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Abstract: Virtually all modern, commercial database systems are based 
on the relational model formalized by Codd in the 60s and 70s and the 
SQL language which allows the user to efficiently and effectively 

manipulate a database. In this paper  we emphasize the 
interrelationships between the most common tools and components 
included in today’s database  systems: query language engines and on-
line analytical processing (OLAP) tools. 
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INTRODUCTION 
 

Today’s commercially available relational database systems now 
routinely include tools such as SQL database query engines, data mining 
components, and OLAP (Craig, et al. 1999; Scalzo, 2003; Seidman, 2001).  

Relational database systems have been the backbone of business  
applications for more than 20 years. Analytical and financial planning 
applications were increasingly moved out to separate systems for more 
flexibility and better performance. These systems are called OLAP (Online 
Analytical Processing) systems. In reality, parts of the planning process 
were even moved off to specialized applications mainly around 
spreadsheets. 

Modern, commercially available  relational database systems now 
routinely include a cadre of data retrieval and analysis tools. These tools 
allow developers to construct high powered business intelligence (BI) 
applications which are not only able to retrieve records efficiently but also 
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support sophisticated analyses such as customer classification and market 
segmentation.  

The OLAP system (based on relational theory) data is often 
organized in star schemas, where a popular optimization is to compress 
attributes (columns) with the help of dictionaries. After the conversion of 
attributes into integers, processing becomes faster. More recently, the 
use of column store databases for analytics has become quite popular. 
The key advantage of OLAP over relational database management 
systems (RDBMS) and ordinary tables is interactive browsing of 
multidimensional and hierarchical data, while OLAP can also facilitate 
data integrity checking and improve reporting. 

MATERIALS AND METHODS 
 

In 1985, database pioneer Dr. E.F. Codd laid out twelve rules of 
relational database design. These rules provide the theoretical (although 
sometimes not practical) underpinnings for modern database design. 
The rules may be summarized as follows:  

• All database management must take place using the relational 
database's innate functionality 

• All information in the database must be stored as values in a table 
• All database information must be accessible through the 

combination of a table name, primary key and column name. 
• The database must use NULL values to indicate missing or unknown 

information 
• The database schema must be described using the relational database 

syntax 
• The database may support multiple languages, but it must support at 

least one language that provides full database functionality (e.g. 
SQL) 

• The system must be able to update all updatable views 
• The database must provide single-operation insert, update and delete 

functionality 
• Changes to the physical structure of the database must be transparent 

to applications and users. 
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• Changes to the logical structure of the database must be transparent 
to applications and users. 

• The database must natively support integrity constraints. 
• Changes to the distribution of the database (centralized vs. 

distributed) must be transparent to applications and users. 
• Any languages supported by the database must not be able to subvert 

integrity controls. 

In this model a database table is a representation of a mathematical 
relation, that is, a set of items that share certain characteristics or attributes. 
Here, each table column represents an  attribute of the relation and each 
record in the table  represents a member of this relation. 

In relational databases the tables are usually named after the kind of 
relation they represent. Figure 1 is an example of a table that represents the 
set or relation of all the patients of a particular hospital. In this case the 
hospital tracks the total amount of money spent by its patients. 

Relational databases do not only allow for the creation of tables but 
also for the manipulation of the tables and the data within them. The most 
fundamental operation on a database is the query. This operation enables the 
user to retrieve data from database tables by asserting that the retrieved data 
needs to fulfill certain criteria.  
 

Id Pacient Vârsta Salon Copii Asigurat Cheltuieli  
7 Cristina 36 23 2 da 300 
......       
39 Marcel 42 45 0 nu 400 

 
Figure 1. A relational database table representing  

patients of a hospital 
As an example, consider the fact that the manager of hospital might be 
interested in finding out which patients have the value of costs more than 
100 RON. The following query returns all the patients from the above 
Patient table that spent more than 100 RON: 
 
SELECT * FROM Patient_TABLE WHERE Cheltuieli > 100; 
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This query returns a list of all instances in the table where the value of the 
attribute Cheltuieli is larger than 100. As this example highlights, queries 
act as filters that allow  he user to select instances from a table based on 
certain  attribute values. It does not matter how large or small the database 
table is, a query will simply return all the instances from a table that satisfy 
the attribute value constraints given in the query. This straightforward 
approach to retrieving data from a database has also a drawback if our 
hospital is a large one with tens of thousands of patients (or we talk about 
several hospitals). Our innate analytical capabilities are quickly 
overwhelmed by large volumes of data. 
 

In a typical relational database queries are posed against a set of 
normalized database tables in order to retrieve instances that fulfil certain 
constraints on their attribute values (Date, 2000). The normalized tables are 
usually associated with each other via primary/foreign keys. For example, a 
normalized database of our hospital with multiple hospital locations might 
look something like the database given in Figure 2. Here, PK and FK 
indicate primary and foreign keys, respectively. 

From a user perspective it might be interesting to ask some of the 
following questions: 
• How much did collects doctor A earn in January? 
• How much did collects doctor B earn in February? 
• What was their combined collects amount for the first quarter? 
Even though it is possible to extract this information with standard SQL 
queries from our database, the normalized nature of the database makes the 
formulation of the appropriate SQL queries very difficult. Furthermore, the 
query process is likely to be slow due to the fact that it must perform 
complex joins and multiple scans of entire database tables in order to 
compute the desired aggregates. 
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Figure 2. Normalized database schema for a hospital 
 

 
By rearranging the database tables in a slightly different manner and using a 
process called pre-aggregation or computing cubes the above questions can 
be answered with much less computational power enabling a real time 
analysis of aggregate attribute values – OLAP (Craig, et al., 1999; Kimball, 
1996; Scalzo, 2003). In order to enable OLAP, the database tables are 
usually arranged into a star schema where the inner-most table is called the 
fact table and the outer tables are called dimension tables.  

Figure 3 shows a star schema representation of our hospital 
organized along the main dimensions: doctors, assistants, patients  and time. 
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Figure 3. Star schema for a hospital database. 
The dimension tables give rise to the dimensions in the pre-aggregated data 
cubes. The fact table relates the dimensions to each other and specifies the 
measures which are to be aggregated. Here the measures are “tarif_total”, 
“taxa_spital”.  
 
 

RESULTS AND DISCUTIONS 
 

Figure 4 shows a three-dimensional data cube pre-aggregated from the star 
schema in Figure 3 (in this cube we ignored the doctor dimension, since it is 
difficult to illustrate four-dimensional cubes). In the cube building process 
the measures are aggregated along the smallest unit in each dimension 
giving rise to small pre-aggregated segments in a cube. 
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Figure 4. A three-dimensional data cube. 
Data cubes can be seen as a compact representation of pre-computed query 
results. Essentially, each segment in a data cube represents a pre-computed 
query result to a particular query within a given star schema. The efficiency 
of cube querying allows the user to interactively move from one segment in 
the cube to another enabling the inspection of query results in real time. 

 

CONCLUSIONS 

Modern, commercially available relational database systems now routinely 
include a cadre of data retrieval and analysis tools. These two tools 
complement each other and allow developers to pick the tool that is right for 
their application: queries allow ad hoc access to virtually any instance in a 
database; OLAP allows for real-time access to pre-aggregated measures 
along important business dimensions. 
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