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Abstract

Data warehouses are information repositories 
specialized in supporting decision making. Since 
the decisional process typically requires an analy-
sis of historical trends, time and its management 
acquire a huge importance. In this paper we con-
sider the variety of issues, often grouped under 
term temporal data warehousing, implied by the 
need for accurately describing how information 
changes over time in data warehousing systems. We 
recognize that, with reference to a three-levels ar-
chitecture, these issues can be classified into some 
topics, namely: handling data/schema changes 
in the data warehouse, handling data/schema 
changes in the data mart, querying temporal data, 
and designing temporal data warehouses. After 
introducing the main concepts and terminology of 
temporal databases, we separately survey these 
topics. Finally, we discuss the open research issues 

also in connection with their implementation on 
commercial tools.

Introduction

At the core of most business intelligence applica-
tions, data warehousing systems are specialized 
in supporting decision making. They have been 
rapidly spreading within the industrial world over 
the last decade, due to their undeniable contribu-
tion to increasing the effectiveness and efficiency 
of the decisional processes within business and 
scientific domains. This wide diffusion was 
supported by remarkable research results aimed 
at improving querying performance, at refining 
the quality of data, and at outlining the design 
process, as well as by the quick advancement of 
commercial tools. 
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In the remainder of the paper, for the sake of 
terminological consistency, we will refer to a clas-
sic architecture for data warehousing systems, il-
lustrated in Figure 1, that relies on three levels:

1.	 The data sources, that store the data used 
for feeding the data warehousing systems. 
They are mainly corporate operational 
databases, hosted by either relational or 
legacy platforms, but in some cases they 
may also include external web data, flat 
files, spreadsheet files, etc.

2.	 The data warehouse (also called recon-
ciled data level, operational data store or 
enterprise data warehouse), a normalized 
operational database that stores detailed, in-
tegrated, clean and consistent data extracted 
from data sources and properly processed 
by means of ETL tools.

3.	 The data marts, where data taken from 
the data warehouse are summarized into 
relevant information for decision making, 
in the form of multidimensional cubes, to 
be typically queried by OLAP and reporting 
front-ends.

Cubes are structured according to the multi-
dimensional model, whose key concepts are fact, 
measure and dimension. A fact is a focus of interest 
for the decisional process; its occurrences cor-
respond to events that dynamically occur within 
the business world. Each event is quantitatively 
described by a set of numerical measures. In the 
multidimensional model, events are arranged 
within an n-dimensional space whose axes, 
called dimensions of analysis, define different 
perspectives for their identification. Dimensions 
commonly are discrete, alphanumerical attributes 

Figure 1. Three-levels architecture for a data warehousing system
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