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Abstract 

This module shows the theoretical background of the databases. You can read about the database models, the 

design of the relational databases and a preview of the most popular database server solutions. 
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Chapter 1. The kinds of the database 
servers 

1. 1.1 Introduction 

This module shows the theoretical background of the databases. You can read about the database models, the 

design of the relational databases and a preview of the most popular database server solutions. 

This module is the first of a series of seven modules about the open source solutions of geographical databases. 

2. 1.2 Database models 

2.1. 1.2.1 Hierarchical and network models 

The hierachical model uses a hierarchical, tree-like model for data storing. The hierarchical model can represent 

1:N relatonship among the stored data. 

The Windows Registry is a hierarchical database for storing the configuration data of a Microsoft Windows 

operating system. The Microsoft Active Directory and the Novell eDirectory also have a hierarchical database 

environment for storing the configuration data of a domain of the computers. 

The XML files may be considered a hierarchical database. 

The network model uses data records, which may have more parent records. (The data records of the 

hierarchical databases have only one parent record.) The network modul can represent N:M relationship among 

stored data. 

2.2. 1.2.2 Key-value pair databases 

The associative array is a very useful tool in high-level programming languages. This is an abstract data type 

based on the key-value pair model. An associative array has two datasets: the key dataset is a unique dataset, 

and the value dataset. We can index the associative arrays by the keys, same as the index numbers of the normal 

arrays. 

The associative arrays may be stored in a local file or a server. These associative arrays may be the database 

environment of a system. These days the key-value pair base database solutions are very popular in the data 

environment of the big internet applications, because these databases have good scalability in distributed storage 

solutions. 

2.3. 1.2.3 Relational model 

Most database applications use the relational model. A relational database consists of relations. The relation is 

an unordered set of tuples, which have the same type. 

The graphical representation of the relation is a table, the tuples are the rows of the table. The columns contain 

different attributes of the same data types (for example the name of a person or the mass of a car). The data 

types typically are number, character, date or logical types. 

The relational database contains several tables (relations). A table may join to another table by stored data. 

3. 1.3 Theory of the relational databases 

3.1. 1.3.1 Functional and multivalued dependency 

A functional dependency occurs when one attribute in a relation uniquely determines another attribute. The 

symbol of the functional dependency is an arrow. A → B means: B is functionally dependent upon A. 
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For example personal id → name of the person or registration number of the car → type of the car. 

If all the other attributes are functional dependent upon a set of attributes (call K) and K doesn't contain the 

same subset twice, we say K is a candidate key of the relation. 

The multivalued dependencies describe the 1:N or N:M relation. We can write A->>B, when more B values are 

dependent upon A. 

For example student id ->> subject or owner id ->> registration number of the car. 

3.2. 1.3.2 Normalisation 

The aim of the normalisation is to remove redundancy from a data set. The normal forms are sets of 

conventions, which may be fit by the database scheme. Normal forms inhibit logical inconsistencies and 

anomalies. 

The conventions of the first normal form (1NF or Minimal Form) (Date, 1999): 

Every row-and-column intersection contains exactly one value from the applicable domain (and nothing else). 

All columns are regular (i.e. rows have no hidden components such as row IDs, object IDs, or hidden 

timestamps). 

The second normal form (2NF) contains all conventions of the first normal form, and only if all its non-prime 

attributes (attributes which are not element of any key) are functionally dependent on every candidate key. 

The third normal form (3NF) contains all conventions of the 2NF, and does not contain dependencies between 

the non-prime attributes. 

The Boyce-Codd normal form (BCNF) contains all conventions of the 3NF, and does not contain dependencies 

between a subset of a key and another prime attribute. A 3NF table which does not have multiple overlapping 

candidate keys is guaranteed to be in BCNF. 

The fourth normal form (4NF) deals with the multivalued dependency. A table is in 4NF if and only if, for every 

one of its non-trivial multivalued dependencies X → Y, X is a superkey that is, X is either a candidate key or a 

superset thereof. (Date, 1999) 

A table is in fifth normal form (5NF, or project-join normal form, PJ/NF) if and only if every join dependency in 

it is implied by the candidate keys. 

4. 1.4 Relational database servers in practice 

4.1. 1.4.1 Oracle DB 

The Oracle DB is a very popular database software developed by the Oracle company. The last version is the 

11g, which is available in different editions. 

“Oracle Database 11g Release 2 Enterprise Edition delivers industry leading performance, scalability, security 

and reliability on a choice of clustered or single-servers running Windows, Linux, and UNIX. It provides 

comprehensive features to easily manage the most demanding transaction processing, business intelligence, and 

content management applications. 

Oracle Database 11g Standard Edition is an affordable, full-featured database for servers with up to four 

sockets. It includes Oracle Real Application Clusters for higher availability, provides enterprise-class 

performance and security, is simple to manage, and can easily scale as demand increases. 

Oracle Database 11g Standard Edition One is an affordable, full-featured database for servers with up to two 

sockets. It provides enterprise-class performance and security, is simple to manage, and can easily scale as 

demand increases. 
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Oracle Database 10g Express Edition (Oracle Database XE) is an entry-level, small-footprint database based on 

the Oracle Database 10g Release 2 code base that's free to develop, deploy, and distribute.“ 

(http://www.oracle.com/) 

4.2. 1.4.2 DB2 

“The DB2 is the database server application of IBM. This is the first database server that has used the SQL 

language. The last version has native implementation of XML storage and support the XQuery language for 

queries with XML result.” 

(http://www.ibm.com/software/data/db2) 

4.3. 1.4.3 MsSQL Server 

The MsSQL Server is the database server application of Microsoft. 

The last version is the Microsoft SQL Server 2008 R2. 

(http://www.microsoft.com/sqlserver/) 

4.4. 1.4.4 MySQL 

MySQL is a very popular database server in the world of the web based applications. This software has different 

editions with different licences. 

“MySQL Community Edition is the freely downloadable version. It is available under the GPL license and is 

supported by a huge and active community of open source developers. Available on over 20 platforms and 

operating systems including Linux, Unix, Mac and Windows. 

MySQL Standard Edition enables you to deliver high-performance and scalable Online Transaction Processing 

(OLTP) applications. MySQL Standard Edition includes InnoDB, making it a fully integrated transaction-safe 

database. In addition, MySQL Replication allows you to deliver high performance and scalable applications. 

MySQL Enterprise Edition includes full commit, rollback, crash recovery and row level locking capabilities. 

Database Partitioning allows you to improve performance and management of very large database 

environments. 

MySQL Cluster is a real-time transactional relational database with 99.999% availability. It features a "shared-

nothing" distributed architecture with no single point of failure to assure high availability and performance, 

allowing you to meet your most demanding mission-critical application requirements.” 

(http:/www.mysql.com/) 

4.5. 1.4.5 PostgreSQL 

“PostgreSQL is an open source object-relational database system (ORDBMS). It has more than 15 years of 

active development and a proven architecture that has earned it a strong reputation for reliability, data integrity, 

and correctness. It runs on all major operating systems, including Linux, UNIX (AIX, BSD, HP-UX, SGI IRIX, 

Mac OS X, Solaris, Tru64), and Windows. It is fully ACID compliant, has full support for foreign keys, joins, 

views, triggers, and stored procedures (in multiple languages). It includes most SQL:2008 data types, including 

INTEGER, NUMERIC, BOOLEAN, CHAR, VARCHAR, DATE, INTERVAL, and TIMESTAMP. It also 

supports storage of binary large objects, including pictures, sounds, or video. It has native programming 

interfaces for C/C++, Java, .Net, Perl, Python, Ruby, Tcl, ODBC, among others. 

An enterprise class database, PostgreSQL boasts sophisticated features such as Multi-Version Concurrency 

Control (MVCC), point in time recovery, tablespaces, asynchronous replication, nested transactions 

(savepoints), online/hot backups, a sophisticated query planner/optimizer, and write ahead logging for fault 

tolerance. It supports international character sets, multibyte character encodings, Unicode, and it is locale-aware 

for sorting, case-sensitivity, and formatting. It is highly scalable both in the sheer quantity of data it can manage 

and in the number of concurrent users it can accommodate. There are active PostgreSQL systems in production 
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environments that manage in excess of 4 terabytes of data. Some general PostgreSQL limits are included in the 

table below.” 

(http:/postgres.org/) 

Bibliography: 

Codd E.F. :  Further Normalization of the Data Base Relational Model,  IBM Research Report,  New York,  

1971 

Date C. J. (1999):  An Introduction to Database Systems (8th ed.).  Addison-Wesley Longman, 


