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Learning Objectives

« Understand the basic definitions and concepts
of data warehouses

« Understand data warehousing architectures

« Describe the processes used in developing and
managing data warehouses

« Explain data warehousing operations

« EXxplain the role of data warehouses in decision
support



Learning Objectives

« Explain data integration and the
extraction, transformation, and load (ETL)

Processes

* Describe real-time (active) data
warehousing

« Understand data warehouse
administration and security iIssues



Operational vs. multidimensional view of sales
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Multidimensional View of Sales

Time Dimension

15-May-10

16-May-10

Sales are located in the intersection

of a customer row and time column.

Aggregations are provided
for both dimensions.



Data Warehousing
Definitions and Concepts

« Data warehouse

A physical repository where relational data
are specially organized to provide
enterprise-wide, cleansed data in a
standardized format




Data Warehousing
Definitions and Concepts

» Characteristics of data warehousing
— Subject oriented
— Integrated
— Time variant (time series)
— Nonvolatile



Data Warehousing

Definitions and Concepts

e Data mart

A departmental data warehouse that stores
only relevant data

» Operational data stores (ODS)

A type of database often used as an interim
area for a data warehouse, especially for
customer information files



Data Warehousing
Definitions and Concepts

 Enterprise data warehouse (EDW)

A technology that provides a vehicle for

pushing data from source systems into a
data warehouse

* Metadata

Data about data. In a data warehouse,
metadata describe the contents of a data
warehouse and the manner of its use



Data Warehousing
Process Overview

Applications
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Data Warehousing
Process Overview

* The major components of a data
warehousing process

— Data sources

— Data extraction

— Data loading

— Comprehensive database
— Metadata

— Middleware tools



Data Warehousing Architectures

* Three parts of the data warehouse

— The data warehouse that contains the data and
associated software

— Data acquisition (back-end) software that
extracts data from legacy systems and external
sources, consolidates and summarizes them,
and loads them into the data warehouse

— Client (front-end) software that allows users to
access and analyze data from the warehouse



Data Warehousing Architectures

* Issues to consider when deciding which
architecture to use:

— Which database management system (DBMS)
should be used?

— Wil parallel processing and/or partitioning be
used?

— Will data migration tools be used to load the
data warehouse?

— What tools will be used to support data retrieval
and analysis?



Data Warehousing
Process Overview

Transactional Users % | % : % i .i%\ i %
Transactional Data - -

Data Base Design

5
— E =
2 i8S &I g i
Data Transformation - T =
Q = o H='.'I E
RN
Operational €@ e ila
Data Store (ODS) 8 E 2 1 'E
$lis || E g
"Enterprise” 'E 8 é _E E
Data Warehouse = g £ E &
.
& of
Data Replication % g B iz
g g & o
Eis n1gifs
Data Marts 3 E £ IED
= = = 3
T B e ‘E m
i w
Decision Users % % % % : =
I E
i =
Strategic Tactical  Reporting Data  Event-driven/
Users Users OLAP Users Miners Closed Loop Te}qﬂqg[ﬂ'




Data Integration and the
Extraction, Transformation,
and Load (ETL) Process

« Data integration

Integration that comprises three major
processes: data access, data federation,
and change capture. When these three
processes are correctly implemented, data
can be accessed and made accessible to
an array of ETL and analysis tools and data
warehousing environments



Data Integration and the
Extraction, Transformation,
and Load (ETL) Process

Extraction, transformation, and load (ETL)

A data warehousing process that consists of
extraction (I.e., reading data from a
database), transformation (i.e., converting
the extracted data from its previous form into
the form in which it needs to be so that it can
be placed into a data warehouse or simply
another database), and load (i.e., putting the
data into the data warehouse)




Data Integration and the
Extraction, Transformation,
and Load (ETL) Process

Transient
data source
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Other /
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Twelve Rules That Define a Data
Warehouse

. The data warehouse and operational environments are separated.

. The data warehouse data are integrated.

. The data warehouse contains historical data over a long time.

. The data warehouse data are snapshot data captured at a given point in

time.

. The data warehouse data are subject oriented.
. The data warehouse data are mainly read-only with periodic batch

updates from operational data. No online updates are allowed.

. The data warehouse development life cycle differs from classical

systems development. The data warehouse development is data-driven;
the classical approach is process-driven.

. The data warehouse contains data with several levels of detail: current

detail data, old detail data, lightly summarized data, and highly
summarized data.



Twelve Rules That Define a Data
Warehouse

9. The data warehouse environment is characterized by read-
only transactions to very large data sets. The operational
environment is characterized by numerous update
transactions to a few data entities at a time.

10. The data warehouse environment has a system that traces
data sources, transformations, and storage.

11. The data warehouse’s metadata are a critical component
of this environment. The metadata identify and define all
data elements. The metadata provide the source,

transformation, integration, storage, usage, relationships,
and history of each data element.

12. The data warehouse contains a chargeback mechanism

for resource usage that enforces optimal use of the data by
end users.



Data Integration and the
Extraction, Transformation,
and Load (ETL) Process

* Issues affect whether an organization will
purchase data transformation tools or build
the transformation process itself

— Data transformation tools are expensive

— Data transformation tools may have a long
earning curve

— It is difficult to measure how the IT organization
IS doing until it has learned to use the data
transformation tools




Data Integration and the
Extraction, Transformation,
and Load (ETL) Process

* Important criteria in selecting an ETL tool

— Abillity to read from and write to an unlimited
number of data source architectures

— Automatic capturing and delivery of metadata
— A history of conforming to open standards

— An easy-to-use interface for the developer and
the functional user



Data Warehouse Development

* Direct benefits of a data warehouse
— Allows end users to perform extensive analysis
— Allows a consolidated view of corporate data
— Better and more timely information A
— Enhanced system performance
— Simplification of data access



Data Warehouse Development

* Indirect benefits result from end users using
these direct benefits

— Enhance business knowledge

— Present competitive advantage

— Enhance customer service and satisfaction
— Facilitate decision making

— Help in reforming business processes



Data Warehouse Development

« Data warehouse development approaches
— Inmon Model: EDW approach
— Kimball Model: Data mart approach

e Which model is best?

— There Is no one-size-fits-all strategy to data
warehousing

— One alternative Is the hosted warehouse




Data Warehouse Development

« Data warehouse structure: The Star
Schema
— Dimensional modeling

A retrieval-based system that supports high-
volume query access

— Dimension tables
A table that address how data will be analyzed



Data Warehouse Development

Star Scherma Example
Automobile Insurance Data Warehouse

Y k
Claim Information

Location Time
Dimension: Facts:
How data will be accessed (e.g. by Central table that contains
location, time period, type of automabile summarized (usually) information; also
or driver) contains foreign keys to access each

dimension table




Simple star schema

Product
dimension

Time
dimension

Location
dimension




Attribute hierarchies in
multidimensional analysis

Product
dimension




Star schema for SALES

10C_ID
LOC_DESCRIPTION

REGION_ID
LOC_STATE M M
LOC_CITY TIME_ID
25 records LOC ID
M, custID
PROD_ID M

Lol SALES_QUANTITY
CUST_FNAME SALES TOTAL
CUST_INITIAL 3,000,000 records

CUST_DOB

125 records

Daily sales aggregates
by st();re, customer, and

product

1

TIME_ID

TIME_YEAR

TIME_QUARTER

TIME_MONTH

TIME_DAY

TIME_CLOCKTIME
365 records

PRODUCT

PROD D

PROD_TYPE_ID

PROD_BRAND

PROD_COLOR

PROD_SIZE

PROD_PACKAGE

PROD_PRICE

3,000 records



Normalized dimension tables

TIME_ID
LOC_ID
CUST_ID

PROD_ID

SALES_QUANTITY
SALES_PRICE
SALES_TOTAL




Multiple fact tables

SALES REGION
TIME_ID

REGION_ID

REGION
REGION_ID

CUST_ID

PROD_ID

SLSREG_QUANTITY

SLSREG_PRICE

REGION_NAME

STATE
STATE_ID

SLSREG_AMOUNT

TIME_ID

STATE_NAME

STATE_ID

REGION_ID

any
CITY_ID

CUST_ID
PROD_ID

CITY_NAME

SLSSTA_QUANTITY

SLSSTA_PRICE
SLSSTA_ AMOUNT

STATE_ID

LOCATION
LOC_ID

LOC_DESCRIPTION

CITY_ID

TIME_ID

 CITY_ID

CUST_ID

PROD_ID

SLSCIT_QUANTITY

SLSCIT_PRICE

SLSCIT AMOUNT

SALES LOCATION
TIME_ID

LOC_ID

CUST_ID

PROD _ID

SISLOC_QUANTITY

SLSLOC_PRICE

SLSLOC_AMOUNT



From E/R to ME/R

Multidimensional Entity/Relationship

Transactional structures
in analytical map

SSSSSSS



3 Steps Method

Title

Identifying business
processes

Creating fact
relationships

Forming dimensions

©2012- 2015
MSC.ESE

Description

Splitting an E/R into one or
more business processes

N-m relationships between
strong entities revealed the
facts relation, the numerical
attributes are candidates for
key figures

Content summarization of the
remaining entities into groups
that are dominated by
powerful entities.

32



Example 1

rt
Country |1n Department e
O,n
lil
Province |—o0n 0,n— Semester
data Semester
\ Identifier
Province
Identifier \ @
@ Beginning
Semester, D.epartment,
Province
country funds
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1. Identifying Relevant Data

Department
Department identifier

Country

Identifier
~—

o,n—{ Semester

Semester

\ Identifier
Begin_nb

Semester, Department,
Province

o2012.20s  Data of interest -
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2. Finding Intersection
Entities

egartmen
Country |in Department tdcntifier
|
O,n
i
lil
Province 0,n 0,n Semester
data Semester
\
Province
Identifier == \ @
7 Beginning

7 students

Semesttl:)l;,o I‘?ienyét;mnent,
Central @ —
Intersection Entity
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3. Forming Dimensions

Dimension
“Department”

epartmen

Departﬁ/ Identifier

Province

0— Semester
Semester

\ Identifier
Begin@ @

Semester, Department,
Province

country funds

Dimension “Region”
Dimension “time”
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Departmen
Identifier

Department

| A .

time-dependent
data

Counry |

Country
Identifier

Provmce

Semester ,
_ Semester

Province
Identifier,

Semester, Department,

# promotion -
Province

e°e
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Example 2

to
Group
Identifier 1.1

——

Material Group | 1,n — Belongs

ateria Material — 0,n
Identifier

— /
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Sales perso
dentifier

e Qanment
dentifier

Sales Department]

|

Sales Person

Customer id, Material id,

e

1,n
1,1 Belongs
to
o,n— Customer

Sales person id

Customer
\ Identifier
@
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1. Identifying Relevant Data

e Qanment
dentifier

Sales Departmen ‘

Sales perso
dentifier

Material Group} 1,n Belongs Sales Person 1,1 Belongs
to | to

Group

Identifier
N o g

ateria 0,n— Customer
Identifier Custo.njner
e \ Identifier

City

Customer id, Material id,

Sales person id

Data of interest
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2. Finding Intersecti
Entities

on

e Qanment
dentifier

Sales Department]

|

I

Customer

Sales perso 14
dentifier 1
Material Group} 1,n Belongs Sales Person 1,1 Belongs
to to
Group
Identifier 1.1
|
ateria Material Customer
Identifier =
City

Central
Intersection Entity
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3. Forming Dimensions

Dimension
dentifier

“Sales Person”
Sales Person 1,1

Material Group} 1,

Group

Identifier
o

Customer
Identifier

ateria
Identifier

Dimension

Dimension
“Customer”41

“Material”
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3. Forming Dimensions

Sales perso \
dentifier / h
~ |Sales Person [>

Department
- Mldentifier

&>
Identifier »

Sales
Transaction

Customer ¢}

Customer
Identifier

Customer id, Material id,
Sales person id
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4. Further refinement

Ren

ales person \

4 .egamnent
. : »dentifier
~ |Sales Person [ >

- [Material Group|
Goug ;
.Identiﬁer

Sales
Transaction

Cc

ustomer

Custome
Identifier
S

| ciy

Customer id, Material id,
Sales person id
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Into tables

Customer |

©2012- 2015
MSC.ESE




Granularity

e = "Detail” of a data structure

e High granularity: the data are
described by many
characteristics

* Low granularity: the data are
described by fewer
characteristics

e Positive impact on results of the

query
o Negative%gﬁects on performance -



High Relative Granularity

Country
Identifier

T

time-dependent

| Province |—
Province __
Identifier

TT———
# promotion Semester, D.epartment,
Province
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Low Relative Granularity

Country
Identifier

T

Province
time-dependent
data

# promotion Semester, Department,
Province

©2012- 2015
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Common Schema Models for Data Warehousing

b. Dimension
Table

fE_ b, Dimension|
Table

. [1a. Dimension a. Dimension| >

7. Dimension 2. Dimension it "'L Table __Table _romb'm
Table . _Table pimtb_atibute | oimta key | [FaciTablg] ~-{Dim2axey A1) |Dim2b Attribute
- 1 — -
Dim1_Key _EF“'T e Dim2_Key Dimta_Attribute —E Dim1_Key L-,QI Dim2a_Attribute
Dim1_Attribute Dim1_Key fr Dim2_Attribute mg—m
Dim2_Key m3_Key
DIm3_Key Dimé_Key =
Pl ey 3 3a. Dimension | Measured Dime
[t-Bimension| | [wessures (4. Dimension " Tablo Measure2 Table
__ Table Measure2 Table . Dimension R, K. nmak fab. Dimension
DIm3_Key Dimé_Key Table | po 7 i —L Table
DIm3b_Key Dim3a_Attribute Dimda_Attribute Dim4b_Key
Dim3_Attribute Dimé_Attribute %
DIm3b_Attribute Dim4b_Attribute
a) Star Schema b) Snowflake Schema
Table T—w—
— 1. {1. Fact Table
- Dimension Dirm1_Key lt
- = Table Dimi_Key od
i Dimension 'f'%mabié‘ on Dimzb_Key Dim1_Attribute o) gmg 3
Table ‘ = :
. [FactTable] - pimza_key J_l— Dim2b_Attribute . Dimension
Dim1_Key [3 Dimension Measuret Table
Dim1_Key Dimza_Attribute Table Moasura? [23. Dimension| * ale
Dim1_Attribute Dim2_Key (= Table 1| |- " Table Dim2b_Key
:m::q Dirn3_Key = 1 j_l— Dir2b_Attribute
oy 1 - —| Dim2a_Key
3.D on Al @, Dimension Dim3_Attribute [ FactTable] 7
o Weasure1 . D 1510 Dim2a_Attribute
M Table Dim2_Key 15 |
Dim3_Key Dimd_Key 4 Dimension] 2 gmﬁg
e
Din3_Attribute Dim4_Attribute oile.
Dimd_Key L] | Measurel
1 | 2
Dimd_Attribute -
c) Starflake Schema d) Galaxy Schema
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Data warehouse design and
implementation road map

* Identify and interview key users
Initial data * Define main subjects
gathering « Identify operational data model
* Define ownership of data
* Define frequency of use and update
* Define end-user interface
* Define outputs

* Prepare for loading
. De}i)::e initial and update processes
* Define transformation
* Map from operational data
* Integrate and transform
= Load data, index data, and
validate data
* Verify metadata and star schemas

Loading and

testing




Data Warehouse Development

 Some best practices for implementing a
data warehouse (Weir, 2002):

Project must fit with corporate strategy and
business objectives

There must be complete buy-in to the project
by executives, managers, and users

It Is Important to manage user expectations
about the completed project

The data warehouse must be built
iIncrementally

Build in adaptabillity



Data Warehouse Development

 Some best practices for implementing a
data warehouse (Weir, 2002):

The project must be managed by both IT and
business professionals

Develop a business/supplier relationship

Only load data that have been cleansed and
are of a quality understood by the organization

Do not overlook training requirements
Be politically aware



Data Warehouse Development

* Failure factors in data warehouse projects:
— Cultural issues being ignored
— Inappropriate architecture
— Unclear business objectives
— Missing information
— Unrealistic expectations
— Low levels of data summarization
— Low data quality



Real-Time Data Warehousing

 Real-time (active) data warehousing

The process of loading and providing data
via a data warehouse as they become
avallable



Real-Time Data
Warehousing

A - Fair lsaac >
Entarprize Dacisioning
Managemeant
ACTIVATING
Reaktime Decisioning MAKE it happen!

Applications

OPERATIOMALIZING
Predictive Models WHAT IS happening?

P PREDICTING

agmemmion

ol Profilas WHAT WILL happen?
ANALYZING

WHY did it happen

Event-based
triggaring takes hold
REPORTING Continous updance &
WHAT happened? fime-sansitive queries
E Analytical become important Batch
d madeling grows
= Ad Hoo .
‘ Increasa in ad hoc
analysis Analytics .
Su?;m;laiﬂg;ﬁg Continuous Update'Short Quarias .

Event-basad Triggaring

DATA WAREHOUSING FOUNDATION




Extracting knowledge from

data

Processing

High

& » Artificial intelligence
* Knowledge discovery
* Neural networks, etc.

> + Data mining
* OLAP

* DSS
* Data warehouse

* OLTP
* Operational database

Data-mining tools use advanced techniques from knowled§e
discovery, artificial intelligence, and other fields to obtain “knowledge”
and apply it to business needs. Knowledge is then used to make
predictions of events or forecasts of values such as sales returns.
Several OLAP tools have integrated at least some of these data-mining
features in their products.



