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Introduction: BI System
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• Dashboard
• Information visualization



Data Warehouse
Data warehouse is a special kind of database that support 
data analysis and decision making

Traditional (operational) databases facilitate data 
management and transaction processing. They have two 
limitations for data analysis and decision support
 Performance

 They are transaction oriented (data insert, update, move, etc.)
 Not optimized for complex data analysis
 Usually do not hold historical data

 Heterogeneity
 Individual databases usually manage data in very different ways, 

even in the same organization (not to mention external data sources 
which may be dramatically different).

3



Data Warehousing Supports 
Analytical Processing
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Should we invest more 

on our e-business? 

(fuzzy question  need 

high level analysis for 

decision making)

How do advertising 

activities affect sales of 

different products bought 

by different type of 

customers, in different 

regions? (synthesizing)

What is the reason for a 

decrease of total sales 

this year? (reasoning)



Data Sources

Data warehouses extract data from many 
data sources, including operational (or 
transactional) databases 
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Data Mart

Data mart is a small data warehouse 
focusing on certain type of analysis
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Comparison of Data
Data Warehouse Data Operational Database Data

Subject oriented Data are stored with a subject orientation 

that facilitates multiple views of the data 

and decision making. E.g., sales may be 

recorded by product, by division, by 

manager, or by region.

Data are stored with a functional 

orientation. E.g., data may be stored for 

invoices, payments, credit amounts, and 

so on.

Integrated Provide a unified view of all data 

elements with a common definition and 

representation for all business units.

Similar data may be represented 

differently in different databases (either 

structure or format)

Time-variant Data are recorded with a historical 

perspective in mind. Therefore, a time 

dimension is added to facilitate data 

analysis and various time comparisons.

Data are recorded as current 

transactions. E.g., the sales data may be 

the sales of a product on a given date, 

such as $342.78 on 12-May-2004.

Non-volatile Data is not updated in real time but is 

refreshed from operational systems on a 

regular basis. Data structure is not 

optimized for updates – redundancy is 

not the major issue

Data updates are frequent and common. 

E.g., an inventory amount changes with 

each sale. New data is added as a 

replacement to the database.
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Data Warehouse Structure
Data warehouse is (often) multi-dimensional
 The view of data is usually called a “cube”, 

although it can have more than 3 dimensions
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Star Schema
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Star Schema in the Relational Model
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Data Warehouse Examples

The “AdventureWorksDW” sample 
database for SQL Server

 http://msftdbprodsamples.codeplex.com/

A mini data warehouse

 http://jackzheng.net/teaching/cis3730/files/
miniDW.zip
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http://msftdbprodsamples.codeplex.com/
http://jackzheng.net/teaching/cis3730/files/miniDW.zip
http://jackzheng.net/teaching/cis3730/files/miniDW.zip
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Multidimensional Analysis
The multidimensionality of data warehouse is 
particularly suitable for multi-dimensional 
queries
 Such queries are usually arithmetic operations 

(sum, average, etc.) on records grouped by 
multiple dimensions (attributes).

Examples
 “What is the total sales amount grouped by product 

line (dimension 1), states (dimension 2), years 
(dimension 3) and … (other dimensions)?”

 “What is the total revenue for each store in the last 
24 months?”



SQL Query Problems
Query (structural) complexity

Low execution performance
 Large data base: how many rows can be in the fact table?
 Example:

 Time dimension: 10 (years) * 300 (days in a year) 
 Location dimension: 50 (states) * 10 (cities per state)
 Product line dimension: 5 (categories) * 20 (products per category)
 Customer dimension: 5 (groups by age) * 2 (genders)

 Result: potential size of the sales fact table
 Time*Location*Products*Customer=1.5 billion records
 1.5 GB * 10 (bytes per record) = 15 GB table
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SELECT SUM(dbo.SalesFact.SalesAmount) AS [Total Sales], DimDate.TimeYear, DimDate.TimeQuarter, 
DimDate.TimeMonth, DimProduct.Category, DimProduct.Brand, DimLocation.Region, DimLocation.State
FROM  SalesFact INNER JOIN DimProduct ON SalesFact.ProductKey = DimProduct.ID 
INNER JOIN DimLocation ON SalesFact.LocationKey = DimLocation.ID 
INNER JOIN DimDate ON SalesFact.TimeKey = DimDate.ID
GROUP BY DimDate.TimeMonth, DimDate.TimeYear, DimDate.TimeQuarter, DimProduct.Brand, 
DimProduct.Category, DimLocation.Region, DimLocation.State;



OLAP
OLAP is a function/operation that is optimized to answer queries 
that are multi-dimensional in nature

OLAP report (OLAP cube)
 OLAP report/cube is a presentation of the chosen measure with 

associated dimensions.
 Measure is the data item (fact) of interest: sales, cost, etc.
 Dimension is the characteristic of a measure: time, location, etc.

OLAP allows drill-up/down along any dimension: data aggregated 
at different grouping levels
 Time: hour, AM/PM, day, week, month, quarter, year, holidays, 

weekends, etc.
 Location: store, city, big city, small city, county, state, country, etc.
 Product: product model, product line, product category, etc.
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OLAP Report View
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OLAP Report and Pivot Table

OLAP results are often presented in a way 
similar to pivot tables in spreadsheets 
applications.

Example: a pivot table in MS Excel
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OLAP Drill Up/Down

17Drill down

Drill up



OLAP/Pivot Table in Action
Connecting to a SQL Server Database Engine
 Use SQL to generate data for analysis
 Use Microsoft Excel Pivot Table analysis
 Use Visio 2010 Pivot Diagram

Utilizing the SQL Server 2008 Analysis Service
 Use the SQL Server BI Development Studio to 

design, deploy and browse an OLAP cube
 Use the SQL Server Management Studio to browse 

an OLAP cube
 Use the Excel Pivot Table and Visio Pivot Diagram 

to browse an OLAP cube
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MDX (Multi-Dimensional eXpressions)

MDX is a Microsoft implementation of query 
language for OLAP in the SQL Server Analysis 
Services
 http://msdn.microsoft.com/en-us/library/bb500184.aspx

MDX example

SELECT
{[Dim Date].[Time Year].[Time Year]} ON COLUMNS,
{[Dim Location].[Region].[Region]} ON ROWS
FROM [Mini DW]
WHERE ([Measures].[Sales Amount])
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http://msdn.microsoft.com/en-us/library/bb500184.aspx
http://msdn.microsoft.com/en-us/library/bb500184.aspx
http://msdn.microsoft.com/en-us/library/bb500184.aspx


Summary
Key concepts
 Data warehouse, data mart
 Operational database vs. data warehouse
 Star schema
 OLAP and OLTP
 Multidimensional analysis
 Drill up/down
 Pivot table

Key skills
 Use pivot table tools for multidimensional analysis 

in Excel, using the data stored in SQL Server.
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