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ABSTRACT: In real estate practice there is lack of precise information 
associated with property renting. Thus, prospective tenants and estate valuers 
require a great deal of judgment to measure and identify the best combination 
of property attributes to derive a high tenants’ satisfaction level. Most tenants 
are often very dissatisfied after renting a property; this is caused by the fact that 
at the point of choosing the property, only one or two factors were considered 
to arrive at the decision, ignoring other factors which are also significant. This 
paper proposes a neuro-fuzzy framework that will assist prospective tenants 
and estate valuers in the determination of the degree of satisfaction that will be 
derived from any residential property before the choice of such property is 
made. The basic infrastructure, property facilities, environmental and 
neighbourhood factors are indicators in the neural network models. Neural 
network interpret the complex interactions between property attributes while 
the fuzzy logic component acts as a tool for modelling imprecise and vague 
knowledge in the domain of property renting and also provide membership 
functions for the neural networks. The system uses adaptive neuro-fuzzy 
inference based on Mamdani’s inference mechanism to draw conclusions from 
fuzzy rules. 

 
INTRODUCTION 
Property renting is an estate management practice which deals with the acquisition of properties 
by prospective tenants over a period of time covered by rent [Benny, 2000]. Housing represents 
the second most essential human need after food and it has a profound impact on the health, 
welfare and productivity of individuals, Oladapo, (2006), Olujimi, (2010). For housing to 
produce these impacts, it must adequately satisfy the occupants of such property. The decision 
to buy or rent a property is often guided by the goal of finding a single optimal answer from the 
multitude of possibilities, Stahl et al , (2002), Saaty, (2008).  Decision making analysis, in the 
domain of property renting, aims at realizing conflicts that occur due to fluctuating 
environmental and infrastructural conditions, varying property facilities and imprecise nature of 
property attributes. Improper final selection may cause unpleasant outcome which leads to 
misuse in resources, manpower as well as precious time. Hence, it is important to achieve an 
optimal decision in real world problems which involve multiple alternatives and criteria in 
qualitative and quantitative domains, Cheong et al, (2008).  
 
Finding the right place to rent can be a rewarding experience or a frustrating and financially 
draining one.  The decision represents an amalgam of many factors, and is only made after an 
assessment of the relative advantages or disadvantages of alternative properties. Hence, it is 
important to measure the anticipated degree of satisfaction from residential properties before 
the decision to rent a property from a list of alternative properties. There is no question that 
location remains the single most important factor when choosing a home, Fanning, (1994).  
 
Some people prefer the suburbs while others thrive on downtown living. If one is inclined to 
favour the many benefits the city has to offer, then the choice of the part of the city that suits 
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him best must be made. The rent for such properties also influences prospective tenants’ 
decision, to rent a property, Herman and Schwab, (1995).  Before location is considered the 
following factors may be used to determine how suitable the location; distance to and from 
work place or school,  transportation issues,  availability of basic social amenities, people living 
in that area, Department of Real Estate, (2003).  Other factors that may be considered are; the 
type of property, facilities in the property, accessibility, and income level. 
 
The quest for accuracy, transparency, reliability and consistency has resulted in the shift from 
traditional approaches in the real estate practices to advanced (computerized) techniques, 
Pagourtzi et al., (2003).  Artificial Neural Network (ANN) and Fuzzy Logic have been offered 
as a possible solutions to many problems in real estate valuation, Pagourtzi et al., (2003), Guan 
et al., (2008). The appeal of neural network based methods lies in the fact that they do not 
depend on assumptions about the data and may rather replicate a prospective tenant’s thought 
process, Guan and Levitan, (1996). Neural networks have the ability of interpreting the 
numerous and complex interactions of common attributes in a typical property, Guan et al., 
(2008).  Byme and Smith, (1995) discusses the applicability of fuzzy logic in real estate 
analysis and contends that fuzzy logic has value as a tool for dealing with the risk and 
uncertainty in real estate analysis. Bagnoli and Smith, (1998) examines how fuzzy logic may be 
used in expressing the inherent imprecision in the way that people think and make decisions 
about the pricing of real estate.  
 
In real estate practice there is lack of precise information associated with property renting, 
[Bagnoli and Smith, 1998]. Thus, prospective tenants and estate valuers require a great deal of 
judgment to measure and identify the best combination of property attributes to derive a high 
tenants’ satisfaction level. Most tenants are often faced with lots of problems or very 
dissatisfied after renting a property; this is caused by the fact that at the point of choosing the 
property, they only considered one or two factors to arrive at the decision, ignoring other 
factors which are also significant. 
 
In this paper, we propose a Neuro-Fuzzy framework for decision support systems that will 
assist prospective tenants and estate valuers in the determination of the degree of satisfaction 
that will be derived from any residential property before the choice of such property is made or 
degree of satisfaction derived from any residential property by any tenant before the decision to 
retain such property is made. 
 
OVERVIEW OF NEURO-FUZZY SYSTEMS: 
A Neural Network (NN) is a mathematical model or computational model based on biological 
neural networks.  It is an emulation of biological neural system [Singh and Chauhan, 2009].  
NNs are a method of artificial intelligence based upon models posed by cognitive theory in 
psychology as to how biological brains function [Hykin, 1995]. A brain is composed of 
neurons, cells that receive a stimulus and triggers a response from the neuron [Jain and Martin, 
1998]. Fuzzy logic is based on the central idea that in fuzzy sets each element in the set can 
assume a value from 0 to 1, not just 0 or 1, as in classic set theory. Thus, qualitative 
characteristics and numerically scaled measures can exhibit gradations in the extent to which 
they belong to the relevant sets for evaluation. This degree of membership of each element is a 
measure of the element’s belonging to the set, and thus of the precision with which it explains 
the phenomenon being evaluated [Bagnoli and Smith, 1998].  
 
Fuzzy Inference Systems (FIS), which are based on fuzzy logic, often consist of IF-THEN rules 
that fire in parallel when the IF conditions are met [Inyang, 2006]. One of the main challenges 
of creating an FIS is the determination of fuzzy sets and fuzzy rules. Determination of such 
fuzzy sets and rules require deep domain knowledge from human experts and the fine tuning of 
the fuzzy rules and sets can be very time consuming. A solution to this problem is to combine 
the advantages of a fuzzy system with the learning capability of artificial neural networks 
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[Jang, 1993].  The result is a neuro-fuzzy system, which is, a fuzzy system that uses a learning 
algorithm derived from or inspired by neural network theory to determine its parameters by 
processing data samples [Akniyokun, 2002]. The neuro-fuzzy systems use adaptive neuro-
fuzzy inference system (ANFIS). ANFIS has the features of the neural networks such as 
learning abilities, optimization abilities, and the fuzzy inference system such as human-like 
reasoning using IF-THEN rules and ease of incorporating human expert knowledge.  The 
application of fuzzy logic and neural networks to real estate practices is demonstrated in 
Bagnoli and Smith, (1998),  Pagourtzi et al., (2003), Guan et al., (2008) and Pagourtzi et al., 
(2003). In Guan and Levitan, (2008) a design and implementation of an adaptive neuro-fuzzy 
inference system-based approach to estimate prices for residential properties is presented. 

 
DECISION SUPPORT FRAMEWORK 
The conceptual model of the Neuro-fuzzy based decision support system for residential 
property renting is adapted from Inyang and Akinyokun, (2008) and Inyang et al., (2009). Its 
architecture is presented in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Figure 1, it has as components, knowledge base, Neuro-fuzzy Inference Engine, 
Decision Support Engine and the user interface. The knowledge base is a warehouse of the 
static, dynamic and temporal knowledge of the properties, properties attributes, tenants’ 
requirements, prospective tenants, property owners etc. It has a database component that 
models the  information  of  residential  properties  available  for  rent,  the  rental  procedures, 
the  factors considered in the choice properties. The other components are neural network and 
Fuzzy logic. This paper describes the design methodology of neuro-fuzzy component. 
 

The neural network (NN) models are grouped under the following: 
a.    Specific attributes 
b.    Basic Infrastructure 
c.  Property facilities 
d.    Environment  

The specific attributes represents the primary considerations of most prospective tenants when 
requesting for property to rent, these include location, rent, tenancy policy, property type.  In 
the basic infrastructure NN model, the decision variables are availability of electricity, water, 
sewage disposal and public institutions.  The basic facilities NN model consist of built in 
facilities in the property; its variables are toilet and bathroom, kitchen, burglary proof, space,  
finishing and wall fence.  Accessibility, security, proximity and transportation are the indicators 
of environmental NN model. The block diagram of the NN network model is as shown in 
Figure 2 while the structure of the integrated NN model is presented in Figure 3.   
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Figure 1: Architecture of the Neuro-Fuzzy Decision Support System 
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Figure 2:  Block diagram of Neural Network for Property attributes 
 
 
 

 
 
 
 
 
  
 
 

Figure 3:  A 4 layered Feedforward NN model for property attributes 
 
As shown in Figure 3, the NN model has one input layer, 3 hidden layers and 1 output layer. 
The specific attributes layer, basic infrastructure layer and environment layer has 4 neurons 
each while the basic facilities layer has 6 neurons. These neurons in each of these layers are 
connected to one another in order for them to provide the degree of satisfaction expected from 
residential properties.  There are a total of 68 communication links (weights). The Neural 
network model is represented mathematically as follows: 

 Lj=


i

j
kkj SW

0
,       - - - (1) 

Tj =  (Lj)         . . .  (2) 

Sk=


p

q
qqTW

0

       - - (3) 

k=1, 2, 3, 4  ;      j=1,2, 3 
where Sk  refers to the degree of satisfaction of  the kth category of property attributes , wjk is the 
weight of the link which connects kth input to the jth hidden node, Lj is the net input of the jth 
hidden node,  is the sigmoid function, wq is weight of the link which connects qth hidden node 
to the output node. The learning strategy is the backpropagation method.  
 
The Fuzzy logic component provides an inference mechanism under cognitive uncertainty. It is 
made of fuzzification, fuzzy inference engine and defuzzification as phases. Fuzzification, 
involves converting the inputs from the traditional crisp universe to the fuzzy universe. For 
example, if V is a set of environmental attributes and its element are denoted by x, then the set 
v in V is denoted by:  
v= {(x,v(x)) x V,v(x) [0,1]}       - -         (4) 
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where v(x)  is the membership function of x in v  and specifies the degree of satisfaction that 
will be derived from attribute x in v in the interval of  [0,1].  In this work, the fuzzy sets that 
describe the attributes of residential properties are {Low, Medium, High, Very High} and 
{poor, fair, Good, Excellent}. The set of attributes and their respective fuzzy sets are presented 
in Table 1. 
 
Table 1: Property attributes and fuzzy linguistics terms 
 

S/N Category Property attributes  Code Fuzzy sets 
1 

Sp
ec

ifi
c 

A
ttr

ib
ut

es
 

(S
A

) 
Location L {poor, fair, good, excellent}. 

2 Rent R {low, medium, high, very high} 
3 Tenancy Policy TP  

{poor, fair, good, excellent}. 4 Property type PT 

5 

B
as

ic
 

In
fr

as
tru

ct
ur

e 
(B

I) 

Electricity EL {poor, fair, good, excellent}. 

6 Sewage disposal SD {poor, fair, good, excellent}. 

7 Public Institutions PI {low, medium, high, very high} 
8 Water W {poor, fair, good, excellent}. 

9 

B
as

ic
 

Fa
ci

lit
ie

s 
(B

F)
 

Toilet and bathroom TB  
 
{poor, fair, good, excellent}. 

10 Kitchen KI 
11 Burglary Proof BP 
12 Space SP 
13 Finishing FI 
14 Wall Fence WF 
15 

En
vi

ro
nm

en
t 

(E
N

) 

Accessibility AC {poor, fair, good, excellent}. 
16 Security SE {low, medium, high, very high} 
17 Proximity PR {poor, fair, good, excellent}. 

18 Transportation TR {poor, fair, good, excellent}. 

 
Each linguistic term is a fuzzy set and has its own membership function. The triangular 
membership functions are used in representing these linguistic variables. For example, the Rent 
for the ith property {RPi} is defined by: 
   ‘Very High’  if  Rr   > 1.5 
   ‘High’               if  1.25 < Rr < 1.50 - - (4) 
   ‘Medium’  if  1.0<Rr<1.20 
   ‘Low’     if    Rr   <  1.0 
       i=1,2,3 … n 
where  

Rr =
i

i

BC
AC

 

Where BCi is he budgeted rent of the ith property, ACi is the Actual Rent of the ith  property 
and n is the number of properties a prospective tent should choose from.  
 
Pieces of knowledge are represented as production rules. The specific attribute, basic 
Infrastructure and environment categories, each has 16 rules, the basic facilities category has 32 
rules giving a total of 80 rules in the rule base.  
 
Examples of the rules are as follows: 
IF L is good AND R is medium AND PT is excellent AND TP is good THEN SA is 
Satisfactory 
 

R(Pi)  = 
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Figure 5: Adaptive neuro-fuzzy inference system for Tenant’s Satisfaction measurement 

IF L is poor AND R is high AND PT is excellent AND TP is poor THEN SA is Very 
Dissatisfactory 
 
IF  TB is good AND KI is medium AND BP is excellent AND SP is good AND FI is poor 
AND WF is poor   THEN BI  is Very Satisfactory 
 
The graph of the membership function of the fuzzy set {very dissatisfactory, dissatisfactory, 
moderately satisfactory, satisfactory, very satisfactory} is presented in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Graph of membership function of fuzzy sets property attributes categories 
 
The inference system is driven by the neuro-fuzzy inference based on Mamdani’s inference 
mechanism. The architecture is as presented in Figure 5.  As shown in Figure 5, the neuro fuzzy 
inference is a six layered architecture of nodes.  Out of the six layers, the first, second and fifth 
layers consist of adaptive nodes while the third, fourth and sixth layers consist of fixed nodes.  
The architecture implements the Mamdani’s inference mechanism. It handles rules of the form: 
Rule1:    IF  (x1 is 1

1A ) AND   . . .  AND  (xm  is  1
mA )  THEN  (y1   is B1) 

Rulen :    IF (x1 is nA1 )  AND   . . .  AND  (xm  is  n
mA  ) THEN  (yn   is Bn) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
where xi  are inputs, Ai  are fuzzy sets of ith inputs variables and Bi  are fuzzy sets of the outputs 
variables within the fuzzy region specified by the rule.  As shown in Figure 5, there are n inputs 
to the system; the rule may therefore assume the form: 
IF  (x1 is A1) AND  (x2  is B1) AND…  AND ( xn  is  Cn)  THEN  (S  is O1) 
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In this work n = 4 , where n represents the number of property attributes group. 
An example of such rule is: 
IF (SA is satisfactory) AND (EN is very satisfactory) AND (BF is dissatisfactory) AND (BI is 
Very satisfactory ) THEN  Tenants Satisfaction is High 
 
Layer 1 is the fuzzification layer.  They represent inputs to the system which may be specific 
attributes (location, rent, tenancy policy and property type), Environmental attributes, basic 
facilities attributes etc. The outputs of this layer are the fuzzy membership grade of the inputs 
which are represented in layer 2. They represent the degree to which a given input satisfies the 
linguistic label associated with it. This is given by:   O1=

iA (x),   i=1,2,3,4 

where 
iA (x) adopts the triangular membership function and is given as 

iA (x)    =  
ba
bx




     - - -          (5) 

where a and b are the parameters of the membership function governing the triangular shaped 
functions accordingly such that    b <  x  <  a 
 
Layer 3 consists of the rule nodes, labelled M, indicating that they function as simple 
multipliers to compute the rule antecedent part. Each node computes the firing level of the 
associated rule. The output of the ith neuron is  
i= 

iA (x) * 
iB (x) * 

iC (x) = 
iA (x) ˄ 

iB (x) ˄ 
iC (x)  -    -   (6) 

 i= Min{
iA (x), 

iB (x), 
iC (x)}   

Layer 4 normalizes the firing level of each rule by dividing each firing level by the sum of all 
the firing level of all the rules.  For rule 1 the normalized firing level is given as: 
 1=

4321

1





    . . .               (7)   

For the ith rule, the normalized version is given as : 
  i= 


n

i

i

1



           . . .     (8)   

The product of each rule’s normalized firing level (i ) and the rule’s output is represented in 
layer 5.   For the ith node,  

Ri  = i 
1

iS (i )            . . .   (9) 

 where i= 1,2,…18              
The summation neuron is layer 6, it computes the overall system output as the sum of all 
incoming signals.  
 ))()()()( 4

1
443

1
332

1
221

1
11    SSSSS     

      )(1

1
ii

n

i
i S  


     . . .           (10)                            

The output (S) of the neuro fuzzy inference systems is in crisp form and is the predicted degree 
of satisfaction and suitable for decision making; based on this value the tenant’s satisfaction 
level is classified using the fuzzy set {Very Low, Low, medium, High, Very High} and defined 
as follows: 
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TS(S)=  
 
 
 
Based on the result the list of properties presented to any prospective tenants can be ranked in 
descending order of crisp value of S. The result is passed into the decision support system 
where cognitive filter will pick the property with the highest rank while emotional filter may 
choose any property from the best three ranked properties. 
 
CONCLUSION 
The quest for accuracy, transparency, reliability and consistency has resulted in the shift from 
traditional approaches in the real estate practices to computerized techniques.  Decision making 
analysis, in the domain of property renting, aims at realizing conflicts that occur due to, 
fluctuating environmental and infrastructural conditions, varying property facilities and 
imprecise nature of property attributes.  This paper proposes a neuro-fuzzy framework that will 
assist prospective tenants and estate valuers in the determination of the degree of satisfaction 
that will be derived from any residential property before the choice of such property is made. 
The basic infrastructure, property facilities, environmental and neighbourhood factors are 
indicators in the neural network models. The design is flexible, user friendly and allows users 
to specify the relative importance of factors based on users’ set of preferences, integrates these 
criteria into a single evaluation score and give a priority ranking of properties. The work 
demonstrates the application of neural network, fuzzy logic and neuro-fuzzy systems in the 
domain of real estate practices. 

 
REFERENCES 
Akinyokun, O. C. (2002): Neuro-Fuzzy Expert Systems for Evaluation of Human Resources 

Performance. First Bank of Nigeria PLC Endowment Fund Lecture Series.  
 
Bagnoli , Carlo and Smith , Halbert (1998): The Theory of Fuzzy Logic and its Application to 

Real Estate Valuation. Journal of Real Estate Research. 16(2)  169-196 
 
Benny, C. S. (2000): Computerizing the Profession Firm – Prospects and Process. Nigerian 

Institute of Estate Surveyors and Valuers. 2(1)  87-98 
 
Byme, P. Fuzzy Analysis (1995): A Vague Way of Dealing with Uncertainty in Real Estate 

Ana lys i s .  J our na l  of  P r op er t y  Va lua t ion  & Inv es t ment .  13 (3 )  2 2 –4. 
 

Cheong, Chin Wen, Jie, Lee Hua, Meng, Mak Chee and Lan, Amy Lim Hui (2008): Design and 
Development of Decision Making System Using Fuzzy Analytic Hierarchy Process. 
American Journal of Applied Sciences  5(7) 783-787 

 
Department of Real Estate (2003): Property Quest: A Guide for First Time Renters. Department 

of Real Estate (DRE), California 
 
Fanning, S. (1994); Market Analysis for Valuation appraisals. Appraisal Institute 
 
Guan, J, Zurada J. and levitan A. (2008): An Adaptive Neuro-Fuzzy Inference System Based 

Approach to Real Estate Property Assessment. Journal of Real Estate Research. 30(4)   
395-421. 

 
Guan, J. And Levitan, A. (1996): Artificial Neural Network-based Assessment of Residential 

real properties: A Case Study. Accounting Forum.  20(3), 311–326. 

“Very Low”  if  S <0.1    
 “Low”  if  0.1 < S <0.4    
“Medium”   if  0.4 < S <0.6         .    .  (11) 
 “High”  if  0.6 < S <0.8    
 “Very High”  if  0.8 <  S <1.0 



Inyang and Inyang: A Neuro-Fuzzy Decision Support Framework for Tenants’ Satisfaction 
Assessment in Residential Properties 

World Journal of Applied Science and Technology, Vol.3.  No.1 (2011). 146-154 154 

 
Herman, G. M.  and. Schwab, C. A (1995):  A Home for your Family:

 
Choosing to Rent.  HE-

428  North Carolina Cooperative Extension Service 
 
Hykin, S. (1995). Neural networks: A comprehensive foundation (2nd ed.). Prentice Hall 

International, Inc 
 
Inyang, U. G. & Akinyokun O. C. (2008): Fuzzy cluster means system for Matching Human 

Behavioural Patterns to ethnic Groups. Journal of Institute of Mathematics & Computer 
Sciences. (Computer Science Series) 19(1)  53-61. 

 
Inyang, U. G. (2006): PCA Ranking of Psychological Characteristics in Human Behavioural 

Pattern Matching and Recognition. Journal of Natural and Applied Sciences.   6 (1)   30-
51 

 
Inyang, U. G.; Njungbwen, E. and Inyang, M. U. (2009): Design of An Analytic Hierarchy 

Process Based Decision Support System for Residential Property Renting. Indian 
Centre for Advanced Scientific and Technology Research (ICASTOR) Journal of 
Mathematical Sciences. 3(2) 183-195 

 
Jain, Lakhmi C. and Martin, N.M.  (1998): Fusion of Neural Networks, Fuzzy Systems and 

Genetic Algorithms: Industrial Applications. CRC Press, CRC Press LLC 
 
Jang, J.S.R. (1993): ANFIS: Adaptive-Network-Based Fuzzy Inference Systems. IEEE 

Transactions on Systems, Man, and Cybernetics,  23(3)  665–685. 
 
Oladapo, Adebayo A. (2006): A study of Tenants’ Maintenance Awareness, Responsibility and 

Satisfaction in Institutional Housing in Nigeria. International Journal of Strategic 
Property management. 10(1)  217-231 

 
Olujimi,  Julius Ajilowo Bayode (2010): Analysis Of The Relationships Of Infrastructural 

Facilities In The Determination  Of Rental Values Of Residential Properties In Akure, 
Nigeria.  Arts and Social Sciences Journal (10) 1-11 

 
Pagourtzi E., Assimakopolous V., Hatzichristos, T. and French, N (2003); Pactice Briefing - 

Real Estate  Appraisal : A review of Valuation Methods. Journal of Property Investment 
and Finance. 21(4) pp 383-401.  

 
Saaty, T.L. (2008): Decision making with the analytic hierarchy process, Int. J. Services 

Sciences.  1(1) 83–98. 
 
Singh, Yashpal and Chauhan,  Alok Singh (2009):  Neural Networks In Data Mining. Journal 

of Theoretical and Applied Information Technology. pp 37-42.  
 
Stahl, Cythia, Cimerorelli, Alan J. and Chow, A. H. (2002): A New approach to Environmental 

Decision Analysis: Multi-criteria Integrated resource Assessment (MIRA). Bulletin of 
Science, Technology and Society:  22(6)   443-459  

 


