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Abstract: —The massive collection of data that has been taking place in recent years, in multiple ways and at an 
unimaginably fast pace, has led to the need to store and retrieve information from both structured and semi-
structured or unstructured data. While the relational database model is widely used and provides efficient ways to 
organize structured data, manage it, and search for information through SQL commands, it has limitations and is 
not a suitable model for organizing and storing semi-structured data or data that lacks structure. This paper briefly 
presents the FDB  model, a NoSQL database model that provides flexibility in defining any database schema, 
overcomes the limitations of the relational database model, while at the same time offering the possibility of 
multilingual conceptual searches in the database data, utilizing the information derived from multilingual thesauri. 
This paper presents the architecture of the FDB model, the thesaurus management and conceptual search algorithms, 
the process of converting a relational database schema to the corresponding FDB database schema, the advantages 
of the model, the ability to host semi-structured databases, as well as conclusions and future directions.  
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1 Introduction  

A huge volume of data is constantly being generated 
from multiple sources, such as social media, mobile 
devices, sensors, cameras, etc. The format and the data 
type of the data vary depending on its nature and origin. 
In the literature, the term big data is used to refer to the 
huge and continuous accumulation of data of different 
types. Various definitions have been proposed for the 
term big data, which emphasize the fact that it is data 
that is very large in volume or complicated to analyze 
and manage with conventional methods, data 
characterized by great variety, variability and enormous 
size, data that is complex and it is necessary to use 
special methods to process and manage it [1], [2], 
[3],[4],[5]. 

The characteristics used to describe big data which 
are briefly referred to as the 5Vs, are a) Volume, b) 
Velocity, c) Variety, d) Veracity, and e) Value [2],[4] 
while other scientific reports focus on only the first three 
characteristics, the 3Vs [3]. Volume refers to the amount 
of data generated every second and is related to the size 
and scale of the data. Velocity refers to the speed at 
which data is produced, but it also concerns the time and 
delay in handling it. Variety represents the structural 
heterogeneity of different types and sources of data. 
Veracity describes the completeness, accuracy, and 
quality of the data and is related to its reliability and 
consistency. Value is about how important the data is. 
Unlike the previous V's that have more to do with big 
data challenges, the value is what organizations are 
looking for - business value - and focuses on the 
usefulness of data in decision-making. 

 
 
For the storage, organization, analysis, and 

management of data, its structure plays a crucial role. 
According to the degree of structure, data is divided into 
structured, semi-structured, and unstructured. Structured 
data management and representation are done in a strict 
and well-defined way using a data model, mainly the 
relational model. In semi-structured data, the structure 
can be partial, undefined, or determined by the data 
itself. In unstructured data, there is no information or 
very little information about the format and data type. 

The relational data model was proposed by Codd, 
and it is based on mathematical foundations but has its 
own terminology [6]. The relational model is the most 
established in the field of databases, and it is ideal for 
structured data management. The 4th generation 
language, SQL, is used for defining and manipulating 
relational databases. The major disadvantage of the 
model is that any change or addition of new 
requirements to the database takes time, as the changes 
require modifications to the database schema.  

The relational data model is not the ideal model in 
the case of semi-structured and unstructured data for 
which NοSQL databases are appropriate. In the modern 
era of big data and cloud computing, applications require 
database technologies that allow quick and easy 
database schema scalability, a capability that non-
relational databases offer.  NoSQL refers to Not Only 
SQL databases and provides a mechanism for storing 
and retrieving unstructured, or non-relational, data. 
These databases do not require a predefined table format 
and are horizontally scalable while allowing the 
coexistence of relational and non-relational databases. 
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They are designed to ensure automatic data distribution 
and fault tolerance. 

In NoSQL databases, the data model is simple, the 
database schema is not fixed, and there is the possibility 
of scalability by dynamically adding new properties. 
They are reliable and support distributed environments 
with high availability. For this reason, Google, 
Facebook and Amazon, eBay, and others use NoSQL 
environments as their main databases [7]. 

The types of NoSQL databases that have been 
developed over the years are [7], [8], [9]: 

Α) Document-Oriented Databases (DOD): Store data 
in documents and encapsulate them using a standard 
internal format. The document model (Figure 1) can be 
considered a superset of other data models. It is used 
mainly for storing data in XML, JSON, and BSON type 
files. MongoDB [10], Apache CouchDB [11], 
Terrastore [12], OrientDB [13], and Amazon 
DocumentDB (with MongoDB compatibility) [14] are 
examples of document-oriented databases.  

 
Fig. 1. Document model source: [15] 
  

B) Key-Value databases (Figure 2): It is among the 
most popular NoSQL databases. They provide 
mechanisms for storing data as pairs (key, value) across 
multiple servers. Amazon DynamoDB [16] is an 
example of key-value database. 

 
Fig. 2. An example of data stored as key-value pairs  
source: [17]  

C) Column-oriented databases (Figure 3): Data is 
represented and stored in the form of column families. 
Apache Cassandra is an example of a partitioned wide-
column storage model. It is an open-source distributed 

NoSQL database and it was initially designed for 
Facebook [18]. 

 
Fig. 3. Column-oriented vs row oriented database 
source: [19]  
 

D)  Graph Databases (Figure 4): They facilitate the 
storage of entities (or nodes) and the connections or 
relationships between them. OrientDB [13], Neo4j [20], 
and ArangoDB[21] are examples of Graph Databases.  

 

 
Fig. 4. A graph database  using nodes and relationships 
source: [22]  
 

Several of the above NoSQL databases, like 
OrientDB, are multi-model and support graph, 
document, key-value, etc models. 

The next section briefly presents the Framework 
DataBase (FDB) model, a set-theoretic data model that 
overcomes the limitations of the relational data model as 
it suggests a universal schema that allows the evolution 
of the logical schema of any database without affecting 
the data already existing in the database and provides the 
possibility of conceptual searches through its 
multilingual thesauri. 

 
 

2 The FDB model  
The Framework Database (FDB) model (Figure 5) is 

a set-theoretic model that supports dynamically evolving 
Database environments [23]. It is based on a fully 
parametric structure that allows modifications to any 
database schema to be managed without requiring 
modifications to the existing universal schema of the 
framework. FDB is based on a unified and universal 
schema that can host any database. The basic structural 
components of the FDB model are based on the 
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mathematical theory of unordered sets and consist of 
[23]:  

a) frame entity: the unordered set of entities that 
participate in the logical schema 

b) frame object: a set of all frame entities’ objects  
c) Tag: the set of attributes that describes a frame 

entity.  
d) subtag: the set of simple atomic attributes that 

constitute existing complex tags 
e) domain, which is used to define the set of all data 

domains 
f) language, message, vocabulary: sets of strings that 

are used to define languages and corresponding 
messages 

The definition of any FDB database is carried out by 
specifying the appropriate metadata, while the changes 
that may occur in the schema do not affect the existing 
structure (the universal schema), but concern the 
definition of the corresponding metadata. Thus, FDB 
offers a suitable and flexible database management 
environment. The universal schema of FDB allows the 
definition of any database by defining the appropriate 
metadata.  

Additionally: 
- It is possible to dynamically define objects without 

requiring reorganization of the logical schema. 
- Objects with a variable number of fields (tags) and 

subfields (subtags) can be managed. 
- Variable-length fields and subfields can be defined.  
- Repeated fields and subfields are defined in a 

controlled way.  
- Relationships between entities are supported.  
- Redundancy of data is avoided, as well as the use 

of "null" in fields and subfields.  
- Multilingual databases can be defined at both the 

data level and interface level. 
Within the framework of the FDB model, one or 

more multilingual or monolingual thesauri can be 
defined, which can then form the basis for the 
implementation of conceptual searches in the FDB 
Databases [24]. With this feature, the FDB model 
provides the ability to perform searches both in the 
traditional way using keywords, as well as conceptual 
searches through multilingual thesauri. 

Three thesaurus administration algorithms have been 
proposed for the FDB model: The first algorithm 
automatically correlates the FDB database frame objects 
(records)  with terms derived from the thesaurus(s). The 
association of the records of a database with thematic 
terms allows the enrichment of search queries in the 
database with new terms derived from the thesaurus(s), 
achieving efficient conceptual searches. The correlation 
of the database frame objects with thesaurus terms is 
carried out to enhance searches in an FDB database, as 
it allows the enrichment of search queries in the 
database, with new terms derived from the thesaurus(es), 
achieving efficient conceptual searches. The second 
algorithm is used to enrich an existing thesaurus with 
terms derived from the FDB database, and the third one 

allows the creation of a set of terms that could form the 
core for a new thesaurus.  

In conjunction with the correlation of the FDB 
database records (frame objects) with terms derived 
from multilingual thesauri, an advanced conceptual 
search algorithm is provided by the FDB model that 
allows queries to be enriched with synonyms, related 
terms, broader terms, or narrower terms derived from the 
FDB multilingual thesauri. At the same time, the 
algorithm allows the exploitation of opposite terms to 
limit the search results to records that are not relevant to 
what is being searched for. [25] 

 
Fig. 5. The FDB model source: created by the author 

The purpose of the current research is to present the 
process of converting a relational database into an FDB 
one. The steps that should be followed are presented in 
the next section. 

 
 

3 Converting a relational database to 

the corresponding FDB one  
As already mentioned above, the relational data 

model is widely used for the organization and 
management of structured data in an organization, and 
the SQL query language is used for performing queries 
in any relational database. The relational data model has 
many advantages, but also several limitations that were 
mentioned above. The FDB model is a NoSQL data 
model that overcomes the limitations of the relational 
model and provides the ability to define any multilingual 
database using the appropriate metadata. In addition, it 
offers the possibility of performing conceptual searches 
using the information provided by multilingual thesauri 
that can be defined in the same integrated FDB schema. 
The process of converting a relational database to the 
corresponding FDB can be summarized in a set of 
specific steps. 

All the information that guides us through the 
process of converting a relational database schema to its 
corresponding FDB one is provided by the relational 
database data dictionary. The relational database 
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dictionary, often called the data dictionary, is a set of 
metadata that provides information about the structure 
and organization of a relational database schema. The 
data dictionary describes all the database objects starting 
from the tables (relations), the fields they consist of, the 
data type of each field, the primary key of each table, 
any foreign keys, as well as any field constraints. 

The basic steps of the conversion are numbered 
below: 

1. An entity must be defined in the FDB model for 
each separate relational table. The entities that 
should be defined at the beginning of the 
conversion process are the tables for which there 
are no foreign keys.  

2. For each field of each table, a new TAG must be 
defined, as well as its properties: data type, 
length, if it is mandatory, repeated, and if it refers 
to the TAG of another entity, in case it is a 
foreign key. 

3. Finally, foreign keys are also defined in the 
AUTHORITY_LINKS object.  

The conversion algorithm that follows takes as input 
the description of the relational database schema 
provided by the data dictionary and, as processing 
proposes the creation of metadata in the appropriate 
objects of the FDB model. A new element 
(RDBToFDB_Dict) is used to store the name of each 
table from the given relational database and the 
corresponding entity number it receives during the 
conversion, as well as for each field, the table name and 
the field name, along with the entity number and tag 
number it receives during the conversion. 

Algorithm RDB_To_FDB 
// input T(ables), F(ields), C(onstraints) in data 

dictionary 
For each t ∈ T //for each table in the relational 

database  
 Create an entity e in the ENTITIES object 
 For each  f ∈ F //for each field of table t 
     Create a TAG in TAG_ATTRIBUTES 
      // update of RDFToFDB dictionary 
     Set RDBToFDB_Dict.table_name= t 
     Set RDBToFDB_Dict.entity_number= e 
     Set RDBToFDB_Dict.field_name= f 
     Set RDBToFDB_Dict.TAG_number= t1 
     // update of TAG_ATTRIBUTES 
     Entity=e  //the entity that the TAG belongs is 

e   
     TAG= t1  //a new tag number 
     If f is mandatory, then  
  t1.Occurrence = M 
     Else  
  t1.Occurrence=O 
     End if  
     If f is repeatable, then  
  t1.Repetetion= Y 
     Else  
  t1.Repetetion=N 
     End if  

     If f is a Foreign Key  then  
  t1.Authority= Y 
  Insert a row into 

AUTHORITY_LINKS: 
  From_Entity = e  
  From_Tag = t1  
  To_Entity = e2 //entity number of 

related table  
  To_Tag = t2  //tag number of related 

field 
     Else  
  t1.Authority=N 
     End if  
 End Loop //For each field 
 End Loop //For each table 
// data transfer  
For each t ∈ T // for each table in the relational 

database 
 For each  f ∈ F //for field of table t 
 Get entity and TAG number from 

RDBToFDB_Dict  
 INSERT INTO FDB TAG_DATA object  

- entity_number 
- TAG number 
- Language 
- Data 
End Loop 

End Loop 
The above algorithm describes the process of 

converting the logical schema of a relational database 
into an FDB database schema, as well as the process of 
importing data into the new FDB database, which can be 
done seamlessly if there is a mapping list of relational 
tables - FDB entities and relational table fields – FDB 
TAGs.  

When importing data into the FDB, the language of 
the data is also specified, while in the case of 
multilingual databases, this specific property 
distinguishes in a very simple way the data records of 
each different language.  

In Figure 6 it is presented the data frame object with 
the frame object number 1, which stores in the FDB 
model the title (Digital Design and Computer 
Architecture), the abstract (Graduate-level courses …), 
and the author (David Harris) of a book. The frame 
object is in English (EN) and the FDB model allows the 
storage of the corresponding information regarding the 
specific book in other languages, e.g., in Greek (GR). 
The figure also denotes that the specific book is also 
related to three thesaurus terms (thesaurus term object 
numbers 1,3, and 8).   
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Fig. 6. Multilingual database instance in the FDB 
model source: [24] 
 

During the conversion process, the 
RDFToFDB_Dict object is gradually updated by 
mapping relational tables and fields to FDB frame entity 
numbers and TAGs. The importance of this specific 
information is great both when defining the metadata of 
the FDB database and when transferring the data from 
the relational to the FDB database.  

The complexity of the above conversion algorithm is 
linear, O(n), when n is the number of relational tables, 
as it depends on the number of tables in the relational 
database. 

In the case of semi-structured data, the information 
that may exist about any structure and organization of 
the data, which is found within each data file, is 
important. Both the structuring of data in JSON files and 
in XML ones provide information about their structure 
through the appropriate tags: records and data fields. In 
the case of XML files, useful information is also 
provided by the XML Schema and can be used in the 
process of converting XML semi-structured data into 
FDB databases. 

 
 

4 Conclusions  
The relational data model has prevailed in the field 

of databases and is suitable for managing structured 
information and organizing data in relational databases. 
SQL query language is a standard and effective way to 
retrieve any information from relational databases. 
However, the relational data model has many limitations 
and lacks flexibility, a characteristic that is necessary, 
especially in the modern era, where huge volumes of 
data are collected in multiple ways and at very fast rates, 
either through the information systems of organizations 
or through social media, IoT devices, cloud services, etc. 

The current research briefly presents the FDB model, 
a data model that does not have the limitations of the 
relational data model, and provides a universal schema 
that allows the definition of any multilingual database as 
well as any multilingual thesaurus. The FDB model 
provides advanced algorithms for the management of 
multilingual thesauri, the automated linking of data 
frame objects (data records) with terms derived from 
conceptual thesauri, as well as the possibility of 
conceptual searches through the thesauri. This paper 
presents the process of converting a relational logical 
database schema into an FDB one, as well as explores 
the possibility of storing semi-structured data from the 
JSON and XML formats in the FDB. Any change to the 
logical schema of the database in the FDB is only 
equivalent to defining the appropriate metadata while 
not affecting the data already stored in the database. At 
the same time, the ability to effectively organize 
multilingual data and perform conceptual searches on it 
provides a powerful and flexible environment for 
managing any database. 

Further study is required to determine the algorithm 
for converting semi-structured databases to FDB, as well 
as to address specific issues related to semi-structured 
databases. 
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