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Abstract. In this paper, we propose a novel database design structure that can
deal with all the aspects of the complexity of data that has to be managed, using
the concepts of defining objects in object oriented programming (OOP). As well,
we create a set of procedures in database system that allows us to manage all type
of data, without knowing the structure of the database. The creation of the data‐
base structure, also the mechanism of inserting and retrieval the information is
made by using a metadata set of information.

The major benefit of the proposed approach is that we can use a relational
database management system (RDBMS), that can assure ACID (atomicity,
consistency, isolation and durability) principles, low cost management and quick
development based on metadata structure. The main advantages of our approach
comparing with NoSQL database system is that we preserve ACID properties of
the information and comparing with NewSQL is that the cost of the projection of
database structure and management of the system is much lower.

Our proposed system is functional and can manage very large amount of data
from heterogenic sources that can be managed by companies without a lot of
know-how.

Keywords: Databases · Data logical models · Relational models · Object-
oriented models

1 Introduction

How to manage big quantities of dataset with a high rate of changes from heterogeneous
sources and preserve in the same time ACID (atomicity, consistency, isolation and
durability) principles of database systems is a question that each of us has to deal with.

Most of the applications used by companies to manage their data use relational data‐
base management systems (RDMSs) and this fact will remain for the next years, even
though database management systems (DMSs) are evolving very fast. On the other hand,
data structure, are changing often and the number of data sources needed to be used by
companies to remain competitive are rising every day. This is the reason why we create
this new approach in order to retrieve and manage information datasets.
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The evolution of database management system capabilities is a clear indicator of the
existence of necessity of finding mechanisms for structuring information. Databases are
defined by Frawley [7] as collections of data integrated into one or more files, organized
to facilitate the storage, change, query and retrieval of information relevant to users
needs. Frawley estimated that global information generated will double every 20 months
and the size and number of databases will grow even faster, see for more information
[7]. Coltri believes that the database is one of the areas with the most important devel‐
opments in software engineering [19].

In the last period, librarianship has developed and implemented a suite of standards for
information management, and for ensuring the sustainability of stored information. We
will mention few of these standards used for resource description: BIBFRAME - Biblio‐
graphic Framework Initiative [8], EAD - Encoded Archival Description [9] EDTF -
Extended Date/Time Format, MARCXML - Machine-Readable Cataloging XML [10],
MODS - metadata Object Description Standard, but there are standards for digital
resources, such as PREMIS - Preservation metadata or METS - metadata Encoding and
Transmission Standard [11]. These standards can be extended in order to be used in other
areas.

As is shown by Rokitskii [5], object oriented models are data logical in their essence
but, at the same time, since object oriented models are formal, they allow one to specify
formal constructions of data, formal relations between them, and formal operations on
them. Object-oriented modeling has been already used at the interface level of three-
level architectures of database management systems (DBMSs) and also at the conceptual
level of design. In contrast to object-oriented tools occupying a rather large segment of
the market of creation of application programs at the present time, the market of object-
oriented database management systems has a low acceptance in small and medium
business software. Based on this premises, Rokitskii [5] used relational database
management systems (DBMSs) in order to create a data structure model based on object-
oriented principals. For more information, see [5].

Vysniauskas and Nemuraite in [6] have presented a solution for a problem that has
arisen from practical needs: namely, possibilities for storing ontological information and
processing this information by user applications. For this purpose, they used relational
database (RDB) considering that it is a good candidate that has proven capabilities to
cope with large amounts of data. Methodologies for transforming entity relationship and
object-oriented conceptual models to relational database structures are well-established
and implemented in their tools.

Ontology Definition Metamodel, initiated by OMG, is seeking to define transfor‐
mations between OWL, UML, ER and other modelling languages, where Simple
Common Logic is chosen for definition of constraints. On the base of existing method‐
ologies, there are some possible ways to relate ontological information described by
ontological language, with relational schemas. For more information, see [4].

In this paper we present a novel solution of structuring the information in a relational
database system. Our approach is using concepts from library standards and object
oriented programming, and is totally different from previous studies.
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The aim of this paper is to describe an innovative approach that combines informa‐
tional standards from librarianship field with object oriented programming techniques
in order to manage financial and contact information of possible partners or clients.

2 Defining the Concepts Used for Solving this Problem

2.1 Library Standards for Defining Information

MARC (Machine Readable Cataloging) is currently the most widely used standard for
storing and exchanging bibliographic records. Evolution of MARC standard has a
history of more than forty years. MARC, is basically a concept for structuring and inter‐
changing of information which evolved separately from concepts of management
systems databases. Even if it is a standard with a high degree of use in libraries, it does
not solve all problems arising from the rapid evolution of data structures and quantity
of existing information.

The structure of the information in MARC format is a linear one, each type of infor‐
mation stored is defined by a set of metadata composed from a set of three numerical
characters that defined field, an element represented by a character alphanumeric that
represents subfield and field label to define the meaning of this field subfield tuple [16].
The information can be stored in field or in a subfield. Basically, if you want to specify
the author of a work, the information that will identify metadata is filed 100, and the
corresponding value will be written to the right of this metadata, in subfield a, as you
can see in Fig. 1.

Fig. 1. A bibliographic record represented in MARC and FRBR model
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If there is repetitive information for a given metadata field, we will add a new meta‐
data representing information and the corresponding value. If a subfield is repetitive, $
separator will be used followed by subfield name to write repetitive set of values. The
maximum number of characters that can be stored in a field or subfield, of MARC
standard, is 999 characters.

MARC standard has proved that are some inconvenient in information management:

– The number of fields and subfields are insufficient to encapsulate all type of infor‐
mation needed to be represented;

– Fields and subfields containing a large amount of information are not possible to be
managed;

– Special characters can generate errors in automated process.

Based on this fact regarding MARC standards, MARCXML standard was developed.
This standard representation of information eliminates previously existing limitations
in storing large amounts of information in a single subfield or storing special chars.

This linear way of defining information within a bibliographic record cannot solve
all situations generated by evolution of information needed to be stored, ensuring
sustainability of the concerned information with minimal redundancy, but allows a
semantic presentation of the information stored on this structure [3]. In this sense, to
solve the aforementioned issues, IFLA - International Federation of Library Associa‐
tions and other institutions have proposed and developed FRBR - Functional Require‐
ments for Bibliographic Records, which adopts a description of hierarchical information
in order to increase the level of granularity and to allow better information reuse.

2.2 Representing Information Structures Using FRBR Model

FRBR [2] reduces the number of descriptive elements at record level, but significantly
increases the number of records that can be described in separate facilities, as is shown
in Fig. 2. The linear model description of records in MARC standard is converted into
a hierarchical model in FRBR model, and this model can be mapped to object oriented
information, but this aspect will be treated in the next chapter.

Clearly, in FRBR representation there are few shortcomings [12], because the aim
of defining FRBR was to reduce the cost of classical description of bibliographic
resources, but has left aside other aspects such as:

– Prioritizing information at field level;
– Repetitive order of subfields repetitive not standardized;
– Another important aspect is related to the description of records or parts of records

in a different language.
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Fig. 2. Representing relations in a record FRBR

3 Problem Solution Using Metadata Definitions

Next we will define a complex informational structure using relational database manage‐
ment systems [18] that is easy to be managed and we will show how to combine the
expertise gained by the team members in librarian bibliographic standards [1], relational
database management systems and object-oriented programming [17].

Object-oriented programming (OOP) refers to a type of computer programming
(software design) in which programmers define not only the data type of a data structure,
but also the types of operations (functions) that can be applied to the data structure.

In this way, the data structure becomes an object that includes both data and func‐
tions. In addition, programmers can create relationships between one object and another.
For example, objects can inherit characteristics from other objects [15].

OOP concepts allow the development of simple and effective solutions to many
problems, enabling software programming complexity decreased, but improving the
quality of the solutions obtained [14].

MARC standard with the list of fields and subfields can be associated with linear
programming where we can manage, perhaps hundreds of variables and procedures, but
increasing their number can generate unmanageable situations. Obviously, the continued
growth of the types of records required to be described will generate situations hard to
be manage in a linear structure.

Managing complex informational structures without the risk of losing information
and in the same time providing tools for easy information retrieval, it is not an easy task,
and this is the reason why we define a normalized information structure, using MARC
definitions and concept of structuring objects specific to object oriented programming,
that allow us to have an easy information management.

The MARC structure, which according to Fig. 1, is defined as linear way of defining
information was mapped into a structure on three levels as we will describe in what it
follows.
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The first level defines the uniqueness of registration, and a set of adjacent properties.
This level is equivalent in object-oriented programming with class variables defined at
class level, each record in the database consist in an instance of this class.

The second level consists in the definitions MARC fields, their names having a fixed
length of three characters and values between 001 and 999. Each field has clear defined
meaning, and the meaning of the fields is grouped for easy identification. This level is
equivalent with methods from object oriented programming.

The third level is defined by subfields, that have a fixed length that consists in one
character that has values between a–z and 0–9. Most of the information is stored at
subfield level. There are only a few fields that store information, the remaining fields
representing the relationship between subfield and record level. This concept allows an
easy way to define 1:n and n:m relations. These subfields represent in object oriented
programming the variables defined inside methods.

The principle of defining the database structure for the example above is shown in
Fig. 3. Since the number of tables and relations between tables is too big to be exhaustive
represented here, we represent those elements that are representative for the principles
shown before.

Fig. 3. OO information mapping using MARC fields

This concept has as starting point librarianship and information science, and concepts
specific to object-oriented programming, which were used to define a metadata structure,
which automatically generate data structures necessary through stored procedures. The
result is that any user can manage all this data structure and information stored in without
knowledge of database management or knowledge about standard query language, the
entire process of defining and extending the database structure is based on the metadata
definition.
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Basically, we defined a set of tables in the database that store all metadata we need
to generate: structures of tables, fields, data types, restrictions and relations between
them. Based on triggers, when changes are made on these tables the appropriate oper‐
ation for adding, modifying or deleting tables and relations between them are generated.

Similarly, when we interrogate the database we shall use a single stored procedure
with the list of required parameters to be entered, such as the list of fields needed, the
list of conditions to be fulfilled and other optional parameters.

It does not matter if you want to take information about a person, a task list, employ‐
ment or any other information, you can always call the same procedure, without needing
to know the database structure.

This model is implemented using MySQL database system, a system that allows
storing sufficient quantities of information at the level of TB or PB, with the possibility
of clustering. The concepts defined in this material may be used for other database
systems. The reason for choosing this database system is the ability to achieve rapid
transition from SQL to NoSQL [13] using schemas. For further studies we intend to
compare our results with other NoSQL database systems and also, to map our structure
to some web ontology language (OWL) [6].

4 Preliminary Results

We took in consideration datasets provided by http://data.gov.ro, a governmental
website, that offers information under licensed distribution OGL-ROU-1.0, which
allows the collection, processing and distribution of this information without any
warranty. Now the website contains 669 sets of structured data in 16.770 files structured
in various formats and informational structure.

In order to highlight the innovative concept presented in this article, we took infor‐
mation about Romanian companies in a set of years (2016, 2015, 2014 and 2013). Each
set of data has source files consist of six separate documents structured as CSV (comma
separated values) format, the content of this files is different.

Also, in order to check the entire functionality of the mentioned concepts we have
taken information about companies in Romania, from other public governmental sites,
to ensure the heterogeneity of information. Data source in this case was in html format,
retrieving information was performed using XPath.

The implementation process has required the following steps:

– Defining the structure based on information provided by the documents published on
the website data.gov.ro and information retrieved from other websites;

– Identifying other sites that provide information about public companies;
– Extension metadata structure to embed this new information;
– Taking information from files provided by data.gov.ro;
– Generate the automation to extract relevant data from HTML (Hyper Text Markup

Language) files;
– Insert datasets into database structure using stored procedures specialized for this

operation.
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The metadata information defines 41 fields and a total of 89 subfields. The next figure
shows on the left side the list of fields defined in this metadata structure and the type of
information that can be stored at field level, with length limitation if it is needed and on
the right side, the list of subfields defined for the filed selected (Fig. 4).

Fig. 4. Field and subfield metadata definition

Metadata set allow to define if a field or a subfield is active or not, based on this
information, stored procedures will allow or not to insert information in field or subfield.
We also define if a subfield is repetitive or not, how many times it can be repeated,
maximum length of information stored in it, if the value stored in a field subfield tuple
is entered by user, or is generated based on some automatic procedures specific to each
data structure.

This metadata structure defines if a field or subfield value should be validated by a
regular expression and if this validation does not pass what will be the results returned
to user. Validation rule can send to user an info note that this information does not respect
the rules defined, a warning, or can generate an error message and reject the insert or
update operation.

Each field or subfield can have different data source information. For example,
subfield CAEN code (activities classification) has as source a dictionary of values, based
on fact that CAEN code is a predefined list. The owner of the company represents an
authority information, which means that behind that name is a complex structure that
respects the same principals. The owner company name is an authority structure because
we can add another information about the owner, like contact information. The
complexity of this information can be extended based on new data source information
that we find. Link data source represents a connection to another data set from the same
structure. For example, if a company is connected to another, we can represent this by
using the link data source.

After the insertion process in database based on metadata that define the entire struc‐
ture the result is 1.738.053 companies from Romania with contact information and main
financial indicators from the last eight years.

To obtain the list of companies that exists in database we use the next stored procedure:
marc_select_advanced_fast('b2b', 'rou', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', '', 

'', '', '', '', '', '', '', '', '', '', '', '200a,010a*,210j,210l,220b,220a,212a*,217a*', '', '27', 
'539973', '', '', '');
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The parameters set in this example show object type referred, in this case ‘b2b’; also
if a record it is stored in more languages it allows us to select the preferred language,
values from list of field subfield tuples that will be returned, data offset is 539.973 and
the number of results is 27. Parameter ‘*’ after field subfield tuple means it will return
all values if a field subfield tuple is repetitive.

If we want to find all the companies from Bucharest that have a mobile phone and
email address in database, we will use:

CALL marc_select_advanced_fast_count('b2b', 'rou', '', '', '', '', '', '', '', '', '', '', '', '', '', '', 

'', '210j', 'b', 'Bucure ti', '', '212a', 'b', '07', '', '217a', 'c', '@', '', '', '', '', '', '', '', '', '', '', '', '', '', 
'', '');

5 Conclusions

In this paper, we consider the problem of defining a complex database structure, based
on premises that the input data are provided by heterogeneous sources and sources are
changing the information provided often.

We defined a set of metadata that generates entire data structure using relational data‐
base management system and the set of stored procedures that allow us to manage the infor‐
mation stored in this data structure without needing to know the internal structure.

Some important features of this concept:

– Capability of generating complex data structures only using a metadata definition
– Data management using only one stored procedure to insert any type of data
– Data search and retrieve using one stored procedures
– Structure management based on metadata definition

Implementation of this concept was made using a large amount of data from heter‐
ogeneous sources.
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