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1. Introduction 
Enterprise systems are being developed to be adaptable, intelligent, flexible and efficient in order to meet up with 

the ever-changing business environments. According to [23], decision making in the real word takes place in an 
environment in which goals, constraints and outcomes are not precisely known. Decision making at the Management level 
are usually based on imprecise or incomplete information. 
Information from real life systems are sometimes vague, incomplete, imprecise and ambiguous. In [1], the author observed 
distinct types of uncertainty in fuzzy information as follows: 

 Uncertainty – impossibility of determining whether an assertion in the model is true or false. 
 Imprecision – the information in this model is not specific or could be unknown. 
 Vagueness – the elements in the model are vague. 
 Inconsistency – the model contains two or more assertions that cannot be true at the same time. 
 Ambiguity – some elements of the model lack complete semantics which could lead to several interpretations. 

In real life, many abstract concepts such as bad, good, cheap, expensive and so forth are used. Ignoring imprecise 
information in real life applications will lead to elimination of very vital information. Hence, imprecise information is very 
useful in building applications. Conventional databases are unable to handle fuzzy data. 
There are several attempts to represent imprecise information without fuzzy logic on databases such as introduction of 
NULL values by Codd (Codd Approach), default values by Date, interval values by Grant, statistical and probabilistic 
databases. An overview of these attempts is given in section 3. The basic model of Fuzzy databases is discussed in section 
4. Several models have been built to incorporate fuzzy logic into databases. These models are discussed in section 5. Basic 
databases are unable to handle impreciseness. The concept of fuzzy object-oriented data has been evolved to handle 
complex data that classical databases are unable to handle. 
According to [2], fuzzy object-oriented database comprises of the concept of database techniques, object-oriented 
modelling and application of fuzzy set theory. 

Implementation of fuzzy object-oriented database are required in medical diagnosis system, multimedia database, 
information retrieval and so on. An overview of Fuzzy Object-Oriented Database (FOOD) model is given in Section 6. 
 
2. Related Works 

An overview of Fuzzy database models was done in [24] with references to researches and application issues of 
Fuzzy Relational and Object-Oriented Databases. In [2], an overview of Fuzzy Object-Oriented Database systems (FOODs) 
with details of different modeling and algebraic expressions that can be performed on it is given. A brief review of logical 
relational database models and fuzzy set theory was done by [25]. The review concentrated on only relational database 
models. Fuzzy database approaches such as imprecision without Fuzzy Logic, basic model of fuzzy databases, similarity 
relations, possibilistic models and Fuzzy Object-Oriented Database models are discussed in [5]. In [12], the strengths and 
weaknesses of Fuzzy Relational and Fuzzy Object-Oriented Database models are compared as well as their data model 
representations and data manipulation languages.  
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3. Imprecision Without Fuzzy Logic 
 There have been attempts to represent imprecise information without utilizing fuzzy logic. The first attempt to 

represent imprecise information in databases was made by E.F Codd in 1979[3]. It is commonly referred to as “Codd 
Approach”. It was further expanded (Codd 1986, 1987, and 1990). Fuzzy set theory was not used in the model. According 
to [4], NULL is a special marker in a Structured Query Language (SQL) to show that a data value does not exist in a 
database. In other words, NULL shows the lack of a value which is different from zero (0). A three-valued logic was 
adopted in [3] for extracting data from databases that may contain null values. The Greek lowercase character, omega (ω) 
was used to represent unknown truth value while (T) represents “True” and (F), “False”. The following truth tables 
represents the three-valued logic: 
 

AND F ω T OR F ω T NOT  
F F F F F F ω T F T 
ω F ω ω ω Ω ω T ω Ω 
T F ω T T T T T T F 

Table 1 : Truth Table for Tri-Valued Logic: True, False and Unknown [3] 
 

In [5], the details of the two marks added to differentiate the NULL value: the “A-mark” and the “I-mark” are 
summarized. The A-mark represents a missing or unknown but applicable value mark while an I-mark represents absent 
and inapplicable value mark [6]. For instance, an A-mark would be assigned to a salesman who has a missing but 
applicable sales volume while and I-mark would be assigned to a salesman with an inapplicable sales volume (probably 
because such salesman does not sell X product anymore). 
The tetra- value logic is shown in Table 2. 
 

 
Table 2 : Truth Table for Tetra-Valued Logic [5] 

 
In [6], other approaches are summarized like “default values” approach presented by C.J Date in 1982 as an 

alternative to NULL values, the “internal values” approach by Grant (1980) who expands the relational model to allow a 
possible range of values/intervals to be stored in one attribute, in addition to precise value as well as NULL value (where 
no information is provided) and statistical and probabilistic databases. The proposal relating to statistical database was 
done by Harry K.T Wong in 1992 in which cases of incomplete information can be statistically represented and compared. 
Barbara, Garcia-Molina and Porter in 1992 published probabilistic databases in which uncertainties were modelled as 
probabilities, where the probabilities are measures of imprecision in data [22]. The sum total of probabilities of all 
probable value is one (1) and the missing probabilities of is one minus the sum the known probabilities. 
 
4. Basic Model of Fuzzy Databases 

The basic model of fuzzy database is a simple one which entails the adding of a grade in the range of [0, 1] to each 
instance or tuple. This ensures that data homogeneity exists. The grade could have different meanings: membership grade, 
dependence strength level, fulfillment degree, importance degree [5, 7] 
The challenge with these fuzzy models is that imprecise information cannot be accurately represented about a certain 
attribute of a specific entity (such as “dark” or “light” for colour attributes). In addition, the assignment of fuzzy character 
globally to each instance makes it impossible to know the exact contribution from each attribute.  
 
5. Classification of Models Of Fuzzy Databases 

The leading approaches for representing imprecise information are broadly classified into 
 

 Classification Models 
(i) Similarity relations model 

 
Buckles-Petry model 

(ii) Possibilistic model 
 

Prade-Testemale model, Umano-Fukami model, Zemankova-
Kaendel model, GEFRED model 

Table 3: Classification of Models of Fuzzy Databases 
 
 
5.1. Similarity Relations Model 

A similarity relation is a fuzzy relation whose membership function expresses similarity degree or resemblance 
between every two elements of the domain. In this approach, query results contain both exact that satisfy search 
conditions and data similar to the exact data [8]. 
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The Buckles- Petry model proposed by Buckles and Petry utilized the similarity model [14]. The data type allowed in this 
model are finite set of scalars (labels), finite set of numbers and fuzzy number set. The similarity 

values are normalized in the interval [0, 1], where 0 represents “totally different” and 1 “totally alike” or “similar”.  
The fuzzy relation in this model is defined as a subset of the following Cartesian product: P(D1)X…P(Di) represents the part 
set of a Di domain including all the subsets that could belong to the Di domain. 
 
5.2. Possibilistic Models 

In possibilistic models, possibility theory is used to model imprecise information. The models in this group are: 
Prade-Testemale model, Umano-Fukami model, Zemankova-Kaendel model and GEFRED model. 
Prade and Testemale published a Fuzzy Relational Database (FRDB) model that integrates incomplete data using 
possibility theory [15,16,17,18]. In this model, attribute value of a tuple can be a possibility distribution. A possibility 
distribution πA(m) about D ∪{e}represents all available information about the values of A for an m object(where e is a 
special element denoting the case in which A is not applied to m.  πA(m) is an application that goes from D ∪{e}to the [0,1] 
interval. This implies that all the value types adopted by this model can be represented. In every possibilistic model, the 
value d ∈ D must be taken account of. Hence, if πA(m) (d) = 1, ∀ d ∈ D then d value is completely possible for A(m). 
The Umano-Fukami model proposed by [13] also utilized the possibility distribution in order to model information 
knowledge. The model was called possibility-distribution fuzzy relational model.  During the query session, the model 
solves the query problem by dividing the set of instances into three subsets: 

 The first subset contains instances completely satisfying the query. 
 The second subset contains instances that may satisfy the query. 
 The third subset contains instances that do not satisfy the query. 
The presentation of information in Prade-testemale and Umano-Fukami models is shown in Table 4. 

Table 4:  Representation of Information in Prade-Testemale and Umano-Fukami Model [5] 
 

Zemankova-Kandel model was published by Maria Zemankova and Abraham Kandel in 1984 and 1985[19]. The 
model consists of: 

 A value database that stores actual data values organized in a similar way as in the possibilistic models. 
 An explanatory database, which stores fuzzy subsets and relations and a set of translating rules for handling fuzzy 

modifiers, fuzzy connectives or adjectives. 
The model adopted possibility/certainty measure in evaluating a query, q unlike the Prade-Testemale model that 

uses “necessity” with an established relationship with possibility: N(X) = 1 – P(¬ X). The interpretation of certainty degree 
is not clear and no relationship exists between possibility and certainty. The model poses some limitations making it an 
incomplete model[5]. 

The GEFRED (Generalized Fuzzy Relational Database) model was published by Medina J.M, Pons O. and Vila M.A in 
1994 and later expanded [20]. The GEFRED model integrates previous models developed in the possibilistic framework. 
The goal was to develop a model that can handle all fuzzy information. Fuzzy and non-fuzzy domains i.e. numeric values 
are considered. Table 5 shows the data type handled by this model. 
  
  
 
 
 
 

Information Prade-Testemale model Umano-Fukami model 
The precise data is known and 

this is crisp: 
πA(m) (e) = 0 
πA(m) (c) = 1 

πA(m) (d) = 0 ∀ d ∈ D, d ≠ c 

πA(m) (d) = {1/c} 

Unknown but applicable πA(m) (e) = 0 
πA(m) (d) = 1 ∀ d ∈ D 

Unknown = πA(m) (d) = 1 ∀ d ∈ D 

Not applicable or nonsense πA(m) (e) = 1 
πA(m) (d) = 0, ∀ d ∈ D 

Undefined =  πA(m) (d) = 0, ∀ d ∈ D 

Total ignorance πA(m) (d) = 1, ∀ d ∈ D ∪{e} Null = {1/unknown, 1/undefined} 
Range[m,n] πA(m) (e) = 0 

πA(m) (d) = 1 if  d ∈ [m,n]  ⊆ D 
πA(m) (d) = 0 in other case 

πA(m) (d) = 1 if d ∈ [m,n]  ⊆ D 
πA(m) (d) = 0 in other case 

The information available is a 
possibility distribution, µa 

πA(m) (e) = 0 
πA(m) (d) = µa(d) ∀ d ∈ D 

πA(m) (d) = µa(d) ∀ d ∈ D 

The possibility that it may not 
be applicable is λ and, in case it 

is applicable the data is µa 

πA(m) (e) = λ 
πA(m) (d) = µa(d) ∀ d ∈ D 

Not represented 
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1 A single scalar (e.g., Height = Tall, represented by the possibility distribution 1/Tall). 
2 A single number (e.g., Weight = 78, represented by the possibility distribution 1/78). 
3 A set of mutually exclusive possible scalars (e.g., distance = {Far, Near}, represented by {1/Far, 

1/Near}). 
4 A set of mutually exclusive possible numbers (e.g., Age = {25, 26}, represented by {1/25, 1/26}). 
5 A possibility distribution in a scalar domain (e.g., Behavior = {0.7/Bad, 1.0/Acceptable}). 
6 A possibility distribution in a numeric domain (e.g., Age = {0.6/24, 1.0/25, 0.9/26}, fuzzy numbers 

or linguistic labels). 
7 A real number belonging to [0,1], referring to the degree of matching (e.g., Quality = 0.8). 
The Umano-Fukami model data types: Unknown, undefined and NULL are inclusive. 
8 An Unknown value with possibility distribution: Unknown = {1/d : d ∈ D}. 
9 An Undefined value with possibility distribution: Undefined = {0/d : d ∈ D}. 
10 A NULL value given by: NULL = {1/Unknown,1/Undefined}. 

Table 5: Data Types in the GEFRED Model 
 

The model is based on generalized fuzzy domain (D) and generalized fuzzy relation(R) which comprises classic 
domains and classic relations respectively [5]. 

The models discussed above apply to Fuzzy Relational databases (FRD). Due to the increasing demand for data 
driven applications requiring large and complex data sets and the need for reusability and easier maintenance, the 
classical Fuzzy Relational database is limited in these aspects. Fuzzy Object-Oriented Database (FOOD) model is more 
suitable and capable of meeting these demands. 
 
6. Fuzzy Object-Oriented Database (Food) Model 

Fuzzy Object-oriented database (FOOD) is a model that allows complex objects and hierarchies such as classes, 
aggregation, inheritance and generalization to be implemented on a database and is capable of handling various types of 
uncertainties present in the data [26]. 

In [21], the prototypal implementation of Fuzzy Object-Oriented database model is presented. The model is 
defined as an extension of graph-based object in order to manage both crisp and imperfect information utilizing fuzzy set 
and possibility theory. 
The model adopts a conceptual scheme of a quintuple: {C, T, A, H, P} in which: 
C is a finite set of class names containing crisp and fuzzy classes. Crisp class collects objects with full membership and 
fuzzy class collects objects which have partial membership to the class. 
T is a finite set of type names that could either be crisp or vague types denoting set of precise values or vague/imprecise 
values respectively. 
A is a set of attribute names. Attributes could be simple (when domain is a type) or complex (when domain is a class). 
Single-valued and multi-valued attributes exists. 
P is the property relation. P relates one class, Ci with its attribute names and both classes, Ci and Cj with the domain. 
H is the inheritance relation that defines class hierarchies. If the inheritance relation is fuzzy then a label defines the extent 
to which instances of a subclass are instances of a super class. 
  
6.1. Application of Fuzzy Object-Oriented Database (FOOD) model 

In order to handle impreciseness in data, some modern data types such as text files, images, audio, video, medical 
and research data, spatial data, astronomical data etc. have developed the concept of Fuzzy Object-Oriented database in 
designing, storing and implementing of such data type [2]. 
Video content extraction, storage and retrieval, medical diagnosis system, Multimedia database, Geographical Information 
system are some applications that uses complex and fuzzy information and requires the implementation of Fuzzy Object-
oriented database model. 

Some applications and prototypes that adopts FOOD model are presented in [9], [10], and [11]. 
The authors in [9], presented a framework for the automatic extraction of semantic content of a raw video and its 

storage in a Fuzzy Object-oriented database Management System. The database is capable of storing fuzzy information 
contained in a video. Users’ queries can be retrieved from the database via an interface. Similarly, [10] proposed a 
framework that integrates Fuzzy object-Oriented Database to a Fuzzy Knowledge base for video applications to handle 
data and semantic rules applicable to video database applications domains. In [11], a data cube representation for patient 
diagnosis system using Fuzzy Object-Oriented Database is presented in order to make information retrieval faster. 
 
6.2. Limitations of Fuzzy Object-Oriented Database (FOOD) Model 

FOOD model does not have a standard query language unlike the Fuzzy Relational Database model that has 
adopted SQL as its standard language [12]. The Fuzzy Relational database model seems to capture uncertainty in a more 
formal and better way.  

In order to integrate the strengths of Fuzzy Relational and Object-oriented Database models, [27] proposed a 
Fuzzy Object-Relational Database model which is a fuzzy extension of the basic Object- Relational Database construct. It 
takes advantage of the Object-Relational Database systems in order to manipulate, represent, store and retrieve fuzzy data 
irrespective of its complexity. 
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7. Conclusion 
Integration of fuzzy information in database models and approaches to handle them has been an ongoing research 

area in databases considering the complex and fuzzy nature of data.  Previously, research was majorly on relational 
models. However, the need to develop a model that could represent complex data with fuzziness came up. Fuzzy Object-
Oriented database has the capacity to represent complex data with imprecision. Fuzzy Object-Relational database has 
advantage over the precious models since it exhibits their attributes. With the rise of complex data from social media and 
other data sources, current research is being done in extending these models to handle more complex data. 
This paper gives an overview on various approaches that have been adopted in handling information imprecision with 
practical illustrations. 
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