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Abstract: With the manifestation and evolution of Internet, several new types of data have emerged (videos, images, audio 

files, documents…). These new types of data classed as unstructured are more and more used and exchanged between IT systems, 

therefore their exploitation in Business Intelligence (BI) systems will absolutely provide a gold mine of information that guar-

antee a better and rich decision-making. Unfortunately BI systems don’t consider this sort of data and they are still limited to 

classical data sources: structured as Relational data source and semi-structured as XML files. Many research works separate the 

treatment and the design of a data warehouse that involves heterogeneous sources in order to avoid any problems of data inte-

gration and storage. However, the need for an approach that gathers diverse data sources still present. In this paper we appeal 

Model Driven Engineering (MDE) to propose a meta-model that assemble and describe all sort of structured, semi-structured and 

unstructured data sources such as relational, multidimensional, XML and NoSQL databases. Models conforming this me-

ta-model will serve as an input for our BI process and for designing and modeling a data warehouse. 
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1. Introduction 

The BI process is a sequence of steps that leads to the 

preparation and the storage of data intended to deci-

sion-making. This process consists of three parts [1]: The 

System Of Records (SOR), the System Of Integration (SOI) 

and the third one is the System Of Analysis (SOA). The sys-

tem of records (SOR) contains the data sources that have to 

be included in the design of the data warehouse. Usually, the 

data derived from these data sources are structured or 

semi-structured. But unfortunately, the larger part of data 

scattered throughout the Web, which will certainly have a 

huge impact on decision-making, are not considered in the 

classical decisional paradigm [2] especially traditional data-

bases that become inadequate to support applications with 

unstructured data [18]. The system of integration (SOI) en-

sures the integration of data from its different sources. Its 

first goal is to establish the connection with the system of 

records (SOR), the second is to extract the data from their 

sources, and the third one is to carry out the sequence opera-

tions of transforming, formatting and cleaning data to avoid 

any kind of ambiguity and inconsistency that can come from 

the diversity and the heterogeneity of data types [3]. Finally, 

the main purpose is to load the aforementioned data into a 

data warehouse or data marts according to the architecture 

chosen beforehand [4-5]. The system of analysis (SOA) pro-

vides the components to be used and queried by applications 

and decision support tools. In this paper, we are interested in 

the system of records (SOR) and the structure of its data 

sources, which can be structured, semi-structured or unstruc-

tured. Thus, our goal is to take advantage of this diversity 

provided by Web applications and the traditional data sources 

to design an unified, integrated and valid data warehouse [5] 

that enables decision makers and managers to decide gradu-

ally with ease based on multiple and varied sources. For this 

purpose, we describe in this paper, using a meta-model based 

on Model Driven Engineering (MDE) [21], the structure of 

unstructured data that are managed by NoSQL databases 

(key-value, column-oriented [19], document-oriented and 

graph-oriented [20]), as well as the semi-structured data 

structure that are presented by the XML files, and the structure 

of the structured data stored and manipulated by the relational 

and multidimensional databases. Our work is organized as 

follows: In the first section, we present a meta-model de-
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scribing the four types of NoSQL database (column-oriented, 

key-value, graph-oriented, document-oriented). The second is 

devoted to the meta-model that exposes the components of 

multidimensional databases. The third is dedicated to the 

meta-model of relational data source. In the fourth section, we 

introduce the XML meta-model, and we present in the fifth 

section a generic meta-model that unites the previous me-

ta-models. Finally, we conclude our paper and we present our 

prospects for our future work. 

2. NOSQL Databases 

NoSQL databases have emerged to deal with the problems 

of storing and managing large quantities of data produced by 

objects connected to Internet and which become unmanagea-

ble by the traditional relational databases management sys-

tems (As proclaimed by the big players of Web: Yahoo, Am-

azon, Google, Facebook and Twitter) [6]. To solve these 

problems, the NoSQL databases propose four figures to im-

plement its solutions: 

(1) Column oriented 

(2) Key-Value  

(3) Document oriented  

(4) Graph oriented 

2.1. Column Oriented Databases 

A column-oriented database is a collection of data struc-

tured by rows, where the number of columns differs from one 

row to another instead of relational database where the num-

ber of columns is fixed. A column-oriented database consists 

of column families that resemble to the concept of a table in a 

relational database [7]. In fact, each column family include a 

set of rows each with a unique identifier, and each row receive 

a variable number of columns structured as "key/value". 

To describe the structure of columns-oriented database, we 

propose the meta-model below: 

 

Figure 1. Column Oriented database meta-model. 

The table below describes the main components of column-oriented database and their type: 

Table 1. Structure of Column Oriented databases. 

Entity Type Description 

OC_Table Meta-Class -Equivalent of a package 

OC_Column Family Meta-Class 

-Includes related objects 

-Equivalent of a table in RDB 

-Linked to OC_Table by a composition association «occolumnfamily » 

-An OC_Table can contain one to several OC_ColumnFamily 

OC_Row Meta-Class 

-Having a unique identifier « IDrow » 

-Linked to OC_ColumnFamily composition association « ocrow » 

-An OC_ColumnFamily can contain one to several OC_Row 

OC_Column Meta-Class 

-Structured on doublet (key ; value) 

-Linked to OC_Row by a composition association « ocrow » 

- An OC_Row can contain one to several OC_Column 

2.2. Key-Value Databases 

Data within a key-value database is stored and managed by the doublet key-value, where each key has its own value [7]. To 

describe the structure of a key/value database, we propose the meta-model below:  
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Figure 2. Key-Value database meta-model. 

In the table below we describes the components of key-value database: 

Table 2. Structure of Key-Value databases. 

Entity Type Description 

KV_Schema Meta-Class -Equivalent of a package 

Doublet Meta-Class -Consists of the double Key/Value linked to KV_Schema by a composition association 

KV_Key Meta-Class -Unique identifiant 

KV_Value Meta-Class 
-Each key is linked to a value (association) 

-Each value is composed of a Key / Value doublet 

2.3. Document Oriented Databases 

A document-oriented database is a collection of documents organized by hierarchy where each document is a doublet of 

key/value. In a document, the value can be a set of documents. This type of database is more adapted to the Web [6]. The fol-

lowing meta-model presents the structure of a document-oriented database: 

 

Figure 3. Document Oriented database meta-model. 

An overview of the structure of document-oriented databases is also presented in the table below: 

Table 3. Structure of Document Oriented databases. 

Entity Type Description 

Collection Meta-Class 
- Consists of a set of documents 

- A collection has a name 

Document Meta-Class 

- Basic unit of a document-oriented structure 

- A document has a name 

- A document has a hierarchical structure 

- A document is composed of the doublet Key/Value 

- A document has an identifier 

KV_Key Meta-Class 
- Label of a field 

- A key has a name 

KV_Value Meta-Class 
- Each key has a value 

- A value can be nested to one or more documents 
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2.4. Graph Oriented Databases 

Graph-oriented databases are the most widely used for network design (e.g. social networks) [8]. They consist of nodes and 

relationships. Each node has a property described by the doublet key/value. A node source is linked to a node destination by an 

information-bearing connection in the form of the doublet key/value as well. To describe the structure of a graph-oriented da-

tabase, we propose the meta-model below: 

 

Figure 4. Graph Oriented database meta-model. 

The structure of graph-oriented database is detailed in the table below: 

Table 4. Structure of Graph Oriented databases. 

Entity Type Description 

Graph Meta-Class 

-Equivalent of a package 

-A graph has a name 

-A graph consists of two to several nodes 

-A graph consists of one to several relations 

Node Meta-Class 

- A node has a name 

- A node can be a source or a destination or both at the same time 

-A source node is linked to a destination node by a relation 

- A source node can be linked to multiple destination nodes 

-A destination node has one and only one source node 

- A node has a property 

Relationship Meta-Class 
- A relationship has a name 

- A relationship has a property 

Property Meta-Class A property consists of the doublet key / value 

G-Key Meta-Class 
- Label of filed 

- A key has a name 

G-Value Meta-Class 
- Each key has a value 

- A value can be nested to one or more doublet (Key/Value) 

3. Multidimensional Databases 

The purpose of multidimensional databases is to support data analysis (OLAP) addressed to decision support, unlike relational 

databases that are dedicated to daily transactions (OLTP) of an entity [16]. BI systems aim to extract and transform data from 
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relational and other databases into data that can be presented and analyzed by decision-makers [14]. BI systems rely on data 

warehouses and data marts to store data under a dimensional schema (star, flake or constellation) that consists of a fact (or set of 

facts) which is the subject to be analyzed, this fact is associated with shared or specific dimensions that represent the axis of 

analysis [4]. We follow the meta-model proposed by Faten Atigui [9] in the following figure: 

 

Figure 5. Multidimensional database meta-model. 

For more details, we can follow the table below about the components of multidimensional database: 

Table 5. Structure of multidimensional databases. 

Entity Type Description 

Multidimensional_ Schema Meta-Class 

-Non-empty set of facts 

-Non-empty set of dimensions 

-Associates each fact with a set of dimensions [17]  

Fact Meta-Class 

-Represents the subject to be analyzed 

-Star and flake schema contains a single fact 

-Schema in constellation contains several 

-A fact has a name 

-A fact contains measures 

Mesure Meta-Class 

-A measure has a name 

-A measure is a numeric 

-A measure is submitted to aggregation functions 

Dimension Meta-Class 

-A dimension represents an axis of analysis 

-A dimension has a name 

-A dimension contains attributes 

-A dimension contains a set of hierarchies 

Hierarchy Meta-Class 
-A hierarchy has a name 

-A hierarchy consists of levels (Parameter) 

Parameter Meta-Class 
- A level has a name 

- A parameter represents the level of the hierarchy 

WeakAttribute Meta-Class 

-A weakAttribute has a name 

-A weak attribute completes the semantics of the parameters 

-Eventually an empty set 
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4. Relational Databases 

Relational databases are designed to respond to the transactional uses of an entity. In a relational schema, the data is repre-

sented by values in columns and rows of tables (Rule1, Codd) [10], these tables are linked by relations and managed by foreign 

keys. 

 

Figure 6. Relational database meta-model. 

Each row is identified by a primary key and represents an object that includes all information about columns, these values are 

from various types. Figure 6 above shows a meta-model of a relational schema and its components. 

5. XML Files 

XML is one of the most formats used and exchanged on Internet, its markup design allows structuring and representing in-

formation in the form of a tree. On the other hand, XML is the standard format for the exchange and the description of data 

(metadata for example, XMI), Therefore, XML data documents can appear everywhere [11]. An XML schema consists of the 

document's root element, which contains a set of structured elements as attributes/contents. The meta-model below proposed by 

the OMG [11], describes an XML document: 

 

Figure 7. Meta-model of XML Schema. 

6. Generic Meta-model 

The data sources are diverse and multiple, the description of 

their schemas will absolutely facilitate the steps that follow for 

designing a data warehouse with varied databases. To describe 

these data sources, we propose in Figure 8 a meta-model im-

planted and validated using the Eclipse Modeling Framework 

(EMF) platform [15]. This meta-model is generic because it 

presents and encompasses five meta-models of different data 

sources: The NoSQL database meta-model presented in Sec-

tion 1, the multidimensional database meta-model described 

in Section 2, the relational database meta-model cited in Sec-

tion 3, and the XML meta-model shown in Section 4. In fact, 

this generic meta-model provides an overview of the structure 

of the system of record (SOR) that appeal different data 

sources with different data schemas. 

In MDA (Model Driven Architecture) approach, the pro-

posed generic meta-model presents the PIM Conceptual 

(Platform Independent Model) which describes the structures 

of our data sources independently from any specific platform 

[12]. 

Our future data warehouse is going to take this schema as 

input and following a number of transformation based on ATL 

language [13] the result will be a single schema describing our 

data warehouse. We will choose as final schema of data 

warehouse one of the three models of Nosql databases, this 

choice gives us more advantages to our source ready to feed 

data marts. By respecting this process we will benefit from the 

variety and the volume of data stored and from the velocity of 

treatment of these data, thus will provide a rich, refined and 

rewarding analysis results that will help in decision-making. 
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Figure 8. Generic Meta-model of data sources. 
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7. Conclusion 

Our work is the first step to design a data warehouse based 

on a variety of data type. Our goal is to describe all data 

sources that can be taken to feed a data warehouse. Thanks to 

the generic meta-model proposed in this paper we have been 

able to describe all available databases schemas that can rep-

resent the system of records (SOR) of a decision-making 

system. In our next work, this meta-model is going to be 

submitted to a sequence of transformation using Model Driven 

Engineering (MDE) approach and the ATL language to solve 

the problems related to the data quality (formatting, redun-

dancy, Nullability ...) and the heterogeneity of the data sources. 

This is going to come in handy in the development of several 

meta-models describing different levels of abstraction. 
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