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Abstract— In Turkey, real estate sector is a major financial 

sector and there is no clear method that determines the real 

estate prices in this sector. This uncertainty in the sector can 

be modelled by fuzzy control system which is discussed here. 

In this study, observations that includes randomly selected 

real estate prices and properties of counties of Balçova, Buca, 

Bornova, Karşıyaka and Konak in İzmir are taken into 

account. Real estate prices are modeled by evaluating 15 

variables of county, district, age of building, number of rooms 

etc. in fuzzy modelling system. Absent data are filled using 

decision trees and traditional methods and data is made 

suitable for modelling. In order to create a rule base, C4.5 and 

A-Priori algorithms are applied to the data. 15 variables are 

evaluated in Mamdani fuzzy modelling system and real estate 

prices variable is obtained. 
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I. INTRODUCTION 

Identification of residential property values is an important 

area of study that’s still seeking new approaches today. A 

number of methods have been used in the field, and since 

valuation is done based on the locational features and market 

conditions there may be huge differences, and it also depends 

on the human decision. In real life conditions human 

decisions may be bleak and/or fuzzy, or when the complexity 

of systems under our scope increases, or when the data is 

insufficient fuzziness will increase as well. In such a case, it 

may be more realistic to use verbal variations instead of 

modelling bleak human decisions with certain numerical 

values. What puts fuzzy logic apart from other systems is that 

it allows the use of verbal variations, among other things. 

Fuzzy logic is a system of logic that makes use of a language 

based on people in order to illustrate the input-output 

relations in a system, and it also encompasses human train of 

thought that utilizes uncertain statements more often than not 

[5]. In probing solutions in such systems, by utilizing fuzzy 

logic rules, we are heading in a direction where it will be 

possible to make significant and useful solution inferences 

from fuzzy input and output data [2]. The fuzzy logic 

methodology, which is also called artificial intelligence 

technique, has many an application example in fields such as 

machine systems, medicine, and economy, among other 

fields. The most prominent benefit of this system is the fact 

that it enables modelling of learning exclusive to the 

individual, and that it also makes it possible for the bleakest 

of concepts to be expressed mathematically [1]. 

 When we review the literature, we see that there are 

numerous different studies on the subject of evaluation of 

residential properties. It was observed that in valuation of 

residential properties, fuzzy logic and Artificial Neural 

Networks (ANN) are the preferred methods. For example, in 

the study carried out by [6] two models were proposed for the 

valuation analysis of real estate sales in the city of Fort 

Collins, Colorado. Again, [11] performed a methodology 

comparison by utilizing fuzzy neural network for the 

valuation of residential properties. [10] Used fuzzy logic in 

the valuation of residential property in their study. [12] 

Calculated the land valuation of cities using regression model 

and ANN. [13], [14], [15] proposed the use of fuzzy logic as 

well. [7] Touched upon the recent problems in city 

management and locational decision making by utilizing 

fuzzy cluster theory. [8] Is another study that paid special 

attention to verbal variations in the valuation of residential 

property, and where fuzzy model valuation was handled 

subjectively? There are numerous studies that utilizes ANN 

in valuation of residential property, and compares different 

methodologies [5][10]. [19] Uses Konya sample to create a 

fuzzy structure based on the Mamdani system. In this study, 

after a brief touch on the methodologies to be used in 

application, namely C4.5, A-priori, Mamdani fuzzy inference 

system, we went forward with the application. In the 

application of this method, in Balçova, Buca, Bornova, 

Karşıyaka, Konak towns of the province of Izmir proper, 200 

randomly chosen observations consisting of residential 

property prices and features, and using 15 variations 

including town, district, age of building, number of rooms, 

etc., a model was created for the valuation of residential 

properties in which everything was evaluated using the fuzzy 

modelling system. In places where data was lacking, decision 

trees and traditional methods filled in their places and it was 

made ready for the modelling. To establish the rule base, C4.5 

and A-Priori algorithms were applied to the data. And lastly, 

by evaluating 15 variations in Mamdani fuzzy modelling 

system, the residential property price variation was obtained. 

II. METHODS 

A. Decision Trees & the C4.5 Algorithm 

Being a classification method, decision tree is a method 

expressed via a series of rule sets that reach a value or class. 

Decision nodes, branches, and leaves are the 3 components of 

decision tree. 

 Decision trees grow gradually in every division. The 

point is to increase the distance between the groups to the 

maximum. The data has to be separated into different groups 

as much as possible, and thus refine the groups. In order for 

the decision tree algorithm to be applied the following 

conditions must be met: 

 For the algorithm to be applied, a training data set that 

includes response variable values must be provided. 

 This training data set must be rich and diverse. In case of 

systematically incomplete registries in the data set, 

classification cannot be applied. 

 The response variables must be discrete. 

 Once the decision to divide has been made, one may 

not return to that node. Every division is consecutive. Thus, 

every division is dependent on the previous separation. The 
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change in the very first division changes the result, which is 

a huge disadvantage. When the output variable is categoric, 

or when there are too many classes in a numerical data set, or 

when division is dependent on only one variable it poses as a 

disadvantage. Ease of use and comprehensibility, and the 

ability to be used in different types of data (discrete, 

continuous) are the biggest advantages. And C4.5 algorithm 

is one of the methods where it’s possible to measure the purity 

of leaf nodes. 

 In C4.5 algorithm, each decision node is visited in a 

recursive manner, and separation goes on until it’s no longer 

possible to separate, optimally. In C4.5 algorithm, there may 

be more than two branches in decision nodes and for each of 

the categorical variable levels are separated via a branch. 

C4.5 algorithm is not paired. More than 2 branches may 

branch out from a decision node. For all levels of categorical 

variables, C4.5 separates with a branch. This results in the 

ramification of the tree, and creation of low frequency values. 

B. Association Rule & A-Priori Algorithm 

As the amount of information in databases increased, in order 

to find out about the relationships between information, 

researchers utilized data mining techniques. Association rule 

is one of the first techniques utilized in data mining. It’s an 

approach that supports future studies by analyzing the past 

data and designation of association behaviors in the data. 

 In association rule mining, associations that often 

come up together are made so that they are laid out in 𝑋 → 𝑌 

format. This means that in cases where X comes up most 

probably Y will also come up. What is placed on the left side 

of this expression is called antecedent, while on the right side 

descendent takes place. If the expression on the left is true, so 

should be the descendent right side [18]. The level of 

significance may be measured with two distinct measures 

[19]. These are called support and confidence. The support 

value measures what percent of the whole of the data set 

encompasses the rule. The following equation (2.1) is used in 

calculation: 

support =  n(X ∪  Y) /N.        (2.1) 

 In (2.1), the statement n(X ∪  Y) represents the 

number of calculations where X and Y are together, while N 

represents the total number of calculations. When this value 

equals 1, it means that in the reviewed data sets X and Y are 

always together, and when the value equals 0, it means that 

in none of the reviewed data sets X and Y are together. 

Confidence value represents what percent of calculations that 

include X also include Y, and it can be calculated via the 

following equation (2.2): 

confidence =  n(X ∪  Y) /n(X).    (2.2) 

 In the equation (2.2), the denominator includes the 

total number of observations that include X, which puts this 

apart from (2.1). When this value equals 1, it means that every 

calculation that includes X also includes Y, and when this 

value equals 0, it means that none of the calculations that 

include X also include Y. In order to be able to apply A-priori 

algorithm, the user defined minimum confidence and 

minimum support values must be determined beforehand. 

The rules that satisfy these minimum conditions are called 

strong rules [17]. In some sources this is also called 

interesting rules. It is possible to produce a huge number of 

rules in a medium sized data set. But it’s also a fact that if the 

rules are not applicable to whole of the data set, they are not 

worth reviewing. That’s why not every rule, but only the rules 

that satisfy certain conditions should be listed. It’s possible to 

say that minimum confidence and minimum support values 

limit the number of rules. The support and confidence values 

can reach 100% at most (or 1) and it means that it’s applicable 

for the whole of the data set. A-priori algorithm may provide 

useful information for marketing. It’s also easier to read the 

output in this case. 

C. Fuzzy Inference System & Mamdani Method 

Introduced for the first time by Zadeh, fuzzy logic concept 

may be regarded as some kind of an extension of values that 

are certain, which reflects as expression of bleak statements 

mathematically. Fuzzy systems are information-based 

systems formed by structuring “if, then” rules, and which 

provides a systematic process in transforming a non-linear 

function into a database. Fuzzy systems consist of fuzzy rule 

base, fuzzy inference motor (decision making unit), fuzzifier, 

and defuzzifier as can be seen in Fig. 1. 

 
Fig. 1: Fuzzy Logic System 

 Fuzzifier is described as a transformer that takes a 

true value and turns it into a fuzzy cluster. To this end, first 

the transformation of input variable range into an appropriate 

universal cluster, and thus transformation of input values into 

appropriate verbal values is achieved. In fuzzifying phase, 

preliminary preparations are necessary for the procession of 

external data sets through the use of the system’s inference 

mechanism, and also the information in the fuzzy rule base. 

In this respect in the fuzzifying phase various membership 

functions such as Triangle, Trapezoid, Bell Curve, Gauss, 

Sigmoidal, and also lately intuitional methods such as genetic 

algorithm, taboo search algorithm, and artificial neural 

networks are also used. 

 Fuzzy inference system is a rule-based system, 

which is based on fuzzy reasoning and fuzzy rule, and which 

consists of three conceptual components. These conceptual 

components can be listed as follows: the rule base that’s a 

sum of fuzzy IF – THEN rules, the database used in 

identification of membership values, and inference 

mechanism that serves in gathering of rules formed by 

upstream and down streams, and which also produces 

appropriate results [1][2]. The process in modelling fuzzy 

logic is as follows: identification of membership values of 

input variables in the problem, setting of rules from these 

membership values, designation of output characteristics 

from these rules, transition from output variables into 

membership functions, and lastly obtainment of single valued 

system output from these output membership functions. 
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 The procedure steps in fuzzy inference system is 

basically as follows: identification and fuzzification of 

input/output variables and membership values, setting of 

fuzzy rule bases, evaluation of implications of fuzzy rules, 

aggregation of fuzzy rules, defuzzification, and obtainment of 

system output. Fuzzy inference system is successfully applied 

in many fields, which include but is not limited to data 

analysis, decision making, control and decision-making 

systems. 

 One of the most commonly used fuzzy inference 

systems is called Mamdani inference system. Mamdani 

method was first put forward by [3], which is based upon the 

fuzzy logic principals introduced by [1],[4]. This inference 

system, which was introduced by Mamdani basically includes 

the following steps: Fuzzification; being the first step of fuzzy 

modelling, it is described as transformation of crisp values 

into fuzzy values. Input/output variables and structures form 

the basis of fuzzy logic inference system, because the 

preferred input structure affects the fuzzy rules, weights, 

model structure, and model results. Input and output variables 

are fuzzified between 0 and 1 in order to identify the 

membership values within the fuzzy cluster. To this end, 

distinct from the classic cluster theory, in fuzzy logic 

inference system membership functions are designated and 

the level of each variable is identified. 

 Rule base is one of the steps in the process where the 

relations between fuzzy input/outputs are identified with the 

help of fuzzy operators. In modelling with fuzzy logic, the 

second step consists of setting of the rules, and it also includes 

conceptual terminology in relation with membership 

functions of input and output variables. These conceptual 

terms are associated with the placement of IF – THEN rules. 

If the input variables are made up of more than one part in 

these rules, they are associated with each other with the help 

of fuzzy process operators. The fuzzy logic operators “AND” 

and “OR” are used in modelling, and they are applied as 

“minimization” and “maximization” respectively. 

 Evaluation of rules (implication) is the step where 

reasoning and inference processes take place to obtain the 

result value with the help of rules created based on given 

input and output parameters. These rules evaluate 

membership functions using a step known as implication. 

There are two kinds of implication methods as minimization 

function and product function. 

 Aggregation of rules, inference clusters are 

combined as a single cluster using a process known as 

aggregation. If implication clusters are put together, this is 

called summation function. If after implication process, each 

output is like combination of maximum values obtained from 

membership function, then this is called maximum 

aggregation function. 

 Defuzzification is the last step to modelling wit 

fuzzy logic and is needed to transform fuzzy results, which is 

obtained after implication, into real-absolute values. For this 

to happen, fuzzy results undergo a process named 

defuzzification and transformed into absolute values. In 

literature, several defuzzification methods are suggested. 

Center of gravity method is one of the most used 

defuzzification method. This method is expressed as the 

combination of centers of fuzzy output terms and 

membership degrees in centers. Middle of maximum method, 

also known as “height” method, calculates absolute output 

value by calculating the center of fuzzy outputs that has the 

maximum membership values. Weighted fuzzy mean method 

finds a weighted mean by multiplying each membership 

function of fuzzy clusters, which create the output, by their 

membership values. This method is valid only for symmetric 

membership functions. 

III. APPLICATION 

In the application, observations belonging to 15 variables that 

include 200 real estate prices and properties for each counties 

of Balçova, Buca, Bornova, Karşıyaka and Konak in İzmir 

are taken into account. Variables belonging to real estate 

properties are given below. 

 County 

 District 

 Age of building 

 Number of floor 

 Floor 

 Number of rooms 

 House width 

 Price 

 Type of heating 

 Garden 

 Parking lot 

 Distance to public transportation 

 Distance to highway 

 Type of real estate 

 Supervision status 

A. Descriptive Statistics of the Data 

In order to have a general idea about the data, descriptive 

statistics are obtained on the basis of counties in the first 

stage. 

 It can be said that 78.43% of houses examined in 

Balçova are in accordance with earthquake regulations. Ages 

of the houses range between 0 and 30 and have the mean of 

4.85. This highly means that ages of the buildings belong to 

young cluster. Houses are 138.51 m2 on average and have 

normal width based on this. The smallest house is 60 m2 and 

the biggest one is 750m2. Prices of houses range between 

50.000TL and 775.000TL and have the mean of 190.630TL. 

In Balçova, 53.26% of houses are close, 34.24% are very 

close to public transportation and 12.50% of houses are away 

from public transportation. It can be said that the most widely 

used type of heating are central heating and natural gas. 

 It can be said that 57% of the houses examined in 

Bornova are in accordance with earthquake regulations. Ages 

of examined houses range between 0 and 25 years and have 

the mean of 10.435. This shows that houses in Bornova are 

old. When we examine widths of houses, it is seen that the 

smallest house is 50m2 and the biggest house is 190m2 and 

the mean of widths is 118.19m2. Based on this, it can be said 

that houses have normal widths. Prices of examined houses 

range between 50.000TL and 280.000TL and have the mean 

of 123.310TL. In Bornova, 88% of houses are close, 7.5% are 

very close to public transportation and 4.5% of houses are 

away from public transportation. According to this, houses 

examined in Bornova do not cause transportation problems 
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very much. Also, it can be said that 17% of houses use natural 

gas, 18% use heater, 17% use air conditioner, 11% use central 

heating and 37% use stoves. 

 It can be said that 60.66% of the houses examined in 

Buca are in accordance with earthquake regulations. Ages of 

examined houses range between 0 and 38 years and have the 

mean of 7.776. This highly means that ages of the buildings 

examined in Buca belong to young cluster. The smallest 

house is 40m2 and the biggest house is 158m2 and the mean 

of widths is 102.79m2. According to this, houses are closer 

to the young cluster in terms of width. Prices of examined 

houses range between 45.000TL and 125.000TL and have the 

mean of 77.180TL. In Buca, 59% of houses are close, 40% 

are very close to public transportation and 1% of houses are 

away from public transportation. Most of the houses use stove 

and a certain proportion use air conditioner. 

 It can be said that 72.5% of the houses examined in 

Karşıyaka are in accordance with earthquake regulations. 

Ages of examined houses range between 0 and 30 years and 

have the mean of 7.315. This highly means that ages of the 

buildings examined in Karşıyaka belong to young cluster. 

The smallest house is 80m2 and the biggest house is 240m2 

and the mean of widths is 138.51m2. According to this, 

houses are closer to the young cluster in terms of width. Prices 

of examined houses range between 60.000TL and 650.000TL 

and have the mean of 217.340. In Karşıyaka, 69.5% of houses 

are close, 27.5% are very close to public transportation and 

3.5% of houses are away from public transportation. Most of 

the houses use stove and a certain proportion uses air 

conditioner. It can be said that 20% of houses use natural gas, 

25% use heater, 28.5% use central heating and 37% use 

stoves. 

 It can be said that 85.28% of the houses examined in 

Konak are in accordance with earthquake regulations. Ages 

of examined houses range between 0 and 33 years and have 

the mean of 4.553. This highly means that ages of the 

buildings examined in Konak belong to young cluster. The 

smallest house is 50m2 and the biggest house is 350m2 and 

the mean of widths is 138.51m2. According to this, houses 

are closer to the very young cluster in terms of width. Prices 

of examined houses range between 42.000TL and 750.000TL 

and have the mean of 151.595. In Konak, types of heating are 

usually stove, central heating and heaters. 

B. Creating Membership Function of Variables 

Fuzzy subsets are determined in accordance with numerical 

variables in the data and membership functions are created as 

below. 

 
Fig. 2: Blurring Age Variable 

μAge(Zero) = {
0 0 ≤ x

1 − x 0 ≤ x ≤ 1
 

μAge(Very_Young) = {

x

3
0 ≤ x ≤ 3

5 − x

2
3 ≤ x ≤ 5

 

μAge(Young) = {

x − 2

3
2 ≤ x ≤ 5

8 − x

3
5 ≤ x ≤ 8

 

μAge(Old) = {

x − 5

5
5 ≤ x ≤ 10

15 − x

5
10 ≤ x ≤ 15

 

μAge(VeryOld) = {
x − 10

5
10 ≤ x ≤ 15

1 x ≥ 15

 

 
Fig. 3: Blurring Floor Variable 

μNumberofFloors(Few_Floors) = {
1 0 ≤ x ≤ 3

5 − x

2
3 ≤ x ≤ 5

 

μNumberofFloors(Normal) = {

x − 3

2
3 ≤ x ≤ 5

8 − x

3
5 ≤ x ≤ 8

 

μNumberofFloors(Many_Floors) = {

x − 5

3
5 ≤ x ≤ 8

15 − x

7
8 ≤ x ≤ 15

 

μNumberofFloors(Skyscraper) = {
x − 10

5
10 ≤ x ≤ 15

1 x ≥ 15

 

 
Fig. 4: Blurring M2 Variable 

μM2(Small) = {
1 x ≤ 70

100 − x

30
70 ≤ x ≤ 100

 

μM2(Normal) = {

x − 70

40
70 ≤ x ≤ 110

150 − x

40
110 ≤ x ≤ 150
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μM2(Wide) = {

x − 110

70
110 ≤ x ≤ 180

x − 180

70
180 ≤ x ≤ 250

 

μM2(VeryWide) = {
x − 200

50
200 ≤ x ≤ 250

1 x ≥ 250

 

 
Fig. 5: Blurring Price Variable 

μPRICE(Cheap) = {
1 0 ≤ x ≤ 40000

x − 40000

100000
40000 ≤ x ≤ 10000

 

μPRICE(Normal)

= {

x − 50000

100000
50000 ≤ x ≤ 100000

250000 − x

100000
150000 ≤ x ≤ 250000

 

μPRICE(Expensive)

= {

x − 200000

150000
200000 ≤ x ≤ 350000

500000 − x

150000
350000 ≤ x ≤ 500000

 

μPRICE(Very_Expensive)

= {
x − 400000

200000
400000 ≤ x ≤ 600000

1 x ≥ 600000
 

C. Verbalization of Numerical Variables 

In order to make the data, which is going to be added to rule 

base, more consistent and whole, membership degrees of 

empty data are calculated in Excel and the data are blurred by 

assigning these membership degrees to the class of the 

interval which they are nearest to. This process is applied for 

the age, number of floors, width and price of houses. 

D. Filling the Data using SPSS Clementine 

Firstly, the data are divided into two as complete data and 

missing data. 704 full data and 296 missing data are found. 

The model is formed by using C4.5 algorithm on 704 missing 

data in SPSS Clementine. The models are formed in an order 

for the variables with missing observations and then these 

models are run in missing data. For example, when we look 

at Coincidence matrix for price variable, we see that it 

estimates in a 77.3% percent success. 

 
Table 1: Displaying Accuracy Rate in Analysis 

 In addition to this, validity of models are tested by 

applying Cross-Validation to the models. The data is divided 

into two as training and test sets in the tests for price variable. 

Models are formed based on these and tested mutually for 

each. Obtained validity rates are given in Table 2 and 3 

respectively and these rates are 76.69% and 75.35%. Validity 

of model is accepted as 77.02% by averaging these rates. 

 
Table 2: Cross-Validation Accuracy Rates (1) 

 
Table 3: Cross-Validation Accuracy Rates (2) 

E. Forming Rule Base 

To form a rule base, C4.5 and A-priori algorithms are applied 

to the data using SPSS Clementine. Rules are formed by 

Obtained results and personal opinions of real estate agents. 

Some of the rules obtained from these methods: 

 Rule according to C4.5, 

If the house is in Balçova, has normal width and is in second 

floor, its price is normal. 

 Rule according to A-priori, 

If the house is in Buca, has normal width and normal number 

of floors, is close to highway and its age is zero, then its price 

is normal. 

F. Running Rules in MATLAB 

In order to run rules in fuzzy control system, MATLAB 

program is used. In this program, variables that effect real 

estate price are determined as input, price variable, which will 

be determined according to input are determined as output. 

(girilen veriye input dedim) The inputs underwent some 

processes of fuzzy logic system and the results is obtained. 

The fuzzy control system of the process is given in Fig. 6 

from entry of the data until the price variable is obtained. 

 
Fig. 6: Fuzzy Control System 
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Fig. 7: Fuzzy Modelling System 

 As seen in Fig. 7 screenshot, Mamdani is selected as 

fuzzy modelling system (FIS Type) and centroid method is 

selected as defuzzification method. Membership functions of 

variables are entered into MATLAB in order to make 

calculations using obtained data. Entered 15 variables are 

evaluated in Mamdani fuzzy modelling system and price 

variable is obtained. 

 Entered variables are divided into two group as 

verbal and numerical. Examples to numerical variables can 

be given as width, age and price of the house and example to 

verbal variables is county variable. In order for the system to 

work after the membership functions are entered into the 

program, the inference rules must be entered. Rules that are 

going to be entered into MATLAB are obtained using Apriori 

Togetherness rules in SPSS Celementine program. Some of 

the obtained rules are given in Fig. 8. 

 
Fig. 8: Example to Togetherness Rules 

 Formed rules are based on “if-then” logic. Example 

to the rules in Fig. 8 can be given in two ways. First, the 

expression according to writing system in fuzzy logic is as 

below; 

 “ IF ‘heating is stove’ and ‘number of rooms is 2+1’ 

and ‘width group is normal’ and ‘number of floors group is 

normal’ and ‘highway is none’ and ‘highway is close’ THEN 

‘price group is normal’ ” 

 Secondly, it can be expressed as spoken language. 

Rule can be expressed as below; 

 “If heating is stove and number of rooms is 2+1 and 

width group is normal and number of floors group is normal 

and highway is none and highway is close then price group is 

normal.” 

 55 of the rules obtained using SPSS Clementine are 

chosen. A decision mechanism is formed as a result of these 

entered rules and it is made ready to make necessary 

inferences based on entered variables. The last state of the 

program is like in Fig. 9. 

 
Fig. 9: The Last State of the Formed Program 

 Age: 25 years 

 Square meters: 129 m2 

 Distance to transportation: 190 m 

 Number of floors: 6 

 County: Bornova 

 Distance to highway: 210 m 

 Heating: Natural gas 

 Number of rooms: 3+1 

 Real estate type: real estate agent 

 Garden: None 

 Parking lot: None 

If entry values are as above, it calculates real estate price as 

150.00TL. 

IV. RESULTS 

In this study, C4.5, A-priori and Mamdani fuzzy inference 

system were used for determining residence prices. Real 

estate prices are modeled by evaluating 15 variables of 

county, district, age of building etc. and models were 

obtained. The best model were chosen by Cross validation. 

According to the rule base is selected C4.5 algorithms were 

evaluated in written and Mamdani fuzzy modelling system. 
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