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ICT in companies

 Up to some years ago, the main goal of databases in 

companies  has been that of storing operational data, 

i.e., data generated by operations carried out within 

business processes

 Computer science was seen as a subsidiary 

discipline that makes information management faster 

and cheaper, but does not create profits in itself
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The evolution of 

information systems
 The role of computer science in companies has radically 

changed since the early 70’s. ICT systems turned from 

simple tools to improve process efficiency into key factors of 

company organizations capable of deeply impacting on the 

structure of business processes

The twofold role

of computer science

Auxiliary technology 

to manage the 

company 

information system

Organizational 

discipline that impacts 

on business processes, 

services, and company 

structure
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The new role of computer 

science in decision making
 An exponential increase in operational data has 

made computers the only tools suitable for providing 

data for decision-making performed by business 

managers

 The massive use of techniques for analyzing 

enterprise data made information systems a key 

factor to achieve business goals
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Business intelligence

 A set of tools and techniques that enable a company to 
transform its business data into timely and accurate information 
for the decisional process

 Business intelligence systems are used by decision makers to get a 
comprehensive knowledge of the business and of the factors that 
affect it, as well as to define and support their business strategies

 The goal is to enable data-based decisions aimed at gaining 
competitive advantage, improving operative performance, 
responding more quickly to changes, increasing profitability and, in 
general, creating added value for the company
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The BI pyramid

OPERATIONAL APPLICATIONS

data sources

OLAP ANALYSIS

data warehouse

INFORMATION EXPLORATION

statistical techniques

DATA MINING

learning models

WHAT-IF ANALYSIS

simulation models

decisions

data

information

knowledge
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Spread of BI over time
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Decisional cycle in BI

 They support the decisional process providing information to 

manager and knowledge worker 

 Their reference model is the control loop: 

 The managerial processes differ from the operational ones since:

• Are based on indicators, that synthetic and aggregated

• Processing is periodical rather than continuous 

• They rely on operational IS since they extract data from them

Goals definition

Outcomes evaluation

choice of corrective

actions

Operational activities – External environment

Informazioni sui risultati raggiunti



Data Warehousing
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data = information

From data to information

 Information assets are immensely valuable 
to any enterprise, and because of this, 
these assets must be properly stored and 
readily accessible when they are needed

 However, the availability of too much data 
makes the extraction of the most important 
information difficult, if not impossible
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From data to information

 A company must be have 

quick access to all the 

information needed for 

decision making

 Strategic knowledge is 

extracted from the huge 

amount of operational data 

stored in enterprise databases, 

through a selection and 

aggregation process

Strategic knowledge

Selected information

Quantity

Value

Primary data sources

Reports



12

A typical scenario...

 ... is that of a large company, with several branches, whose 
managers wish to quantify and evaluate the contribution given 
from each branch to the global profit
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A typical scenario...

 ... is that of a large company, with several branches, whose 
managers wish to quantify and evaluate the contribution given 
from each branch to the global profit

DATA

WAREHOUSE

a repository of information that 

collects and integrates data coming 

from different, heterogeneous 

sources making them available for 

analyses aimed at planning and 

decision making
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Queries

 OLTP:

 They execute transactions that generally read/write a small 

number of tuples from/to many tables connected by simple 

relations

 The essential workload core is “frozen” in application 

programs, and ad hoc data queries are occasionally run for 

data maintenance

 OLAP:

 Dynamic, multidimensional analyses that need to scan a 

huge amount of records to process a set of numeric data 

summing up the performance of an enterprise 

 Interactivity is an essential property for analysis sessions, so 

the actual workload constantly changes as time goes by
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OLTP and OLAP

 A mix of analytical queries with transactional routine 
queries inevitably slows down the system, and this 
does not meet the needs of users of both types of 
queries

separate online analytical processing (OLAP) from 

online transactional processing (OLTP) by creating a 

new repository that integrates data from various 

sources and then makes data available for analysis and 

evaluation aimed at decision-making processes
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Some fields of application

 Trade (sales and claims analyses, shipment and 
inventory control, customer care and public relations)

 Craftsmanship (production cost control, supplier and 
order support)

 Financial services (risk analysis and credit cards, 
fraud detection)

 Transport industry (vehicle management)

 Telecommunication services (call flow analysis and 
customer profile analysis)

 Health care service (patient admission and discharge 
analysis and bookkeeping in accounts departments)

 .................
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Data Warehousing:

 A collection of methods, techniques, and 

tools used to support knowledge workers

(senior managers, directors, managers, and 

analysts) to conduct data analyses that help 

with performing decision-making processes 

and improving information resources
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User claims

 We have heaps of data, but we cannot access them!

 How can people playing the same role achieve 

substantially different results?

 We want to select, group, and manipulate data in every 

possible way!

 Show me just what matters!

 Everyone knows that some data is wrong!

R. Kimball, The Data Warehouse Toolkit
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Requirements for the 

warehousing process

 accessibility to users not very familiar with IT and 

data structures

 integration of data on the basis of a standard 

enterprise model

 query flexibility to maximize the advantages obtained 

from the existing information

 information conciseness allowing for target-oriented 

and effective analyses

 multidimensional representation giving users an 

intuitive and manageable view of information

 correctness and completeness of integrated data
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The Data Warehouse

 In the middle of this process, a data 

warehouse is a data repository that fulfills the 

requirements

 A data warehouse is a collection of data that 

supports decision-making processes. It 

provides the following features:

 It is subject-oriented;

 It is integrated and consistent;

 It shows its evolution over time and it is not volatile
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...subject-oriented

bookings

ticket 

computation

exams

admissions

operational

database 

application-oriented

divisions

subject-oriented

data 

warehouse

pysicians

patients



Data Warehouse
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...integrated and

consistent

Data warehouses take 
advantage of multiple data 
sources, such as data 
extracted from production and 
then stored to enterprise 
databases, or even data from 
a third party’s information 
systems. A data warehouse 
should provide a unified view 
of all the data.

Operational and

external data

Loading

Extraction

Cleaning

Transformation

Validation Filtering
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...shows its temporal evolution

DW

Rich historical content,

time is part of the keys,

a snapshot of data taken at a

given time cannot be updated

Operational DB

Limited historical content, 

time is often not part of the 

keys, data are updated
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...non volatile

 no need for advanced transaction management 

techniques required by operational applications

 key problems are query-throughput and resilience

Operational DB

insert delete

update

Huge data volumes:

from 50 GBs to some TBs

in a few years

load accessDW



Summarizing
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 Operational DBs Data warehouses 
users thousands hundreds 

workload predefined transactions ad hoc analysis queries 

access 
to hundreds of records, 
read and write 

to millions of records,  
mostly read-only 

goal application-dependent decision support 

data 
elementary, numeric and  
alphanumeric 

aggregated, mostly numeric 

data integration application-based subject-based 
quality in terms of integrity in terms of consistency 

temporal span current data current and historical data 
update continuous periodic 
model normalized multidimensional 

optimization 
for OLTP accesses on a fraction 
of database 

for OLAP accesses on a 
large part of database 
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Architectural requirements

Separation Analytical and transactional processing should 
be kept apart as much as possible

Scalability Hardware and software architectures should be 
easy to upgrade as the data volume, which has to be managed 
and processed, and the number of users’ requirements, which 
have to be met, progressively increase

Extendibility The architecture should be able to host new 
applications and technologies without redesigning the whole 
system

Security Monitoring accesses is essential because of the 
strategic data stored in data warehouses

Administerability Data warehouse management should not 
be overly difficult
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Two-layer architectures

Data Warehouse

Operational data External data

ETL tools

Data marts

Reporting tools

OLAP 

tools

Data mining

tools

What-if analysis

tools

Source layer

Data warehouse

layer

Analysis

Data staging

Meta-data

DATA MART:

A subset or an 

aggregation of the 

data stored to a 

primary data 

warehouse. It 

includes a set of 

information pieces 

relevant to a specific 

business area, 

corporate department, 

or category of users.



Two-layer architectures

 Pros:

 At the level of the warehouse a quality information is continuously 
available even when, for technical or organizational issues, access 
to the sources is temporarily denied

 The analytical queries performed on the DW does not interfere with 
the handling of transactions at the operational level, whose 
reliability is essential to business operations

 The logical organization of the DW is based on the 
multidimensional model, while the sources typically offer relational 
models

 There is temporal and granularity discrepancy between OLTP 
systems, handling current at the maximum level of detail, and 
OLAP systems that operate on historical and summarized data

 At the DW level you can use specific techniques to optimize 
applications for performance analysis and reporting

28
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Three-layer architectures

Reconciled data

Operational data External data

ETL tools

Reporting 

tools
OLAP

tools

data mining

tools

What-if analysis

tools

Source layer

Data warehouse

layer

Analysis

Data staging

Meta-data
Loading

RECONCILED 

DATA:

operational data 

obtained after 

integrating and 

cleansing source 

data. As a result, 

those data are 

integrated, 

consistent, 

appropriate, current, 

and detailed

Reconciled layer

Data Warehouse

Data marts



Three-layer architectures

 The main advantage of the reconciled data level is 
that it creates a common data model and reference 
for the whole company, while introducing a clear 
distinction between issues related to the extraction 
and integration of data from sources and those 
inherent the DW feeding

 On the other hand, reconciled data introduce 
additional redundancy compared with source 
operational data

30



Architectures: 

another classification

 Data mart independent

 Data mart bus

 Hub-and-spoke

 Centralized data warehouse

 Federation

31



Data mart independent

 First approach to data warehousing

 Inconsistency issues
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Data source Data source

ETL tools

Data mart

Report

tools
OLAP

tools

Data mining

tools

What-if

analysis

tools

Meta-data

Data source

Data mart

Meta-data



Data mart bus

 Approach suggested by Kimball

 Logical level integration

 “Enterprise view”
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Data source Data source

ETL tools

Data mart

Meta-data

Data source

Data mart

Meta-data
conformed

dimensions

Report

tools

OLAP

tools

Data mining

tools

What-if

analysis

tools

http://en.wikipedia.org/wiki/Ralph_Kimball


Hub-and-spoke

 One of the most used 

architectures in medium 

to large environments
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OLAP

tools

Reconciled Data

Operational Data External  Data

ETL tools

Data mart

Meta-data
Loading

Report

tools
Data mining

tools

What-if

analysis

tools



Centralized Data warehouse

 Approach suggested by 

Inmon

 Logical, more than

physical, implementation

of a hub-and-spoke

architecture
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OLAP

tools

Reconciled Data

Operational Data External  Data

ETL tools

Data mart

Meta-data
Loading

Report

tools
Data mining

tools

What-if

analysis

tools

http://en.wikipedia.org/wiki/Bill_Inmon


Federation

 Good for highly dynamic environments (mergers and 

acquisitions)

 Problem of effective and efficient integration
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Data source

Data mart

Data source

Data mart

Data source

Data mart

Logical- physical Integration

OLAP

tools

Report

tools
Data mining

tools

What-if

analysis

tools

Meta-data



Choosing between

architectures
 Information interdependence among organizational units in 

company

 encourages the adoption of enterprise-wide architectures

 Urgency of the data warehousing project

 encourages the adoption of “fast” architectures

 Constraints on economic and human resources

 Role of the project within the business strategy

 independent data marts vs. hub-and-spoke

 Compatibility with existing platforms

 Skills of the IT staff

 Organizational position of the sponsor of the project

 enterprise architectures vs. departmental architectures

37
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ETL

 ETL (Extraction, Transformation and Loading) processes 

extract, integrate and clean data from operational sources to 

feed the data warehouse layer

 In a three-layer architecture, ETL processes actually feed the 

reconciled data layer—a single, detailed, comprehensive, top-

quality data source—that in its turn feeds the data warehouse

 ETL takes place once when a data warehouse is populated for 

the first time, then it occurs every time that data warehouse is 

regularly updated

 extraction

 cleaning

 transformation

 loading



Extraction

 Relevant data are extracted 

from operational sources

 static extraction is used when a 

data warehouse is populated 

for the first time

 Incremental extraction is used 

to update data warehouses 

regularly, and it seizes the 

changes applied to source 

since their latest extraction

Operational and

external data

Loading

Extraction

Cleaning

Transformation

Data Warehouse



Cleaning

 The cleaning phase is 
supposed to improve data 
quality—normally quite poor 
in sources 
 duplicate data

 inconsistent values that are 
logically associated

 missing data

 unexpected use of fields

 impossible or wrong data

 inconsistent values for a single 
entity because different 
practices were used

 inconsistent values for a single 
entity because of typing 
mistakes

Operational and

external data

Loading

Extraction

Cleaning

Transformation

Data Warehouse



Transformation

 It converts data from its 
operational source format 
into a specific data 
warehouse format

 Establishing a mapping 
between the source data 
layer and the data 
warehouse layer is generally 
made difficult by the 
presence of many different, 
heterogeneous sources

Operational and

external data

Loading

Extraction

Cleaning

Transformation

Data Warehouse



Loading

 It loads data into the DW

 Refresh:  data warehouse 

data is completely 

rewritten. This means 

that older data is 

replaced

 Update:  only those 

changes applied to 

source data are added to 

the data warehouse

Operational and

external data

Loading

Extraction

Cleaning

Transformation

Data Warehouse



Towards the multidimensional

model
"What business were registered last year for each 

region and each product category?“

"What is the relationship between performance of 
shares of PC manufacturers and quarterly profits 
along the last 5 years?“

"What are the types of orders that will maximize 
revenues?“

"Which of two new therapies is more effective for 
decreasing the average length of hospitalizations?“

"What is the relationship between the profits made 
with shipments of less than 10 items and those made 
with shipments of more than 10 items?"

43
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The multidimensional model

 It is the key for representing and querying 

information in a DW

 Facts of interest are represented in cubes

where:

 each cell stores numerical measures that quantify 

the fact from different points of view;

 each axis is a dimension for analyzing measure 

values;

 each dimension can be the root of a hierarchy of 

attributes used to aggregated measure values
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The Sales cube

date

product

store

10-1-2011

BigWare

screw

10
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Slicing and dicing

date

s
to

re

‘BigWare’

date

s
to

re

‘BigWare’

'5
/4

/2
0
0
1
'

date
s
to

re

year=2010

region='Lombardia'

category=’clothing'
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Hierarchies

Shiny

Bleachy

Brighty

CleanHand

Scent

F Slurp Milk

U Slurp Milk

Slurp Yogurt

DrinkMe

Coky

EverMore

SmartMart

ProFit

EvenMore

Cleaner

Soap

Dairy

product

Drink

Chicago

Miami

Orlando

House

cleaning

Food

Illinois

Florida

All products

All stores

product                   type                  category

negozio                      città                  regione
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Aggregation

date

product

store

month

product
type

product
type

month

store
city

S

S



Aggregation
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 BigWare1 BigWare2 NotOnlyJelly 

1/1/2000 - - - 

2/1/2000 10 15 5 

3/1/2000 20 – 5 

.......... .......... .......... .......... 

1/1/2001 - - - 

2/1/2001 15 10 20 

3/1/2001 20 20 25 

.......... .......... .......... .......... 

1/1/2002 - - - 

2/1/2002 20 8 25 

3/1/2002 20 12 20 

.......... .......... .......... .......... 

 

 BigWare1 BigWare2 NotOnlyJelly 

January 2000 200 180 150 

February 2000 180 150 120 

March 2000 220 180 160 

.......... .......... .......... .......... 

January 2001 350 220 200 

February 2001 300 200 250 

March 2001 310 180 300 

.......... .......... .......... .......... 

January 2002 380 200 220 

February 2002 310 200 250 

March 2002 300 160 280 

.......... .......... .......... .......... 

 

 BigWare1 BigWare2 NotOnlyJelly 

2000 2400 2000 1600 

2001 3200 2300 3000 

2002 3400 2200 3200 

 

 BigWare1 BigWare22 NotOnlyJelly 

Totale: 9000 6500 7800 
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Data analysis techniques

 Once data have been cleaned, integrated, and 

transformed, users must be enabled to take 

maximum advantage from the resulting information 

assets

 There are two different approaches for querying data 

warehouses, supported by different types of tools:

 reporting: no ICT skills required

 OLAP: users must be able to reason according to the 

multidimensional paradigm, and they must be acquainted 

with the visual interface of the tool
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Reporting
geared towards users 

who need to regularly 

access information 

with fixed structure

Receipts

0

20

40

60

80

100

Aug-08 Sep-08 Oct-08

K$

Clothes Food Furniture

Perfumes House cleaning Free time

Oct-08

Sep-08
Clothes

Food

Furniture

Perfumes

House cleaning

Free time

Aug-08

Receipts (K$) Oct. 2008 Sep. 2008 Aug. 2008

Clothes 80 100 50

Food 20 40 10

Furniture 50 5 10

Perfumes 25 35 20

House cleaning 15 20 5

Free time 60 50 20
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Reporting
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OLAP

 OLAP is the main way to exploit information in a data 

warehouse

 It gives end-users, whose analysis needs are not 

easy to define beforehand, the opportunity to analyze 

and explore data interactively on the basis of the 

multidimensional model

 While users of reporting tools play a passive role, 

OLAP users are able to actively carry out a complex 

analysis session, where each step is the result of the 

outcome of preceding steps
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OLAP session

 An OLAP session consists of a navigation path that 
corresponds to an analysis process for facts 
according to different viewpoints and at different 
detail levels. This path is turned into a sequence of 
queries, which are not issued directly, but 
differentially expressed with reference to the previous 
query

 Every step of an analysis session is characterized by 
an OLAP operator that turns the latest query into a 
new one

 The results of queries are multidimensional; OLAP 
tools typically use tables to display data, with multiple 
headers, colors, and other features to highlight data 
dimensions
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OLAP operators

roll-up
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OLAP operators

roll-up
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OLAP operators

roll-up
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OLAP operators

drill-down
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OLAP operators

drill-down
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OLAP operators

drill-down
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OLAP operators

slice-and-dice
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OLAP operators

slice-and-dice
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OLAP operators

slice-and-dice
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OLAP operators

pivoting
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OLAP operators

pivoting
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OLAP operators

pivoting



OLAP operators
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drill-across



OLAP: operators
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drill-across
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 Why adopting the relational technology to store data to a data 
warehouse?

1. huge amount of literature written about the relational model
2. broadly available corporate experience with relational database usage 

and management
3. top performance and flexibility standards of relational DBMSs

 Data are stored in a relational DBMS, in a detailed and pre-
aggregated form

 Need for specific types of schemata to map the multidimensional model 
onto the relational model: star schema

 The performance problem requires denormalization to avoid expensive 
joins

ROLAP (Relational OLAP)

Relational server

Multidimensional

engine

OLAP 

client

back-end
front-end

Meta-data
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MOLAP 

(Multidimensional OLAP)
 Based on an ad hoc logical model that can be used 

to represent multidimensional data and operations 
directly

 Data are physically stored in arrays with positional 
access

 The greatest advantage of MOLAP systems in comparison 
with ROLAP is that multidimensional operations can be 
performed in an easy, natural way without any need for 
complex join operations

 However, MOLAP implementations have very little in 
common, because no multidimensional logical model 
standard has yet been set; generally, they simply share the 
usage of optimization techniques specifically designed for 
sparsity management


