ambiguous terms

In the next section, we shall use a Fuzzy Inference
Engine to address the estimation of fuzzy preferences of
customers in a real estate valuation.

3. Valuation and decision making in the real
estate market

Real estate valuations have been a critical issue in many
countries. Investors, families and realtors have made a
lot of formal and informal valuations. The final price of
an estate depends on different factors and sometimes
the same product is sold with a very different price. If
the markets are running well and banks loan money
without problems, investors feel confident about real
estate market and buy without paying too much
attention to valuations. But the present crisis of real
estate market is a fact difficult to analyze. As it happens
with other products, sales are influenced by many
factors of difficult control by governments. The factors
that move the global economy into crisis are sometimes
more related to investors than to family behavior. But
lately, many people in several countries have invested
their money in real estate. Then, if prices are high,
mortgages get more expensive and banks get into
liquidity problems. As a consequence, families see
restricted the amount for their loans. It may be even the
case that professional investors lost interest in real
estate as an investment product.

Anyway, buyers and renters make their decisions
according to a set of preferences, based upon an
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analysis that in some way pursues to determine which real
estate better fits those preferences. First of all, a general
expert (named expert 1) elaborates a real estate form for
describing every relevant characteristics of each real
estate (size, rooms, views, etc.) and a basic classification
of all potential clients (buyers and renters). Such a real
estate form covers the most frequent criteria and
characteristics relevant for client's decisions. In our case,
data are stored into a data base (Microsoft Access or
SQL), which will be ready to accept queries from the real
estate valuation tool.

We can find some software tools dedicated to analyze
the preferences of the buyer of a house. Among this type
of tools, finders and recommendation systems are the
most popular. These tools perform selective searches in
their data bases. The results of the search usually show
pictures and videos that allow the buyer to throw a look to
the product before visiting it or deciding their purchase.
The main problem is to carry out a suitable and
customized selection for each client. Very often, the
supply is so extensive that the client finds difficulties to
make a decision, which turns the system inefficient.

On the other hand, the prices are fixed beforehand
independently of the interest of the buyer, even
overvaluing the product. This paper will also show that
the sale price can be adapted to each client “a priori”,
according to her or his personal characteristics.

There is usually a great difference between the sale
price of a house and its legal valuation. For example in
Spain, the Sociedad de Tasacion’® makes a valuation
based on about 15 properties in the same area that have
been valued in the last 6 months. The information about
the property to be valuated is very simple: area in the city,
type (detached or terraced house), squared meters, age,
condition (unimproved, partial improvement, total
rehabilitation), quality in comparison with surroundings
(luxury, high, medium, and low) and other features (pool,
garage, top floor, interior flat, lumber room). Therefore
the resulting value is only for guidance and of course, it
has no legal validity although the result is used as
mortgage value. For this reason, the mortgage value
agrees with the value of appraisal. Nevertheless, experts
and realtors affirm that the value of appraisal does not
agree with the value of sale of a real estate property. They
say people do not mind about the value of appraisal of
their estate purchases. They only need this data to get a
mortgage. In fact, value of appraisal is usually very
different to the sale price.

Fuzzy Specification Estate Market

At this point, some questions arise: how is the value
of appraisal calculated? And, why is it not important for
the customer? According to the information that an
expert in the real estate sector has provided us, the
initial price usually pays attention to the proprietor and
to the rise. The sale price is different because usually
there is a negotiation between the client and the
salesman and it is only the reference value at which the
process starts.

Starting off from the idea of the appraisal value, we
propose to elaborate a new value (as initial price) that
takes into account a calculation including fuzzy logic to
obtain a better approach to the real value of sale. The
idea is simple:

NewGlobal = max NewValue,

i=1..

M)
NewValue; =ValueofAppraisal * (a + CF;) @)

where CF; is the correction factor calculated by the
software tool proposed in Lopez et al.'®. The value of
this factor is within the interval [0,1] and represents the
preferential value of a specific class about a real estate
property. The value a.e[0,1] is fixed by an expert in
markets (nowadays in Madrid, Spain, we have
considered a=0).

In order to clarify both formulas above, let us
present an example. Let Value of Appraisal = 300,000
€, a=0, and CF;=0.95. First two values are given by the
help of expert 1, who knows the estate and the actual
market situation well. The value =0 means that the
estate market tends to low prices. On the other hand,
CF; is the value that our software tool gives as a
perception between the profile ‘i’ (specific class of the
population) and the estate property. This value is
obtained by using the help of an expert 2 in defining
and classifying population into 5 clusters (see section
4). CF;=0.95 means the profile ‘i’ have a good value of
the property, i.e., it fits very well with the personal
preferences of the client. Hence,

NewValue;= 300,000 € * 0.95=285,000 €

3.1. A fuzzy decision problem

Being the main goal of our application the estimation of
the valuation of a real estate, we must acknowledge that
this problem is highly dependent on the perception that
the buyer or the renter has about the real estate under
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consideration. It is therefore necessary to obtain all data
of interest, determine the preferences of the customer, and
develop a fuzzy system for evaluating the estate regarding
to these preferences.

First of all, it is necessary to classify the customers.
Classification of potential clients implies a cluster
matching with a description of the ideal real estate for
such a type of client. According to the general expert 2,
we should be considering five basic clusters:

@1 young couple;

@, 2-3 children family;
@3 single male;

@4 single female;

@s investors

Since investment is very sensible to many factors, in
this paper we limit the analysis to the other four first
clusters. All experts we have contacted agree with this
classification and they accept that they would be able to
classify most clients into one of these groups. When
someone does not belong to any of these groups, we
refuse the client as a non-typical one.

Descriptions of the clusters are done by means of
fuzzy first order logic.

3.2. Fuzzy preferences

On the other hand, characteristics (fuzzy and crisp) are
going to be classified into two different groups according
to the profile of the client: primary and secondary
features. Primary characteristics are defined as a
proposition in natural language and they are associated to
each client profile, for example:

¢1: 2 bedrooms, downtown, garage and middle price

@,: at least 3 bedrooms, garage, garden and pool, good
light, in the suburbs area.

¢3: small apartment (1 bedroom), garage, downtown,
middle price

¢4 2 bedrooms, good light, elevator, garage if possible,
below middle price.

As any other decision making problem, not all
characteristics or properties about a real estate are
relevant in a first approach. In this paper, we consider a
set of 20 basic characteristics that we first divide into two,
depending on their crisp or fuzzy nature. The subset of
crisp characteristics contains numerical description like

the number of rooms, pool, garage, and so on. Fuzzy
characteristics are qualitative and not easily associated
to an integer number (nice views, good light, comfort,
and so on).

Our general expert defines not only both subsets of
characteristics but also the form in which all this data
will be taken. For example, about lift, it is enough to
assign 'yes' or 1 if it exists or 'no' or 0 otherwise.
However, a fuzzy characteristic like ‘luminosity’ must
be valuated by an expert (someone who has a good
knowledge about the flat or apartment).

The value assigned to a fuzzy characteristic has to
be chosen between 0 (the worst) and 10 (the best). Later
on a fuzzy set will also be used to define this type of
characteristics. Of course these data can be given by a
unique expert, but in this particular work, data were
given by two different experts due to their different
goals: Expert 1 helps to formalize characteristics and
estimated values in relation to the estate property within
the market. Expert 2 helps to classify the population
according to their preferences and necessities.

Once the potential buyers have been classified (by
expert 2), the next step is then to describe the data
according to the corresponding types. As it is said
before we have considered two types of data: singletons
(crisp data, including Boolean) and fuzzy data.

For example, Figure 2 shows the crisp variable,
‘type of house’. The four possible crisp values for this
variable are: ‘flat’, ‘detached’, ‘semidetached’ and
‘terrace’. Fuzzy data are represented by means of fuzzy
sets as linguistic variables. They correspond to the
Mamdani singleton centered in 1, 2, 3 and 4
respectively, where 1 corresponds to ‘min’ in figure 2
and 4 to ‘max’.

B xfedit X
Type Edmion

ok i Apphy Recload | Cancel

Fig. 2: Variable ‘type of house
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Table 2: Set of preferences

ol 02 03 o4
Characteristic P S T P S T P S T P S T
1 Type of house 2 1 2 2 2 2 2 0 2 2 2 2
2 Light 0 1 2 2 2 2 0 2 2 2 2 2
3 House face 0 0 0 0 2 0 0 2 0 0 2 0
4 Representative 0 0 2 2 2 2 0 2 2 2 1 2
5 Doorway 0 1 2 2 2 2 0 1 2 0 2 2
6 Facade 0 1 2 2 2 2 0 1 2 0 2 2
7 Views 0 2 2 1 2 2 0 2 2 2 2 2
8 Number of rooms 0 0 1 2 2 1 0 1 1 2 2 1
9 Number of bathrooms 0 1 2 2 2 2 0 0 2 0 2 2
10 Age 0 0 2 1 2 2 0 2 2 0 2 2
11 Floor 0 1 2 0 2 2 0 2 2 0 2 2
12 Elevator 0 1 2 1 2 2 1 2 2 1 2 2
13 0 1 2 1 1 2 0 1 2 0 2 2
Young couple 2-3 children family Single male Single female
A7Y *, ¥y %,
qwy () W @ S . o wee®
® M OH® @ o 5 (+)
@ @ W : @ : ) ®
() @ & B ©) o “ ) (e &) ()
Tt 0 b RN R (Slua
G (12 (13) Uy ny fix) G3) (i (W
(e (e 0D () )

Fig. 3: Preference diagrams

The profile of a class (population sector) is described as
the conjunction of their preferences about data. Also the
valuation resulting is defined as a fuzzy data and then it
is described by a granulation. The set of preferences is
evaluated as specification of requirements.

The set of preferences defined by the customers can
be seen in Table 2. These are the primary (P) and
secondary (S) characteristics that each class of client
(i) would like to find. A tri-valued logic was applied as
they had to choose between 0-2 to give a mark to each
feature. The column T means the evaluation of the
assessor.

The expert 2 describes the characteristics in another
way: by diagrams. Expert 2 knows by experience what a
potential client would agree and they will get them into

it. Preferences diagrams are used to determine the
degree each client assigns to each characteristic. These
diagrams are developed by the expert 2 according to the
environment and each client profile, reminding Hasse
diagrams as a pre-order relation between criteria. Each
client profile is characterized by a diagram by means of
an easy and intuitive information model close to natural
language without losing too much information (Figure
3).

Finally, it must be pointed out that sorting
preferences is in general a difficult task, even if the
number of items is low, but it may become critical when
dealing with fuzzy criteria.
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Fig. 4: Overview of XFuzzy

4. Fuzzy implementation of the decision making
system

Evaluation of the specifications is done by means of a
functional tool for fuzzy first order logic evaluation
called XFuzzy®, created by the Spanish National Centre
of Microtechnology. It is a platform for developing
inference systems based in fuzzy logic. Xfuzzy has been
programmed in Java and has GNU license. Some of its
main characteristics are its great flexibility to extend the
set of available fuzzy functions and, because of that, the
capacity for developing complex systems. XFuzzy
allows an automatic code generation in different
programming languages (Java, C++, C), to be used in
any inference.

Evaluation of the specifications consists of several
tools that cover the different stages in the design process
of a fuzzy inference system (Figure 4).

e  The description module includes graphical tools for
the definition of the fuzzy system and the functions
library (inference base rules and membership
functions),

e The verification unit is composed by tools for
simulation, debugging and graphical visualization
of the system behaviour.

e The tuning module facilitates the application of
learning algorithms in order to improve the system.

e The synthesis unit includes tools to generate code in
high-level languages (C, C++ and Java), for
software and hardware implementations of the
designed fuzzy inference system.

The different tools of Xfuzzy can be executed
independently. The simulation environment integrates
them under a graphical interface that facilitates the
design procedure to the users. In the main screen of
Xfuzzy, these tools are divided into those modules.

Xfuzzy uses the specific language XFL (XFuzzy
Language). It is a flexible and powerful language that
allows, not only to express complex relations between
fuzzy variables, but also to use hierarchical rule bases
and connectives, linguistic modifiers, membership
functions and different methods for defuzzyfication. It
also serves as a link between all the tools.
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In this paper we have chosen a Java implementation
in order to link it with a valuation program we
developed in Java '° as a GUI for this application.

Following the above steps, we have generated a
fuzzy system that returns the valuation of a real estate
according to the client preferences. In our model, the
system uses as input data nine primary parameters that
come from the union of all primary characteristics in all
profiles: type of estate (flat, apartment, villa, etc.), area,
number of rooms, good light, lift, garage, housing
development, community features and cost (see Table
2). They are defined as linguistic variables in the fuzzy
inference system (Figure 5 left).

Then the system generates several output variables
according to the valuation of the real estate with respect
to each profile and the different specifications that
fulfils every variable (Figure 5). Variables of figure 5
will be modelled as fuzzy sets.

Notice that some variable names are given in
Spanish language because this software tool is being
tested with clients in Spain (we are showing screens the
way they are presented to users).

Output Variables
Valoracion_Tipo_inmueble
Valoracion_Luminosidad
Waloracion_Orientacion
Waloracion_Representatividad
Waloracion_Estado_del_portal
Valoracion_Fachada
Maloracion_Vistas
Valoracion_Numero_habitaciones
Valoracion_Numero_banos
Waloracion_Antiguedad
Valoracion_Altura
Valoracion_Ascensor
Maloracion_Garaje
Waloracion_Estado_general
Valoracion_Zonas_comunes
Valoracion_7ona_subzona
Waloracion_Metros_construidos
Valoracion_Metros_habitables
Valoracion_Precio_tasacion
Waloracion_Precio_salida
Valoracion_Precio_venta

Hame Faloraclclrllnrrluebl

Input Wariables
Tipo_inmueble
Luminosidad
Orientacion
Representatividad
Estado_del_portal
Fachada

Wistas
Numero_habitaciones
Numero_banos
Antiguedacd

Alura

Ascensor

Garaje
Estado_general
Zonas_comunes
Zona_subzona
Metros_construidos
Metros_habitables
Precio_tasacion
Precio_salida
Precio_wenta

Perfil

4 I I

Fig. 5: Input (left) and output (right) variables in Xfuzzy

In a first stage, Xfuzzy requires a fuzzyfication of
the input variables by defining membership functions.
Such a fuzzyfication allows a faster computation in a
fuzzy framework.

Fuzzy Specification Estate Market

A membership function is then related to an input
variable in order to point out the degree to which this
characteristic matches certain property. Next figures
show some examples of membership functions.

Figure 6 shows the variable ‘initial price’. Five
fuzzy sets: ‘cheap’, ‘less cheap’, ‘medium’, ‘expensive’,
‘very expensive’ have been assigned to this
specification. The fuzzy sets are defined by sigmoidal
membership functions.

Type Edition

\ / \),fﬂ\ / /;
/ Ilf,-’ \ / ‘\\ /
// *)\/

e

e
oy _caww

XK

Fig. 6: Variable “initial_price’ and its corresponding fuzzy sets

Figure 7 shows the variable “evaluation” taking
values between 0 and 10 (for the clients, according to
the importance they give to those characteristics). For
example, we may choose between labels like 'nothing’,
little important’, ‘'something important', ‘'important’,
'very important', in order to represent the degree of
fulfilment for each client of each variable.

& Xfedit x|

BTG Fancans
nathing

e

Sometrang

et

\enry_important

Fig. 7: Variable evaluation with values between 0 and 10

Variable ‘Price’ (Figure 8) has only three labels, one
per each profile (except the 2-3 children profile, which
does not show the characteristic “price’ as a primary
characteristic). We can see in this figure how some
fuzzy preferences are assigned for each class of
customer.
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Fig. 8: Output variable price in Xfuzzy

Figure 9 shows the membership functions for the
final output variable ‘valuation_of property’. This time
it is defined by means of five labels: 'very bad', 'bad,
'regular’, 'good' and 'very good'.
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Fig. 9: Fuzzy sets for the Valuation_of_property

The valuations are given by a value in the range of
[0,1] which can be used as a correction factor for the
price of appraisal in (2) following two different ways:

(i) As information for the salesman, classifying the
estates from largest to smallest degree

(if) As a new initial value calculated by applying the
correction factor to the value of appraisal, as it is
shown in the previous section, in (2).

As it is possible to see in this section, there are
different ways to show the fuzzy information about
either the customers or their preferences. Depending on
the variable we are relating to, different conclusions can
be obtained.

Hence, the set of fuzzy inference rules will be
defined taking into account preferences for each profile
in the following sense: let P = {C;, ..., C¢} be the set of
criteria that fits with the profile of the client. If an
apartment satisfies all criteria then this apartment must

be valuated as 'very good' for this profile. If the
apartment does not satisfy any one, then it will be ‘very
bad' valuated. If it satisfies a few criteria, then it will be
valuated as 'bad', and so on. For example, one of the
rules is:

If ‘luminosity’ is ‘very bad’ and ‘profile’ is
‘single_male’ then ‘luminosity_valuation’ is ‘bad’ as
this feature is not so important for this type of client.

All these rules are edited by the designer in XFuzzy
3.0. The rules that are related to the characteristic
‘luminosity’ for the different profiles are shown in
Figure 10. The consequence of the rules is the valuation
of this requirement for each customer profile expressed
in fuzzy terms.

The behaviour of the fuzzy inference system
depends on the mathematical operators that are selected:
the connectives of the rules, the operators which
implement the fuzzy implication and the defuzzyfication
method. Initially the product xfl.prod() has been
assigned to the operator "and". The default implication
in Xfuzzy is Larsen’s, and the defuzzyfication method is
given by the function xfl.FuzzyMean().

The last part consists of the implementation of the
application core, the graphic interface, and the
connections between the application, the inference
engine and the database. The graphic interface is
appointed to interact with the user, and it allows the
access to the information stored in the database
connected to the system.

The system has a database of buildings (MS Access)
and every line fulfils the conjunction of requirements
for each profile, with an appraisal according to a degree
given by a value belonging to the interval [0,1]. All data
about real estate properties are stored also in this
database and the system uses it to be able to manage the
information required from it.

Database normalization technique is used to avoid
duplication of information. A Third Normal Form (3NF)
of degree of strictness has been applied in the design.
Each flat or apartment consists of up to 31 fields: 5 are
of text type, 13 are numerical, 7 Boolean and 3
monetary ones.

The fuzzy inference engine is used to produce the
results. The application has been developed using
Eclipse (platform for software development primarily
written in Java) and JDK 1.6. All fuzzy matrix labels are
pre-developed in Java with Xfuzzy, latterly adapted and
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adjusted to the system architecture and specific
requirements.

We have also developed a graphic user interface
(GUI) for this application that is oriented to interact
with the customer. It allows the user to enter the
required input data and transmits it to the Valuation of
the States module.

When all the calculations have finished, the fuzzy
valuation tool gives the results by applying the inference
rules with the fuzzy specification of the profiles,
therefore obtaining a fuzzy valuation as a result (see
Figure 11).

Once the system is defined, it is necessary to export
it to a programming language for its simulation. Using
the Synthesis tool, the system is exported to Java (BEA
System) generating four classes:

e FuzzylnferenceEngine.java: it is the file that
describes the inference method applied by the fuzzy
system.

The application provides a graphic
appointed to interact with the user.

Once the information stored in the database
connected to the system is accessed, a fuzzy
inference engine is used to show an approximated
calculation of the valuation of the estates for the
selected profile.

e MembershipFunction.java: it is the file that
contains the description of the interface to describe
a fuzzy number.

It only admits a method called ‘compute’ that
calculates the membership degree of each value of
the input variables.

e FuzzySingleton.java: this file is a class that
implements the MembershipFunction interface, and
it represents a crisp value as a fuzzy number
(fuzzyfication).

e EstateValuation.java: it is the file that contains the
class that describes the complete fuzzy system. This
class is a particular implementation of the
FuzzylInferenceEngine interface.

Therefore, the public methods that implement the
inference in this system are crispinference and
Fuzzylnference.

interface

It is possible to simulate the system using the
exported Java classes. The BEA Weblogic server and its
IDE BEA Workshop will be used to implement a
pageFlow (Servlet for the BEA technology), that
performs the simulation. However, as the fuzzy

Fuzzy Specification Estate Market

inference system is exported as a Java class, it can be
simulated with any other visualization method: Servlets,
Swing, AWT, Midlets, etc.

When having installed the server BEA Weblogic
8.1, it is necessary to create a domain to lodge the
project that is going to be created. Using the default
functions of the Configuration Wizard of BEA, a simple
domain with all the necessary characteristics can be
generated to execute the example.

The project must be created at this instance of the
server as a Web Application, where the pageFlow and
the visualization page are in a Web Project, and a
Control Project has to be added with the classes
generated by Xfuzzy. Finally, the Control Project must
be compiled and then it runs on the server.

5. Final Comments and Future Work

The main original contribution of this work is to offer a
first approach to handle requirements with fuzzy
information. The use of fuzzy logic helps to shorten
time during the different steps in a software engineering
process, especially in the elicitation of knowledge
phase, reducing in this way some critical phases of the
processes that involve the client, mainly requirements
statement.

Our proposal has been applied to real state
valuation. The development of this applications shows
the different phases of implementation of this proposed
methodology that allows the clients and the buyers to
make a decision about the right price of a house and the
right selection according to some fuzzy preferences.
This implementation allows a first analysis of practical
advantages.

The procedure here proposed benefits not only the
customers when they explicitly state their preferences,
but also the process engineer, making the software
design task easier.

Furthermore, the same technique can be applied to
similar situations. For example, in Augusto et al.'” the
management of uncertainty in Smart Home by
monitoring the human behaviour and sensor signals is
presented.

A fuzzy specification of human behaviours and its
application to the management of Smart Home and
other environments is proposed as future work.
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Fig. 10: Fuzzy inference rules in Xfuzzy
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Fig. 11: Fuzzy Application for Estate Valuation
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