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The Evolution of Data Warehousing

 Since 1970s, organizations gained competitive 
advantage through systems that automate 
business processes to offer more efficient and 
cost-effective services to the customer. 

 This resulted in accumulation of growing 
amounts of data in operational databases. 
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The Evolution of Data Warehousing

 Organizations now focus on ways to use 
operational data to support decision-making, as 
a means of gaining competitive advantage.

 However, operational systems were never 
designed to support such business activities.

 Businesses typically have numerous operational 
systems with overlapping and sometimes 
contradictory definitions. 
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The Evolution of Data Warehousing 

 Organizations need to turn their archives of data 
into a source of knowledge, so that a single 
integrated / consolidated view of the 
organization’s data is presented to the user. 

 A data warehouse was deemed the solution to 
meet the requirements of a system capable of 
supporting decision-making, receiving data from 
multiple operational data sources.
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The Need for Data Analysis 

 Managers must be able to track daily 
transactions to evaluate how the business is 
performing

 By tapping into the operational database, 
management can develop strategies to meet 
organizational goals

 Data analysis can provide information about 
short-term tactical evaluations and strategies
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Solving Business Problems and Adding 
Value with Data Warehouse-Based Solutions
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Solving Business Problems and Adding 
Value with Data Warehouse-Based Solutions 
(continued)
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Decision Support Systems 

 Methodology (or series of methodologies) designed to 
extract information from data and to use such 
information as a basis for decision making

 Decision support system (DSS):
• Arrangement of computerized tools used to assist managerial 

decision making within a business
• Usually requires extensive data “massaging” to produce 

information
• Used at all levels within an organization 
• Often tailored to focus on specific business areas 
• Provides ad hoc query tools to retrieve data and to display data 

in different formats
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Decision Support Systems (continued) 

 Composed of four main components:
• Data store component

• Basically a DSS database

• Data extraction and filtering component
• Used to extract and validate data taken from operational 

database and external data sources

• End-user query tool
• Used to create queries that access database

• End-user presentation tool
• Used to organize and present data
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Main Components of a Decision 
Support System (DSS)
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Transforming Operational Data Into 
Decision Support Data
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Contrasting Operational and DSS 
Data Characteristics
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Ten-Year Sales History for a Single 
Department, in Millions of Dollars
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Yearly Sales Summaries, Two Stores and Two 
Departments per Store, in Millions of Dollars
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The Data Warehouse 

 Integrated, subject-oriented, time-variant, 
nonvolatile database that provides support for 
decision making

16

Subject-Oriented Data

 Warehouse is organized around major subjects 
of the enterprise (e.g. customers, products, 
sales) rather than major application areas (e.g. 
customer invoicing, stock control, product sales). 

 This is reflected in the need to store decision-
support data rather than application-oriented 
data.
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Integrated Data

 The data warehouse integrates corporate 
application-oriented data from different 
source systems, which often includes data 
that is inconsistent.

 The integrated data source must be made 
consistent to present a unified view of the 
data to the users.
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Time-Variant Data

 Data in the warehouse is only accurate and 
valid at some point in time or over some time 
interval. 

 Time-variance is also shown in the extended 
time that data is held, the implicit or explicit 
association of time with all data, and the fact 
that the data represents a series of snapshots.
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Non-Volatile Data

 Data in the warehouse is not updated in real-
time but is refreshed from operational 
systems on a regular basis.

 New data is always added as a supplement to 
the database, rather than a replacement.

20

A Comparison of Data Warehouse and 
Operational Database Characteristics
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Benefits of Data Warehousing

 Potential high returns on investment

 Competitive advantage

 Increased productivity of corporate decision-
makers
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Problems of Data Warehousing

 Underestimation of resources for data loading

 Hidden problems with source systems

 Required data not captured

 Increased end-user demands

 Data homogenization



23

Problems of Data Warehousing

 High demand for resources

 Data ownership

 High maintenance

 Long duration projects

 Complexity of integration
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Creating a Data Warehouse
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DSS Architectural Styles
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Online Analytical Processing 

 Advanced data analysis environment that 
supports decision making, business modeling, 
and operations research

 OLAP systems share four main characteristics:
• Use multidimensional data analysis techniques

• Provide advanced database support

• Provide easy-to-use end-user interfaces

• Support client/server architecture
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Examples of OLAP Applications in 
Various Functional Areas
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Multi-Dimensional Data as Three-
Field Table versus Two-Dimensional 
Matrix
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Operational vs. Multidimensional 
View of Sales
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Multi-Dimensional Data as Four-Field 
Table versus Three-Dimensional 
Cube



31

Integration of OLAP 
with a Spreadsheet Program
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OLAP Client/Server Architecture
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OLAP Server Arrangement
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OLAP Server with Multidimensional 
Data Store Arrangement
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OLAP Server With Local Mini Data 
Marts
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Bitmap Representation of REGION 
Values
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Typical ROLAP Client/Server 
Architecture
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MOLAP Client/Server Architecture
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Multi-Dimensional OLAP Servers

 In summary, pre-aggregation, dimensional 
hierarchy, and sparse data management can 
significantly reduce the size of the cube and 
the need to calculate values ‘on-the-fly’. 

 Removes need for multi-table joins and 
provides quick and direct access to arrays of 
data, thus significantly speeding up execution 
of multi-dimensional queries.
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Relational vs. Multidimensional 
OLAP
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Star Schemas 

 Data modeling technique used to map 
multidimensional decision support data into a 
relational database

 Creates the near equivalent of a multidimensional 
database schema from the existing relational 
database

 Yield an easily implemented model for 
multidimensional data analysis, while still preserving 
the relational structures on which the operational 
database is built

 Has four components: facts, dimensions, attributes, 
and attribute hierarchies
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Simple Star Schema
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Possible Attributes for Sales 
Dimensions
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Three-Dimensional View of Sales
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Slice and Dice View of Sales
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Location Attribute Hierarchy
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Attribute Hierarchies In 
Multidimensional Analysis
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Star Schema for Sales
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Orders Star Schema
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Star Schema for Property Sales of 
DreamHome 
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Snowflake & Starflake Schema 

 Snowflake schema is a variant of the star 
schema where dimension tables do not contain 
denormalized data. 

 Starflake schema is a hybrid structure that 
contains a mixture of star (denormalized) and 
snowflake (normalized) schemas. Allows 
dimensions to be present in both forms to cater 
for different query requirements. 
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Normalized Dimension Tables
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Property Sales with Normalized 
Version of Branch Dimension Table

54

Fact Constellation

 A dimensional model, which contains more 
than one fact table sharing one or more 
conformed dimension tables, is referred to as a 
fact constellation.
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Multiple Fact Tables
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Dimensional Model (Fact 
Constellation) for the DreamHome 
Data Warehouse
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Implementing a Data Warehouse 

 Numerous constraints:

• Available funding

• Management’s view of the role played by an IS 
department and of the extent and depth of the 
information requirements

• Corporate culture

 No single formula can describe perfect data 
warehouse development
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Factors Common to Data 
Warehousing 

 Data warehouse is not a static database
 Dynamic framework for decision support that is 

always a work in progress
 Data warehouse data cross departmental lines 

and geographical boundaries
 Must satisfy:

• Data integration and loading criteria
• Data analysis capabilities with acceptable query 

performance
• End-user data analysis needs

 Apply database design procedures
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Data Warehouse Implementation 
Road Map
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Summary

 Data analysis is used to derive and interpret 
information from data

 Decision support is a methodology designed to 
extract information from data and to use such 
information as a basis for decision making

 Decision support system is an arrangement of 
computerized tools used to assist managerial 
decision making within a business

 Data warehouse is an integrated, subject-oriented, 
time-variant, nonvolatile database that provides 
support for decision making
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Summary (continued)

 Online analytical processing is an advanced data 
analysis environment that supports decision 
making, business modeling, and operations 
research

 Star schema is a data-modeling technique used 
to map multidimensional decision support data 
into a relational database 

 The implementation of any company-wide 
information system is subject to conflicting 
organizational and behavioral factors


