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IntroductIon

Waterfall methodologies can poorly cope with 
changes, making maintenance considerably an ex-
pensive process. For this reason, incremental and 
iterative methodologies were introduced (Larman 
& Basili, 2003). They view system development 
as a step-by-step process, with the introduction 
of new functionalities to meet user needs. The 
main problem arising in both paradigms is the 
complexity in facing changes. Therefore, an 
increased automated support in this task would 
result in a reduction of efforts and costs, especially 

in incremental methodologies, because it would 
make them more systematic. 

Changes are often necessary to reflect the con-
tinuous evolution of the real world, which causes 
frequent changes in functional requirements. This 
entails frequent modifications to the software, 
yielding a gradual decay of its overall quality. 
For this reason, many researchers in this field 
have developed software refactoring techniques 
(Mens & Tourwé, 2004). Software refactoring is 
intended as the restructuring of an existing body of 
code, aiming to alter its internal structure without 
changing its external behavior. It consists of a 
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series of small behavior preserving transforma-
tions, which altogether can produce a significant 
software structural change. Moreover, system 
modifications resulting in changes to database 
structure are also relatively frequent (Roddick, 
1995). These changes are particularly critical, 
since they affect not only the data, but also the 
application programs relying on them (Ambler & 
Sadalage, 2006; Karahasanovic, 2001).

Several disciplines have faced the problem of 
managing the effects of database schema changes. 
The interest in this topic has consistently grown, 
as shown by several surveys and bibliographies 
recently published (Roddick, 1992; Roddick, 
1995; Li, 1999; Rahm & Bernstein, 2006). In 
particular, schema modification has faced the 
problem of changing the schema of a populated 
database. In addition to this, schema evolution 
pursues the same goal, but it tries to avoid loss of 
data. Alternatively, schema versioning performs 
modifications of the schema, but it keeps old ver-
sions to preserve existing queries and application 
programs running on it. Although schema version-
ing faces the problem of query and application 
programs preservation, it considerably increases 
the complexity and the overhead of the underly-
ing DBMS. Finally, database refactoring aims to 
modify the database schema, and to change the 
corresponding application programs accordingly. 
In other words, the database refactoring is the 
process of slowly growing a database, modifying 
the schema by small steps, and propagating the 
changes to the queries. This is considered the ma-
jor technique in the development of evolutionary 
database (Ambler & Sadalage, 2006).

With the introduction of evolutionary data-
bases methodologies, the research area of schema 
evolution and versioning has been naturally broad-
ening to embody new and more challenging 
research problems. In this chapter, borrowing 
the term from Ambler et al. (2006), we call this 
new research area Evolutionary Database.

This chapter discusses the main issues 
concerning evolutionary database and then we 

survey several models and tools proposed for 
their solution.

background

Schema evolution and schema versioning have 
been pioneer research areas facing problems 
due to the introduction of changes in database 
schemas.

Generally accepted definitions of schema 
evolution and schema versioning are provided 
in a paper by Roddick (Roddick, 1995), which 
can be considered as a sort of manifesto for this 
research topic. According to these definitions, the 
aim of schema evolution is to facilitate changes in 
the database schema without losing existing data. 
If these changes are seen as producing different 
versions, then the need to store the data of all the 
versions naturally arises. Therefore, the goal of 
schema versioning is to allow users to access the 
data of old versions (retrospective access) as well 
as those of new ones (prospective access).

Nowadays, researchers of the database area 
agree that schema evolution and versioning yield 
two main issues: semantics of changes and change 
propagation (see, for example, Peters, et al. 1997 
or Franconi, et al., 2000). The first problem re-
quires determining the effects of changes on the 
schema, whereas the second deals with the effects 
on the data. 

    
Example 1
Let us consider the database of the employees 

of a University described by the schema S repre-
sented by the relation

R(Employee_ID, Last Name,  First name, Depart-
ment_ID, Salary, Address)

where Employee_ID is the primary key. Let us 
suppose that it is required that the database be in 
third normal form (Elmasri & Navathe, 2006). 
The addition of the functional dependency 
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