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Abstract— Most real-world data are vague, imprecise and imperfect and so classical relational databases are lacking in ability to 
integrate and manage them. The fuzzy database model uses the fuzzy set and fuzzy logic to extend the Classical relational data-
base models as a functional way of supporting and managing imprecise, vague and imperfect data especially in Multiple Crite-
ria Decision-Making. The Systematic review of the State of the Art in Fuzzy Database Model is therefore, a review and conden-
sation of the various approaches by different authors to integrate the crispy and imperfect data.  
. 

Index Terms—Entity-Relationship, Fuzzy, Fuzzy Extended Entity-Relationship, imperfect, IFO, ExIFO, imprecised data, Non-Formal 
relation, vague. 
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1 INTRODUCTION 

A database is an ordered collection of related data elements 
intended to meet the information needs of an organization 
and it is designed to be shared by multiple users [3]. The 
type of data and the values of attributes are not always 
known with sufficient precision [1]. This is because, most of 
the data are fuzzy, vague and complex either by their na-
ture or by non-ideal measurement and the uncertainty aris-
ing from the fuzziness are always ambiguous [2,4]. The 
main motivation therefore for using fuzzy method lies in 
the need to resolve the fundamental problem of integration 
of crispy and imperfect data in the database [6]. By design, 
Relational Databases are based on Boolean logic with a bi-
stable output of {1 or 0; true or false}. The fuzzy database 
approach measures information on the degree of truth and 
it has become the most convenient way to store and man-
age imprecise data.  
 
The fundamental components of the fuzzy database model 
are the fuzzy logic and the fuzzy set. While the fuzzy logic 
uses a combination of various mathematical principles to 
represent knowledge depending on a gradual degree of 
membership, the fuzzy set theory on the other hand, pro-
vides a robust framework for systematically handling of 
uncertainty based on fuzziness [5,6]. 
 
 

 

2 LITERATURATURE REVIEW 
Real world applications, data and information often times 
are imprecise, uncertain and vague and many sources con-
tribute to it [16]. For example, we are increasingly faced 
with large volumes of data that are generated via both tra-
ditional and non-traditional means (e.g., sensors, camera, 
genome, biological and geographical systems, etc). Because 
these data are imprecise, imperfect and uncertain, they pose 
a significant problem in terms of incorporation, representa-
tion and manipulation in the traditional Relational Data-
base [14]. The introduction of fuzzy logic by Zadeh helped 
in the extension and integration of fuzzy data through dif-
ferent data models [5]. 
 
3 STATE OF THE ART IN FUZZY DATABASE 
MODEL 
The uncertainty and incomplete data representation which 
are viewed as disadvantages in the ER model necessitated 
the use of fuzzy sets and fuzzy logic to extend existing 
relational database models [8]. The State of the Art in Fuzzy 
Database Model are the several approaches by different 
authors on the extension and implementation of the fuzzy 
database model and techniques.  The approaches are:  
 
3.1 Chen and Kerre Approach.  
The Chen and Kerre’s approach introduced the fuzzy ex-
tension where the superclass and subclass relationship con-
cepts of the ER model are extended using fuzzy logic 
[10,11].  The basic idea is to define a set of members over a 
universal space such that, if E1 is a superclass of E2 and e 
ЄE2, then E1(e) ≤ E2(e), where E1(e) and E2(e) are the 
membership functions of e to E1 and E2, respectively [13]. 
Chen and Kerre further discussed three kinds of constraints 
with respect to fuzzy relationships. The constraints are:  
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(1) The inheritance constraint. This constraint proposes that 
an instance of a subclass inherits all relationship instances 
in which it participated as a superclass entity.  
(2) Total participation constraint. Defined when each entity, 
ai >0 in the entity set (E Ǝ i) occurs in at least one relation-
ship in that relationship set. 
(3) The cardinality constraints. In an Entity–Relationship 
(ER) schemas, this constraint specifies the dependencies 
among the entities. A conventional simplified cardinality 
notation uses 1 for mini and maxi, and a letter (e.g., n) for 
mini ≥ 0, maxi = N [12,13]. There are kinds of cardinality 
constraints, and they could be represented thus: 1:1, 1: N, 
and N:M relationships.  
 
If E, R, and A are: fuzzy entity type, fuzzy interrelation type, 
and fuzzy attribute set of the fuzzy ER model, and if μE, μR, 
and μA be their membership functions, then Chen and 
Kerre label types can be represented in the figures below.  

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 
3.2 Zvieli and Chen’s Approach 
Imprecision at the modelling level was paramount in the 
minds of Zvieli and Chen and so, they offered the first ap-
proach to incorporate fuzzy logic into the extension of ER 
model. They adapted a design methodology for FRDBs, 
which contains extensions for representing the imprecision 
of data in the Entity-Relationship (ER) data model. They 
also proposed a set of steps for the derivation of a Fuzzy 
Relational Database (FRDB) from this extended ER model 
[9,12]. Zvieli and Chen allowed fuzzy attributes in entities 
and relationships and introduced three levels of fuzziness 
in the ER model. The three levels are: [9] 

1. At the first level, entity set types, relationships and 
attributes may be fuzzy and thus have a member-

ship degree. For example, in Figure 2, the fuzzy en-
tity “Company” has a 0.9 membership degree, the 
relationship “Accepts” has a 0.7 membership de-
gree, and the fuzzy attribute “EmailAddress” has a 
0.8 membership degree. 

2. The second level is related to the fuzzy occurrences 
of entities and relationships. Where instances be-
long to the entity or relationship with different 
membership degrees. For example, an entity 
“Young_Employees” must be fuzzy, because its in-
stances, its employees, belong to the entity with 
different membership degrees. 

3. The third level concerns the fuzzy values of attrib-
utes of special entities and relationships. For ex-
ample, attribute “Quality” of a basketball player 
may be fuzzy (the possibilities include bad, good, 
very good, and so on). [11, 12, 14]  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Galindo et al, [12] in analysing the proposal by Zvieli and 
Chen, observed that the first level may be useful, but that 
there is a need to decide whether such an entity, relation-
ship, or attribute should or should not appear in the im-
plementation phase. The second level is useful, but it is im-
portant to consider other varying degree of meanings 
(membership, importance, fulfilment degree, and so on). 
The third level is only useful to the extent that it is similar 
to the data type of some of the attributes. 
 
3.3 Yazici and Merdan Approach 
IFO data model is a mathematically defined data model 
that combines the fundamental principles of “semantic” 
database modeling using a graph-based formalism. It uses 
directed graph with various types of vertices and edges 

 
Figure 1 showing ER fuzzy notation proposed by Chen [12] 

  

 

 
Figure 2, showing membership degrees to the model in some sets 
(entities, relationships, or attributes): The first level of the Zvieli 
and Chen approach. [12] 
.  
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which represents atomic objects, structured objects, func-
tional fragments and ISA relationships between them [15]. 
Yazici and Merdan studied this model and adopted the IFO 
model in order to incorporate imprecise attributes. They 
thereafter proposed an extension of the IFO model to ExIFO 
for the processing of imperfect data with special treatment 
of data where similarity exists in a label [12,15]. The im-
plementation and validation of the representation of a 
fuzzy conceptual scheme is by looking at a representation 
of uncertain attributes. Also, they proposed 3 constructors 
in the conceptual ExIFO model such that the constructors 
will allow imprecision and uncertainty in database models, 
based on the IFO conceptual model. They use fuzzy values 
like: true attributes, incomplete-valued attributes, and null-
valued attributes in their illustration [12]. In the first case 
for example, consider a Set of Real numbers, R= {1, 2, 3, 4, 5} 
and a subset, x= {1, 3, 5}; there exist a similarity relation 
between the domain of the real attributes and the subset, 
xєR. The second valued-attribute is the incomplete attribute 
where the domain is non-specific but only provided a range 
of numbers (e.g. between 10 and 20) which is a classical 
incomplete attribute. In the third, the true data value is 
available but it is not expressly precise. An example of this 
attribute may be, whether a certain number exist. Note, the 
main contribution of this approach is the use of an extend-
ed Non-First Normal Form relation (NF2) which is aimed at 
transforming the conceptual design into a logical design 
[12].  
 
3.4 Chaudhry, Moyne and Rundensteiner Approach 
Chaudhry et’ al are one of the many authors that proposed a 
method for the extension of the classical relational database. 
Their method proposes the extension of the ER model of Zvi-
eli and Chen through a sequence of steps that maps the 
fuzzy EER model to the fuzzy relational database. The two 
types of imprecisions they considered are: (i) the impreci-
sion in the degree of membership of a tuple in a relation, 
and (ii) the imprecision in a data value. According to them, 
“firstly, present the fuzzy relation construct that expresses 
the imprecision in the degree of membership of a tuple in a 
relation, and then the possibilistic relation construct that 
expresses the imprecision in a data value” [17]. Galindo et’ 
al [12] defined n linguistic labels as n fuzzy sets over the 
universe of an attribute with each tuple in the crisp entity 
transformed up to the level of the n value of fuzzy. Each 
fuzzy tuple (or value) does not store the crisp value but a 
corresponding linguistic label and a degree of membership 
to which the corresponding crisp entity belongs in the new 
entity. The crisp entities and the new fuzzy entity are then 
mapped to separate tables. The design sequence for the 
extension of FRDBs are: refer to fig. 6 
Step 1: Constructing an extended fuzzy ER data model.  

Step 2: Transforming the ER model to relational tables.  
Step 3: Normalization of the relations.  
Step 4: Ensuring correct interpretation of the fuzzy rela-
tional operators. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
3.5 Buckles and Petry Model  
The Buckles-Petry Model was the first model that utilizes 
similarity relations in the relational model. It provides a 
structure for the representation of inexact information in the 
form of a relational database. This structure differs from or-
dinary relational databases in two aspects: (1) components of 
tuples need not be single values and (2) a similarity relation 
is required for each domain set of the database. In this mod-
el, assume a fuzzy relation is defined as a subset of the fol-
lowing Cartesian product: P(D1) × ... × P(Dm), where P(Di) 
represents the elements of the domain (Di), including all 
the subsets that could be considered within the Di domain 
[20]. The three data types that this proposal permits are: 
finite set of scalars, finite set of numbers and fuzzy number 
set [17].  
 
3.6 Ma, Zhang, Ma, and Chen Approach 
Ma, Zhang, Ma, and Chen reviewed the work of Zvieli and 
Chen especially the three levels which they then incorpo-
rated into the Fuzzy Extended Entity-Relationship model 
(FEER model). This approach tries to manage complex ob-
jects in the real world at conceptual level and associate their 
importance to the degree of each of the components (attrib-
utes, entities, etc.). So much restriction was however im-

 
Figure 3. showing the model proposed by Chaudhry, Moyne, and 
Rundensteiner (1994): Example of DBFuzzifier transformation 
[12,17]. 
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posed because of their generalization of definitions for spe-
cialization, category, and aggregation [12]. Furthermore, in 
2004, they introduced an extended object-oriented database 
model to handle imperfect, imprecise as well as complex 
objects. The modules of the EOODBM that they extended 
are: objects, classes, objects-classes relationships, sub-
class/superclass, and multiple inheritances. Here are some 
FEER notations they proposed:  
a) fuzzy attributes, entities, and interrelations single-valued 
attribute type 
b) specialization, aggregation, and fuzzy categories 
 
4 POSSIBILISTIC MODELS.  
Possibility theory is premised on the idea of how linguistic 
variables are related to fuzzy sets. In this way, it is then 
possible to evaluate the possibility of the variable X belong-
ing to set Y just like the membership degree of X element in 
Y [18]. Below are examples of possibilistic model:  
  
4.1 The Prade-Testemale Model.  
This is a FRDB model that allows the integration of incom-
plete or uncertain data in the possibility theory and the re-
lations corresponding to knowledgebase. After integration, 
the uncertain data are then stored in form of tables irrespec-
tive of the fact that differences may occur in the type of val-
ues in the columns. For example, an attribute A, having a X 
domain with e as a special element denotes a scenario 
where A is not applied to y [18]. Thus, the values of A for a 
y object can be represented by a possibility distribution 
πA(y) about X ∪{e} such that the PD, πA(y) is an application 
that goes from X ∪ {e} to the [0, 1] interval. [18] 
 
4.2 The Zemankova-Kaendel Model.  
This model dates back to 1984 and 1985 and it is premised 
on three databases: value database, explanatory database 
and set of translating rules. Value database data are ordered 
in ways similar to the possibilistic models while on the oth-
er hand, explanatory databases have fuzzy subsets and 
fuzzy relations stored in them. The set of translating rules, 
are the various measures for handling of adjectives and 
modifiers [18]. The possibility measure, PA(S) is used to 
find the compatibility of the fuzzy subset, S of the condi-
tion, with an attribute A value for each tuple in the relation 
is given as PA(S) = supx∈X {μF(x) ⋅ πA(x)}.  
 
4.3 The GEFRED Model.  
The Generalized Fuzzy Relational Database (GEFRED) 
model was proposed in 1994 by Medina-Pons-Vila. In its 
development, the fuzzy domain was considered within the 
framework of possibilistic model. GEFRED is designed to 
contain unknown, undefined and null values hence its ability 
to handle various datatypes. It also redefines the relational 
algebraic operators like: union, intersection, difference, Car-

tesian product, projection, selection, join and division in the 
generalized fuzzy relational algebra. [18] 
 
5 OBSERVATIONS & FUTURE RESEARCH 
The approaches by the authors on the use of fuzzy model to 
integrate imprecise and imperfect data into the database 
have aligned with the benefits of the fuzzy model which are 
based on a generality of function estimators: clarity, modu-
larity, ability to be explained, easy handling of uncertainty, 
and parallel processing of rules [6]. There are however, 
some very important drawbacks which portends major lim-
itations to the fuzzy model that the authors did not factor 
in. The drawbacks are: the high computational costs, severe 
computing power restrictions, comprehensibility, and op-
timization [21]. Future research should therefore incorpo-
rate the computational complexities and the severe compu-
ting restriction. Typical references are the limitations inher-
ent in bioinformatics settings such that the computational 
complexities have created hurdles for crispy data defuzzifi-
cation [6].  
 
6 CONCLUSION  
Fuzzy set and fuzzy logic have become useful tools for ac-
curate modeling and integration of real-world uncertain, 
imprecise and imperfect data. Condensing the several ap-
proaches of the extension of the traditional classical data-
bases in this research work was with a view to presenting 
an up-to-date State of the Art in fuzzy database modeling, 
the limitations and the future research areas.  
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