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CHAPTER 2
The Data Warehouse

2.1. Introduction

In the first chapter, business intelligence (BI) was defined and a review
of its possible applications in selected business areas was presented. The
background for those solutions consists of basic BI tools. However, before
we look at these in depth, we should look at the technological aspect of
BI systems, that is, the structure of data warehouses. It seems obvious that
the previous examples of business solutions use various data. However,
this chapter answers the question of how data are collected and organized
in order to be applied-to business analysis.

Figure 2.1 shows the standard structure of a data warehouse. On
the left, thererare examples of sources of data—for example, logistics
data in a'transactional system. Within the sources of data, operational
data are registered; this is data that is connected with isolated and spe-
cific business events{ A possible use of a logistics system might be, for
instance, to provide information that a given product is in stock. These
data are sent to a data warehouse and adequately processed and con-
nected with other data there. The information is read from the data
warehouse (see the right part of Figure 2.1) to conduct certain business
analyses. For example, information about the delivery and shipment of
goods throughout a whole month might be used, within online analyti-
cal processing (OLAP), to detect those groups of products that fill the
shelves. If these data are connected with information about the stor-
age costs of different products, taken from a controlling system, then a
complete analysis of the costs of storage of all goods that fill the shelves
is possible.

It is essential to understand why data warehouses are built. There are

at least four of them. Thanks to data warehouses you can
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18  BUSINESS INTELLIGENCE
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Figure 2.1. An example of the structure of a data warehouse.

Source: author.

* conduct business analyses without any interference in online
transaction processing (OLTP).! Business analyses usually
require complex and time-consuming calculations. However, this
should not influence the daily operational work of systems that
contain the source data. And thus, for instance, the sales analysis
based on the aggregation of data from invoices registered in a
transaction system ought not to cause delays in issuing invoices.

* obtain a global picture of a company’s data—that is, you can
integrate data from different sources, which gives a thorough
picture of the business events in a given enterprise. For a
telecommunications company, it could be information about
the total sales value of a given client on the basis not only of
the number of phone calls registered in the billing system but
of the value of the accessories purchased by this client in brand
stores (these data are registered in the sales system).

* gain access to historical data. Past information can be stored
and then accessed later. Thanks to historical data, it is possible

to carry out most basic business analyses.
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THE DATA WAREHOUSE 19

e standardize information. The proper implementation ofa data
warehouse system enforces the standardization of terms and
makes different departments of a company interpret perfor-
mance indicators (measures) identically and calculate them in
a homogenous manner. Consequently, the problem of many
versions of the truth depending on the authorof a given report

is eliminated.

2.2. What a Data Warehouse Is

Bill Inmon is an American computer scientist and is recognized by many
as the father of the data warehouse concept. His definition of a data
warchouse is widely accepted.? A data warchouse is a subject-oriented,
integrated, time-variant, nonvelatile collection of data in support of
management’s decisions.

“Subject oriented” means that the collected data are related to a
specific business area—for example; a sales and marketing department.
However, in practice, the data warehouse can include different business
areas. Thedata warehouseistestricted to one business area or even to one
department, usually called a data mart, which is a local warehouse that is
generally a part of a corporate warehouse.

“Integrated” refers to the fact that all data are homogenous in their
format, there is a range of acceptable values, and data are provided from
most or all of an organization’s operational system.

“Time variant” means that all data entered into a data warehouse have
a timestamp, which allows companies to track changes and perform ana-
lytical research at certain time intervals.

“Nonvolatile” signifies that data, once entered into a warehouse, are
remembered and cannot be deleted. After downloading, one can only
read the data.

Technologically, data warehouses are operated through database man-
agement systems; usually these are databases using a relational model.?
Inmon amended his classic definition of the data warehouse to include a
corporate information factory (CIF).* This is a data warchouse that con-
tains all the information resources of an enterprise and the data coming

from the external world.

This document is authorized for use only by Ching Yang at University of Wales Trinity Saint David until April 2014.
Copying or posting is an infringement of copyright. Permissions@hbsp.harvard.edu or 617.783.7860.



20 BUSINESS INTELLIGENCE

2.3. Logical Model: Star Schema

The way of modeling data in the data warehouse corresponds to the
need for reporting of business data. When one makes a report, business
measures are analyzed, such as sales quantity, in various contexts (i.c.,
dimensions), such as products, customers, and time. As Edgar F. Codd, a
British computer scientist who invented the relational model for database
management, observed, “in principle, there are a great number of differ-
ent dimensions, which can be used to analyze a certain set of data. This
complex perspective that is a multi-faceted, notional picture seems to be
the way in which most business people perceive their enterprise.”

Table 2.1 shows a sales report of personal computers (PCs) by a com-
puter hardware distribution company. In this report such measures as
sales amount and costs for the product (e.g., purchase costs and logistics
costs) are analyzed by looking at the dimension time (May 2008) and
product (PC ABC, PC XYZ, and PC QWE).

In order to determine the data that areecessary to generate such a

report, three tables must be defined:

1. A fact table (sales and costs; see Table 2.2)°
2. A dimension table (product; see Table 2.3)
3. A dimension table (date; see Table 2.4)”

A data warehouse model is able to link the separate data on sales,
product, and date and then generate the report presented in Table 2.1.
It should be pointed out that not all the data from the three tables were

Table 2.1. Demonstration of a Sales Report for a Computer Hardware
Distributor, May 2008

Product Sales amount ($US) | Costs ($US) | Profitability (%)
PC ABC 1,000,000 700,000 30
PC XYZ 2,000,000 1,800,000 10
PC QWE 2,000,000 1,500,000 25
Total 5,000,000 4,000,000 20

Note: Profitability (in %) = (qualitative sales — costs total) + qualitative sales.

Source: author.
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THE DATA WAREHOUSE 21
Table 2.2. A Demonstration Fact Table: Sales
ID_Product | ID_Date | Sales_Quantity Price Costs
P1 C5 500 2000 700,000
P2 C5 400 5000 1,800,000
P3 C5 1000 2000 1,500,000
P1 C6 400 2500 8,000,000

Source: author.

Table 2.3. A Demonstration Table for a Dimension: Product

ID_Product Name Producer Processor
P1 PC ABC Beta Gamma
P2 PCXYZ Delta Gamma
P3 PC QWE Beta Theta

Source: author.

Table 2.4. A Demonstration Table for Dimension: Date (Time)

ID_Date Month Quarter Year
C4 April Q2 2008
C5 May Q2 2008
c6 June &) 2008

Source: author.

used to generate the report and that the calculation of the sales amount
requires reference to the sales table (Sales_Quantity and Price). Every line
in every table has an unambiguous identifier: the primary key (PK).® In
the product table, it is ID_Product; in the date table, it is ID_Date; and
in"the sales table, the pair ID_Product and ID_Date is the composite
key. The sales table is connected with the product table by ID_Product.
ID_Product in the sales table is then the so-called foreign key (FK).” The
foreign key is a referential constraint between two tables. The foreign key
identifies a column or a set of columns in one (referencing) table that
refers to a set of columns in another (referenced) table. And analogically
the sales table is connected with the date table by ID_Date; ID_Date is
also a foreign key in the sales table. It is worth stressing that to one line

(row) in the product table, zero, one, or many rows (records) in the sales
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22 BUSINESS INTELLIGENCE

table may correspond, while one row in the sales table may correspond
exactly to one row in the product table. The sales table and the date table
share exactly the same relationship. This type of relationship, desctibed
as 1:N (one to many) is the basis of modeling data in a star schema (see
Figure 2.2). Every rectangle corresponds to one table with data.

The schema presented in Figure 2.2 is called a multidimensional
model, or popularly a star schema, because there are tables with dimen-
sions connected by a relationship 7:/V in the fact table! In formal terms,

the schema from Figure 2.2 should be described as follows:

o Sales (ID_Product, ID_Date, Sales_Quantity, Price, Cost)
¢ Product (ID_Product, Name, Producer, Processor)
¢ Date (ID_Date, Month, Quarter, Year)

Sales, product, and date are called entity sets. A single entity in a set pre-
sented in the table is simply a row in this table. Expressions in brackets are
descriptions of attributes that are characteristic of a given set of entities. The
bold selected attributes represent a key'(an identifier) entity in the entity
set. Owing to this convention, the schema in Figure 2.2 is called an entity
relationship schema, and it is a classical way of modeling databases. In fact,
having determined the format of data for specific attributes, one can already
generate certain data structures in a selected database management system.
The model in the form of a schema of entity sets is called a logical (concep-

tual) model;and its realization in a specific database is a physical model.

2.4. Sources of Data

Returning to the example of the report from Table 2.1, it is vital to
understand how the fact table (i.e., Table 2.2) and other tables were filled

Date Sales Product

Figure 2.2. A demonstration dimensional model (star model).

Source: author.
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THE DATA WAREHOUSE 23

in with data. For instance, in order to calculate the sales quantity for a

given product, one must

1. check which transactional data system the source data (i.c., the
invoices or orders, on the basis of which one can specify the quantity
of sales) are stored in.

2. determine the interface between the system with the source data and
the data warehouse and enter suitable data. Information from the
given day should be added to the previous data to extend the history
of sales by another day.

3. aggregate the data from the invoices, which are single transactional
business events, to show the results for a whole month; take, for
instance, the first row (Sales=Quantity in May 2008 for PC ABC)
in Table 2.2. To calculate profitability, you must integrate sales data
with the data related to costs, which are downloaded from a finan-

cial controlling system.

This simplified scenario shows the key issues connected with designing

and using data warchouses. In general, there are the following sources of data:

* Data files. These could be both textual and electronic (e.g.,
Excel files).
* Transactional systems."® These are systems that, by making
repeatable transactions, support the basic business processes of
a company. The most popular among them are information
management systems such as the following:
© Enterprise resource planning (ERP), which supports com-
panies in terms of finance, sales and logistics, warchouse
management, production, procurement, human resource
management, and so on
o Banking systems for handling customers” accounts
o Billing systems in telecommunications and energy companies
* Internet data. These could be both data taken from Internet
pages and, for example, data mined by linking to Internet
services that automatically transfer suitable information in the
form of a subscription

o Other data warehouses.
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24 BUSINESS INTELLIGENCE

It should be stressed that the sources of data may be located inside
(and those are usually the most important) and also outside companies.
The next chapter looks at where this information may come from.

Data from data sources are entered into a warehouse. This seem-
ingly straightforward process usually consists of three phrases—extract-
transform-load (ETL)—that are chronologically linked:

1. Extraction of data from sources of data. The identification of the
sources of data is a complex issue, and you have to specify precisely
the information that should be taken to obtain the suitable data
(facts and dimensions). You have to refer. to unambiguous business
terms and connect them with specific data in the system. In some
situations, it may turn out that notall the necessary data are regis-
tered. As a result, many times yousare forced to prepare the source
yourself, which is a very costly additional task.

2. Transformation of data to the form that allows for appropriate busi-
ness application. This problem.is related to, among other things, the
integration of data:"!

 [Integration of formats—that is, unification of formats of data
coming from different systems. For instance, gender can be
recorded in a number of different ways: m/f, M/F, male/female,
and so on,

* Semantic integration—that is, a uniform interpretation of data.
The professional analysis of business requirements allows you
to clarify, for instance, whether the sales are calculated on the
basis of invoices or orders. If the sales are calculated on the basis
of orders, it allows you to clarify whether this means orders
receiyed, carried out, and so on. If you are not precise at this
stage and you do not work out an unambiguous definition of
the term “sales,” the problem of different versions of truth may
arise. This applies also to tables with dimensions, particularly if a
source system is not integrated and thus does not have standard-
ized master data. Usually, the problem of uniform and unam-
biguous definitions for all terms used in warehouse is related to
the issue of representation of metadata.

Moreover, this also includes any additional activities, includ-

ing, among others, the verification of the quality of the data and
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its preliminary aggregation before its input into the warehouse:
The verification of the quality of the data consists of checking if
a given date meets previously defined criteria (e.g., you can check
whether personal details, including the date of birth of employees,
fit in a rational range of values). The preliminary aggregation of
data is, for instance, the input not of single gransactions from the
store’s cash registers (i.e., receipts) but of summaries of the sales of
each product for the whole day.

3. Loading of data into a warchouse. Notmally, the loading of data
into the warehouse is not a single action but.a repeated process,
in which data are added to the warchouse at strictly defined time
intervals, depending on business needs: once per day, once per
month, and so on. Consequently; the warehouse contains the his-
tory of business events' that enables you to scrupulously analyze

their changes over time.

This information demonstratesthe importance of properly admin-
istering a data warehouse. To sum up, you should pay special atten-
tion to the significant difference between source data and data stored
into a warehouse. The first type of data concerns operational process-
ing in day-to-day activities in an enterprise, whereas the second one is
related to management information, often at a strategic level, which
enables you to gain insights into the company’s performance from a

number of angles.

2.5. Designing a Data Warehouse: Basic Facts

A'data warchouse should be precisely designed to satisfy specific busi-
ness needs. Usually, business requirements are specified by determining
what information is necessary to manage a given business area. This
allows you to select an appropriate logical model of a warchouse (see
the star model) and then the necessary source data. This top-down
approach was formulated by Ralph Kimball as a dimensional design
model."? Kimball is widely recognized as one of the first architects of
data warchouse logical models. According to this paradigm, there are

four steps to design a data warehouse:
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26~ BUSINESS INTELLIGENCE

1. Specify business requirements. To understand business aims and needs
in the context of existing source data, one must define the/most
important business issues in a given area. See, for instance, Table 2.1:
It could be a decision to continue or discontinue selling a product
on the basis of its profitability and how this changes over time.

2. Declare the granularity. Specify how detailed the data should be
in the multidimensional model in the fact table. The most com-
mon is the lowest level of granularity, which is not subject torany
further division. It definitely gives the greatest analytical flexibility,
but it also may require more external memory than others. In the
case of the previously mentioned computer hardware distributor,
it would mean loading the data into the data warehouse for all the
individual items from all invoices and all costs ascribed to the sale
of a given product.

3. Choose the dimensions. Specifying the granularity determines the
fact tables. In the presented example, it is the product dimension
(defined as a concrete product; see Table 2.3) and the date dimen-
sion (defined as a concrete month; see Table 2.4).

4. Identify the facts: Specify precisely which business measures should
be included in the fact table. Measures are quantitative, and vari-
ous mathematical operations can be performed on them (e.g., the
highest value, ordering;' mean, sum). In the presented example, it
is Sales_Quantity, Price, and Costs (see Table 2.2). The calculated
measure—that is, Sales amount and Profitability (see the report in
Table 2.1)—appears in the report generated for the user by a special
tool for reporting as the result of a certain operation on the measures

from the fact table.

The result of this four-step process of designing the multidimensional
model is a star schema, such as the one in Figure 2.2. On the basis of this
schema—that is, to be precise, on the basis of the definitions of sets of
entities along with the specifications of data formats for attributes—you
can easily create a proper data structure in database languages (e.g., struc-
tured query language, or SQL).

The example of modeling a data warechouse will be discussed in Case
Study 2.1, and the basics of the business analysis will be presented in the

next chapter.
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Case Study 2.1.

The implementation of the BI system began with the analysis of
business requirements. In the area of sales, it was as follows:

* Area. Sales.
* Provided information or analysis: Quantity (volume) and
amount of sales analysis divided into time period, sales

region, product category, and so on

According to guidelines on modeling a multidimensional model, the
following activities were conducted:

1. Specify Business Requirements

To analyze business requirements, a sales report was produced provid-
ing the amount in percentage terms for selected product groups (in
the example, four product groups) in a given period (in the example,
January 2007) in stores in specific locations (in the example, stores in
Boston). The sales report is shown in Table 2.5 and 2.6.

Table 2.5. Report: sales amount in January 2007

Store name

ALFA_10 ALFA_11 ALFA_12 Total
Category Sales amount Sales amount Sales amount Sales t
Juice 1470.05 1471.58 1820.68 4762.31
Dairy products 4432.69 4630.44 5073.86 14136.99
Confectionary 5981.00 6103.04 7558.79 19642.83
Cleaning products | 929.52 1276.85 1259.43 3465.80
Total 12813.26 13481.91 15712.76 42007.93

Table 2.6. Report: sales amount (in percentage) in January 2007

Store name
ALFA_10 ALFA_11 ALFA_12 Total
Category Sales amount Sales amount (%) | Sales amount (%) | Sales amount (%)
(%)
Juice 3.50 3.50 4.33 11.34
Dairy products 10.55 11.02 12.08 33.65
anfec'gionar\dI 14.24 14.53 17.99 46.76
Cleaning products | 2.21 3.04 3.00 8.25
Total 30.50 32.09 37.40 100.00

2. Declare the Grain

The following level of granularity was defined:
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28  BUSINESS INTELLIGENCE

* Date: 1 day
* Product: product item (SKU, or stock-keeping unit)

* Store: a single store

3. Choose the Dimensions

The following dimensions were defined:'
¢ Date (see Table 2.7)

Table 2.7. Dimension Date

Date

IDDate (PK)

Date

Full Date Description
Day of Week
Calendar Month
Calendar Quarter
Calendar Year

¢ Product (see Table 2.8)

Table 2.8. Dimension Product

Product
IDProduct (PK)
Product Name
SKU Number
Brand
Category
Package Type
Weight
Weight Units

In Table 2.9 are presented demonstration data for Product dimension.
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o Store (see Table 2.10)

Table 2.10. Dimension Store

Store

IDStore (PK)

Store Name

Store Number

Store Address

Store City

Store Manager

Store Region

Selling Square Footage
First Open Date

Table 2.11 presents demonstration data for Store dimension.

Table 2.11. Store: demonstration data

IDStore Store Store Store Store Store Store Selling First

name number address city manager region square open

footage date
1 Alfa_l 1489 Beacon St Newton Jane Davis MA 137 1-03-2004
2 Alfa_2 EX b Varsov 5t Newton Fremt Tucker MA 174 1-07-2004
3 Alfa_3 1g30 Meorton 5t Newton John Cash MA 357 1-05-2004
4 Alfa_4 3216 Riverway Bedford Steve Lucky  MA 235 1-01-2004
5 Alfa_S 2600 John-Paul Salem Joe Turmer MA 256 1-09-2004

A

B Alfa_g 1085 Tremont 5t Bedford Horace Gramt~ MA 136 1-11-2004
7 Alfa_7 1102 Broadway Burlington Jolws Novak VT 185 1-03-2004
8 Alfa_8 2256 ‘Wall 5t. Burlington Larry King VT 214 1-10-2004
9 Alfa_9 1978 New St Newport JavLeno VT 125 1-10-2004
10 Alfa_10 3080 Green St Bostan Scon Pippen . MA 115 1-11-2004
1 Alfa_11 1073 Main 51 Boston John Paxson  MA 200 2-04-2005
12 Alfa_12 1353 Oxford 5t. Boston Michel Jordan  MA 203 1-D4-2004
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4. Identify the Facts

In Figure 2.3 the retail sales schema (multidimensional model) is pre-

sented where the fact table is: Transaction.

Date
IDDate (PK)

Date

Full Date Description

Day of Week

Calendar Month

Calendar Quarter

Calendar Year

Transaction
| IDTransaction (PK) |

IDDate (FK)

IDProduct (FK) Store
IDStore (FK) IDStore (PK)
Transaction Number Store Name

Sales Quantity

Sales Amount USD

Cost of purchase USD

Store Number

Store Address

Store City

Store Manager

Store Region

Selling Square Footage _|
First Open Date

Product
IDProduct (PK)
Product Name
SKU Number
Brand
Categary
Package Type
Weight
‘Weight Units

Figure 2.3. Retail sales schema (multidimensional model)

Source: Based on Kimball and Ross (2002)

In Figure 2.4 it is presented how to generate report (shown in Table

2.5) from the multidimensional model shown in Figure 2.3.

|Product | Store Transaction
IDProduct (PK) IDStare (PK) IDTransaction (PK)
Product Name ——t Stare Name IDDate (FK)
Sk Bumber 1DProduct (FK)
il IDStore (FK)
Category :
Package Type Tra nsan@nlNumher_
Weight Store Manager Sales Quantity
T Store Region Sales Amount USD
Weight Units Selling Square Footage
SEIINE JqUAre Lootage Cost of purchase USD
First Open Date
Aggregate for January 200
Store Name
v Alfa_10 Alfa_11 Alfa_12 Total
Category Sales Amount | Sales Amount Sales Amount Sales Amount
Juice 1470.05 1471.58 1820.68 4762.31
Dairy products 4432.69 4630.44 5073.86 1413699
Confectionary 5981.00 6103.04 7558.79 1964283
Cleaning products | 929.52 1276.85 1259.43 3465.80
Total 12813.26 13481.91 15712.76 42007.93

Figure 2.4. Dragging a dimensional attributes and facts into a
simple report

Source: author.
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32 BUSINESS INTELLIGENCE

In order to generate the required business reports, the following

sources of data were specified:

* Cash registers, which register single transactions (receipts)

e ERP system, which includes master data (for dimensions)

Moreover, during the comprehensive analysis of business require-

ments, the following sources of data were defined:

e ERP system, which includes data about sales, purchases, and
logistics costs
* Internet service that makes trade benchmarking data
available
e Files
o Planned sales (once a month)
0 Data concerning location (nearest competition, location,

etc.)
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