3. Data storage
and data
structures in
Warehouses




Issues with

datawarehouses

Describing the data (metadata)

Organizing different «views» of the
data (data mars)

Creating high-level data schemas for
better analysis

Operations with DW (how do we get
information)



Elements in a datawarehouse

sources data warehouse data presentation
marts

operational
S}istem metadeta
staging area

reporting
tools

analysis

tools

external ETL . summary
data tools data

data mining
tools

*Metadata is the information that defines the data. Its primary role is to simplify working with data instances, adding sematics
and clarifying the meaning of collected data and descriptors.

Summary data is generated by applying specific OPERATIONS to the data, with the purpose of aggregating information

along specific dimensions (such as time, location, product type..)

eRaw data is the actual data loading into the repository, which has not been processed. Having the data in its raw form makes
it accessible for further processing and analysis.

eData marts are specific, department or application dependent views of the data.




Issues with

datawarehouses

Describing the data (metadata)

Organizing different «views» of the
data (data mars)

Creating high-level data schemas for
better analysis

Operations with DW (how do we get
information)



e What is metadata? “Data about data”
* Additional data added to data for the purpose
of maintenance, retrieval, and documentation

.  Needed by both information technology
Addlng Meta personnel and business users

Datg e |T personnel need to know data sources and
targets; database, table and column names;
refresh schedules; data usage measures; etc.

e Business Users need to know entity/attribute ’
definitions and reports/query tools available

/
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* The Meta data functional element is
responsible for maintaining
information (meta data) about the

operation and rules of the data
warehouse.

Metadata

* |t also documents the data mappings
used during the transformation.




Metadata is the «who, what, where, why, when

T I PO O O G S (-

Who created this
data?

Who s the Steward of
this data?

Who s using thes
data?

Who "owns” this
data?

Who s regulating or
auditing this data?

and how» of data

What & the business
definition of this data
eement?

What are the business
rubes for this data?

What i the secunity
level or privacy level
of this data?

What s the
abbrevation or
acranym for this data
eement?

What are the technical
namung standards for
database
mmplementation?

Where s ths data
stored?

Where did ths data
come from?

Where s ths data
used & shared?

Where = the backup
for ths data?

Are there regional
prvacy or secunty

polices that reguiste

thisdata?

Why are we stonng
thisdata?

What s its usage &
purpose?

What are the business
drivers for using this
data?

When was thes data
created?

When was this data
last updated?

How long should it be
stored?

When doesit need to
be purged/deleted?

How s this data
formatted?
{character, numeric,
etc)

How many databases
or data sources store
thes data?



In a sense,
attribute names

are the simplest
type of metadata

* For a computer software,
attribute names could be
numeric: instead, we choose
intelligible labels to help
humans understanding the
meaning of data.

Customer
First Name | Last Name Company City -
Purchased
Joe Smith Komputers RUs | New York 1970
Mary Jones The Lord’s Store London 1999
Proful Bishwal The Lady’s Store | Mumbai 1998
Ming Lee My Favorite Store Beijing 2001




Meta-data add context and definitions, and reduce
ambiguity

Customer

First Name | Last Name City M‘:;'“ y
Joe Smith Kompulers R Us | New York 1970
Mary Janes The J6rd’s Store Landon 1999
Praful Bshwal e lady’s Stare | Mumba 1998
Ming My Favorite Store| Bejing 2001

Is this the city where the customer lives
or where the store is located?

Busin ess Rules

Format

Abbreviation

Last Name represents the surname or family name of
an mdwidual.

In the Chinese market, family name s lsted firstin
salutatsons.

VARCHAR{30)

LNAME

YES

Numerous technical & business metadata including
secunty, privacy, nulability, primary key, etc.



Metadata Noiaists
Catego ries Categories

* Technical metadata describes the
information required to access the
data, such as where the data resides

or the structure of the data in its Business Technical Operational
native environment. Metadata Metadata Metadata

* Business metadata details other
information about the data, such as
keywords related to the meta object
or notes about the meta object.

* Operational metadata: information
about data movement, source and
target systems, rules of usage,
backups, recovery, last updates..



Technical and Business Metadata

Data
Technical Metadata
Business Metadata

-
CREATE TABLE EMPLOYEE
cotigioy ol INTEGER NOT NULL
e g s en t_ud INTEGER NOT N Term Definition
CHAAILY O Baane VARCHAR SOy NLLLL
csdovee Mt  VARCHAR/ 9 NULL An emplayes 5 an indmndual who currently
PR - CHAR(9 NULL) Employee 'works for the arganzaton or who has been

recently employed wathn the past 6 months
CREATETABLE CUSTOMER ¢

s R A customer s a person or ogganezation who
Cusbossicr _ud INTEGER NOT N1
ushoter mase  VARCHAR SOV N1T1 Customer | ™= ;)u'-:.’}.r/.‘d from the organiza ton within
shster addees VARCHAR SO NULL the past 2 years and has an active loyaity card
Customier o oy VARCHARSO) NULL Or man e nance contaact
cuslossicy sLde CHAR D) NULL

Custisser g p CHAR(% NULL)

John Smith



Examples of Business and Technical metadata

’USIY ! 0
) r nn (:'1 t -\.J|"'f 'S "
A cu.’gomef sap pufd""‘ses a e Ofa(.‘e dat VAR Hq;ﬂ. 0)
“-\1at|00 “’Oﬂ‘w‘.' d5e CUS( a on
oductol ‘5?‘-“ ¢ d

w Business Metadata Technical Metadata

* Definitions & Glossary * Column structure of a database table

* Data Steward * DataType & Length (e.g. VARCHAR( 20))

* Organization * Domains

* Privacy Level * Standard abbreviations (e g. CUSTOMER ->

* Security Level CUST)

* Acronyms & Abbreviations * Nullability

* Business Rules * Keys ([primary, foreign, alternate, etc.)

* Etc * Validation Rules

* Data Movement Rules
* Permissions

* Etc. |



Example: Definition of Customer

‘A Customer 18 a compan
or imndividual who has
done business with us
in the last 10 years.”

“A Customer 18 someone
who has had their
credit approved.”

“A Customer 18 someone : :
“A Customer 18 a qualified

who has the potential to buyer of products that we
buy from us.” sell.”

Same entity can have different definitions in different contexts



Issues with

datawarehouses

Describing the data (metadata)

Organizing different «views» of the
data

Creating high-level data schemas for
better analysis

Operations with DW (how do we get
information)



Data storage: Data Marts and data structures

.:1||:| = .E .

A

[ Human Resources . |

g — 2= =
Finance _ Human Resources

—— i HHH% ;

Supply Chain | E 5
(MDD patawarehouse Finance

Data Marts




A data mart is one piece of a data
warehouse where all the
information is related to a specific
business area (e.g., sales, repairs,
shipment, customer care..).

 Therefore it is considered a subset
of all the data stored in that
particular database, since all data
marts together create a data
warehouse.

* Data marts are a specific VIEW of 0
the data, tailored for specific types
of analyses (e.g. business ,
management, assistence and
repairs, customer care..). /
o




Example of data mart

Sales Data Mart Sales data mart

Worker * Since this is a data

Sales Person D

ofe Coce [ mart, all the

Adcress el information
e contained in this
E:EE%;H 4 data structure is
Product_ID only relative to
§$|“|D \ sales and its

S e dependencies.

Supplier D Product 1D
Mame Mame

Contact Categary
Type




sz <\
Data Scope: \

* Onone hand, data warehouses
save all kinds of data related to

system.
Why data * On the other hand, data marts just
Marts? store specific subject information,

becoming much more focused on
these functionalities.




Data Marts
serve

specific user
groups

Data Marts

User Group 1

- - - -

User Group 2 |

User Group 3 |

- - B -




1. Size

A data warehouse is usually much
bigger than data marts, because it

Why data keeps a lot more data.

Marts? 2. Integration

* A data warehouse integrates several
sources of data in order to feed its
database and the system’s needs.

* |In opposite, a data mart has a lot less
integration to do, since its data is very
specific (e.g. for customer
relationships integrating only social and
purchase data of customers)




Why data

Marts?

3. Creation

Creating a data warehouse is way more
difficult and time consuming than
building a data mart.

Since data marts are smaller and
subject oriented, these actions tend to
be much simpler.

However a well built data warehouse
can support large systems for the long
run. In the other hand a good data mart
is only limited to its activity area.



* Datamarts may create problems with
inconsistency. Since cleary there is
overlapping information among datamarts,
changing one piece of info on a mart

Cons Of without updating others, might create
inconsitency.
Data Marts * This problem has been widely recognized,

so data marts exist in two styles:

— Independent data marts are those
which are fed directly from the original
source data (OLTP). They can turn into
islands of inconsistent information.

— Dependent data marts are fed from an
existing data warehouse. Dependent
data marts can avoid the problems of
inconsistency, but they require that an
enterprise-level data warehouse
already exist




Example: TU hotel

chains

Hotel Reservation Database ° Th|5 iS the
“view” of the

c Ctountriss re S e rvat I O n
% - \ Hotels Hotel Arpe.nit‘ies Lookup
Country:name Hotel id Characteristic_id d e p a rt m e nt

Characteristic_description

Country_code

Hotel_name
Hotel_address
Hotel rooms Hotel_city e
Room number Hotel:zipcode Characteristic_id
Hotel_id Hotel id
Room_type
Room_floor
Guests
Room Bookings Guest number
v T Guest Bookings Guest_firstname
Booking id —
Room types Room_type_code Booking id Guest_lastname
Room type code Hotel_id - Guest_number Guest_address
Room_standard_rate Check_in date Guest_city
Room._descrlptlon Number_of_days guesz_mpcglde
Smoking_YN Room_count uest_emai




Ratings and Café are possible additional
Marts for the same domain

HotelComplainer Ratings
Database

(totally external company)

A Hotels
gRatmgS Hotel id
Elzttlgl i(ljd Country_code
Teite off ot ——1 Hotel_name
T oA Hotel_address
Star_rating o]
Review, text Hotel_zipcode
Customer
i Customer _number
Rat:'rl"ogt?(ljRatmg Customer_name
Customer id | Customer_address
Date_of_ratin Customer_city
—01_TaTine Customer_zipcode
Customer_email

Café in the Hotel Database

(same company but database is not
connected to the hotel)

Customer
Customer _number
Customer_name
Customer_address
Customer_city
Customer_zipcode

Food item
Order number
Food_item_id
Order_date
Order_time

Order
Order number
Customer_number
Hotel_id
Food_item_id
Order_date
Order_time
Table_number

Hotels
Hotel id
Country_code
Hotel_name
Hotel_address
Hotel_city
Hotel_zipcode




e Suppose TUCCI is a fashion
company. Their datawharehouse
store information about sales,
customer care & complaints,
supply chain, employees in the
various point of sales.

* How many data marts would you
organize?

exercise * Can you show two of these
datamarts (relevant entities and
connections) 0

* Can you add business metadata
to (at least some of the) entities ,
and attributes of one datamart?

/

In class

o




|J Eddresses
@ Address D

Address_Delals

oo

.l'i'u
| Locations
(@ Location_ID
D Address_ D
Locaion_Name
e Heafhwow Arpor

il
|’5I1||:-me-n1_Lm:au-:-na-]

@ Acoress_ 0
@ Mext Suppler 1D

@ Prvenous_ Suppler_iD

sSuppher_Mame
Contact Deinis
Oiher_Dalais

Products
@i Prodct 1D
@ Product Leved Code
@ Froduct Tepe Code
Product_Hmme
Produs_Descnplon
Other Oeiais

[

L

—N

L %

=

|
Sumﬂe-rs{_r_u-ﬂums-
Supplier_ID
B Froduct 1D

ii
i |

Customer_Shipments

i@ Location 1D

i@ shipment_id Jjﬂ'

P cusomer_id

i shipment_kd
alalya_coda
order_dsts
other_order_detadls

Note join tables to handle many-to-many relationships

o |-

'_15"“-': Red Product Types

= Ret_Product_Levels

@ Product_Level Code
P Parent_Product Lewel Code
Prosdacd_Lawdl Degcriphion

8y Aseambly, Componant, Sub.fssamily

1

]
@ Product_Type_Code
i} Farent Product Type Code
Produc]_Type_Descriplion
eq Chothes, Shiris

cugtomaer_il
payman_mathod_coda
Customer_rember
CSEROTMET_ MalTHE

Coar s RO _ DR
Customer_=mail

o _customer_delnis

r Shipment_Hems |
@ order_ttermn_sd
p|  shivmet_id
arder_quanity
other_fem_details




Issues with

datawarehouses

Describing the data (metadata)

Organizing different «views» of the
data

Creating high-level data schemas for
better analysis

Operations with DW (how do we get
information)



Abstract Level

Enterprise Model
(Objects, Properties)

Conceptual Data Model
(Entities, Attributes, Relations)

apA) 3y wawdojaraqg

Logical Data Model
(Tables, Columns, PKs, FKs)

Reverse Engineering

Physical Data Model
Detail Level (Tables, CRUD Operations, Indexes, Partitioning)

Data models: describing your data at
different levels of abstraction



Process the
warehouse:

models and
operations

Data Schema: In which way loaded
data are organized in a DW?

— Star
— Snowflake
— Multidimensional data (cubes)

Operators: Which operations we can
perform on the data?

— slice & dice

— roll-up, drill down
— pivoting

— other

30



Data schemas

* You already are familiar with schemas: in simple words, they
are set of connected tables describing relationships among
your data. They allow to answer “descriptive” questions about
your data.

m dept_manager ¥

dept_no CHAR(4)
| salaries ¥ emp_no INT(10)
emp_no INT{10) from _date DATE
to_date DATE
salary INT(11) _da

>

from _date DATE
to_date DATE Wb =
>
emp_no INT{10) i
birth_date DATE W v
first_name VARCHAR( 14)
:I titles - dept_no CHAR(4)
last_name VARCHAR(16) dept_name V ARCHAR(40)
emp_no INT{10) - -
gender ENUM(M','F) >
title VARCHAR(50) _
hire_date DATE
from _date DATE >
to_date DATE :I
- dept_emp ¥
>
‘ emp_no INT{10) ‘

Schemas in data wharehouses must be arranged in a way that
facilitates the aggregation/summarization of (and deeper analytics of) data.
We need specific types of schemas.




DW
Schemas:

Star
schema

The star schema architecture is the simplest
data warehouse schema.

It is called a “star” schema because the diagram
resembles a star, with points radiating from a
center.

The main idea is that the star center represents
the entity type (named FACT) which is the main
“focus” (e.g., sales) and the points of the star
are entity types called dimension (= relevant
ways of aggregating data).

The attributes (fields) of the central table
include these dimensions, plus other
dependent attributes. Dimensions are
«expanded» in tables associated with star,onts.

/
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Dimensions (context) { Calendar \

calendar_ID
year

quarter
rmaonth
holiday

time

Dimension keys

region_ID
region_name
region_district
region_country

Location

SALES /m

salesemp_ID
customer_|D
product_ID
calendar_ID

salesOrdNo
orderQty
unitPrice 5

customer_ID Customer care

customer_name
customer_desc

Sales Staff

salesemp_|D
salesemp_name
salesemp_desc

Measures

Human resource

management
Product

Product management

product_ID
product_name
product_desc



DW Star

schema:
dimensions

Dimensions are similar to the entity type concept in
standard schema, but their use is mostly intended for.

— filtering,
— aggregation and
— labelling of our data

Common dimensions are people, products, places and
time.

Each dimension is described by its own dimension table
in a star schema

Dimension tables have corresponding dimension
attributes

NOTE: identifying dimensions is important — it affects
the type of operations you can later perform to .
aggregate your data in an informative way.

/



Star Schema with example data (= values of attributes)

Product Period
Product Period
_Code | Description | Color | Size _Code | Year | Quarter | Month
100 Sweater Blua 40 ) 2004 1 4
110 Shoesg Brown | 10 1/2 002 2004 1 5
125 Giloves Tan M 003 2004 1 &
L L
N\
Product | Period | Store Units | Dollars | Dollars
Code | _Code | _Code | _Sold _Sold _Cost
110 002 =1 30 1500 1200
Sales 135 003 52 50 1000 &00
100 001 51 40 1600 1000
110 002 53 40 00 1200
100 003 52 30 1200 760
L
Store Store
_Code | _MName City Telephone Manager
ore | o1 Jan's | San Antonio | bB3-192-1400 | Burgess
52 Bill's Portland 843-681-2135 | Thomas
53 Ed's Bouldar 417-196-B037 Parry
L

RECORDS: each
line shows the
VALUES of each
attribute



Customers

PrﬂdUCtS > REVE”UE

All business cases reflect at least 3 main

dimensions (but many other are
possible)




Example 2: A real-case Airline star-schema

[ Airlines )
PK Airline_Code
Airline_Nams

| Ref_Calendar |
PE

r Locations |
PK Location_ID

calendar_entry_id
day_number

Country_of_Origin day_date Location_Details
Other_Details time_in_hours
eg B.A, British Airways, UK other_details CL
cll’l_________ o
1T 1
. =
Aircraft_ | | | f Manufacturers
PK aircraft_id | l | PK manufacturer_code
manufacturer_code | r I manufacturer_name
owner_id other_details
registration_number o | I I eg Airbus, Boeing
model_number —l |
aircraft_name -Ir » : _(_L

capacity 1
weeight |
other_details

s |

[ Actuai_Flights_ ‘|

PK actual_flight_id
aircraft_id
pilot_id
date__of_flying
departure_time
arrival _time
hours_flying
other_details

[ Flight_Schedules_ '|

PK aircraft_id

PK Event_Type_~Code
date_of_flying
departure_time
arrival_time
hours_flying

Data_\VWarehouse

PK Fact_ID [ ReT_Event_Types
FK actual_Right_id PK Event_Type_Code
FK 8r7rc:7raﬂ7rd R — Ewvent_Type_Name
FK Airline_Code Ewvent_Type_Description
FK calendar_ertry _id eg Take-Off, Landing
FK Ewvent D

FK Ewvent Type Code

FK Location ID

FK manufacturer_code

FiK Stalf_ID

FK Staff_ Type Code

departure_time
arrival_time
hour=s__fiying

Ref_Staff_Types

—

other_details

PK Staff_Type_Code

Staff_Twvpe_Name
Staff_Twpe_Description
eg Supervisor

other_details

| Events__ "I

PK Event_ID
Ewvent_Type_ Code
From_Location_ID
To_Location_ID
Staff_ID
Ewvent_Details

T
|
|

L1

[ Staff_ ]
PK Staff_ID
Staff_Type_Code
Staff_Details




Example 3: e-commerce star schema

Dimensional Model for e-Conmerce
Barry Wiliams
Addresses
|/ ) Database Answers.org
@ Address_ID March 28th. 2013
Address_Details

Shipments_ ]

(
{@ Shipment_ID J
is

Shipment_Detai

S R :
1 Shipment_ltems ]

e_Commerce_Dimensional_Model

~
Customers_ @ Address_ID

L@ Customer_ID & ——0< @ Customer_iD

Invoice_ID
Customer_Details @ G
" @ Payment_iD

@ Payment_Date

= R
f Invoices_ @ Product ID b0 — e @ customer_id

Invoice_Details @ Shopping_Cart_ID

— |‘9< @ wish_Lst ID

Payments | | ; g/ \TL/ \g______
|
|
|

{@ Invoice_ID |—&— 8= @ Shipment_ID

@ payment_id
@ invoice_number —OJ

|

payment_date |
payment_amount |
|

Products_ ]

(@ Product_ID
=

Product_Detai

shipment_id

@ Fact_ID }Q— —_— 0 —] order_item_id

product_id
\_

Shopping_Carts
@ shopping_Cart_ID

@ order_ststus_code
date_order_placed
order_details

s

Wish_Lists_ |

@ Wish_List_ID
Is

Wish_List_Detai

fWish_Lists_Products]
wish_list_id
product_id
quantity




Example 4: Entertainment star schema

f Customers_ ]

[Ref_Calendar |

@ Day_Date

A

HE ntertainment_Dimensional_Model

Customer_Details

{@ Customer_ID — g

[ Locations_ ]

{@ Location_ID — el

Location_Details

r Performances_ ]

t@ Performance_ID —e-é:_

Performance_Details

@ Fact_ID
@ Customer_iD
@ Location_ID
@ Ferformance_ID
@ Performance_Booking_ID
@ Payment_Method_Code
g Performance_Type Code
@ Reporting_Date
@ stsff D
@ Supplier_iD
Total Costs
Total Revenue
Averages, Counts, Totals
KPls, Graphs, Trends
Other Derived Figures

[ Performance_Bookings_ | o g

{@ Performance_Booking_ID J

Performance_Booking_Details

Ref_Payment_Methods

@ Payment_Method_Code

Payment_Method_Description
eg AMEX=American Express

eq CC=Credit Card, DD=Direct Debit

.

Ref_Performance_Types

@ Performance_Type_Code

Performance_Type_Name
Performance_Type_Desacription
eg Ballet, Golf, Music

Staff_

LN

— @ Staff_D

Staff_DetﬂilsJ

Suppliers_ |

'

@ Supplier_ID

5upp|ier_De1aisJ




DW Schema for

— hierarchical
Er-TEN dimensions: Snowflake
S / * Itis an extension of star schema, in which

normalized dimension tables have
dimensions themselves

 More suitable to represent hierarchical
dimensions




More on
Dimensional

Modeling:
hierachies

* Dimensions can be further
organized into hierarchies
(see Watson labs)

* E.g., Time dimension: days
==> weeks ==>quarters
* E.g., Product dimension:

product ==>product line
==>brand

* E.g. Location dimension:
Continent==>nation
==>city==>store

42



Dimension Hierarchies Examples

Store Dimension

Total

Region

District

Stores

Product Dimension

Total

Manufacturer

Brand

Products

43



Fashion products taxonomy

VVVVVVVV

IIIIIIII

Non apparel

EEEEEEEEEE Outerwear Bottoms Footwear Accessories

SSSSS [ Jackets } [ Vests } Jeans Sneakers Heels Sunglasses J




Star Scheme

DT = Dimension Table

Snowflake general scheme: star + hierarchy



A third very powerful DW schema: Cubes (shows dimensions and
measures)

dimensions

Clothes

Product

M. America\ A8t Africa  Europe
S : >
Location

Note if dimensions >3, this would be a hypercube!)




"Reading" a cube: the «central» fact is a value in a
cell

2008 4= .
Note: the «central» fact here is sales.

This means that cell values in the cube
show the amount sold (for a given product or total).

Computers ¢

Dimensions are represented
by the axes of the cartesian
space

Clothes

Product

Cars

Boaoks

M. America  Asid Africa  Europe

Location
200 computers have been sold in Asia in 2008



>3 dimensions: cuboids

.. . all 0-D (apex) cuboid
This is equivalent to a

4-dimensional hypercube

. 1-D cuboids
supplier
time, item | | 's S location £l 2-D cuboids
supplier
3-D cuboids

item, location,
supplier

time, item, location, supplier 4-D (base) cuboid




More on cuboids
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Hierarchies can be «added» to aggregate
disaggregate data on cubes

(a) The cube itself is composed of cells that define fact attributes,
while (b) the classification hierarchies display the dimensions that
define the cube—product, store, and time.

Cells
Store Store10
Store01 Product Store Time
i \ v l \l
T 9 Type Brand City Month Season
f Sales_area
- v
Product 0 Family Prmfince/ Semester
Milk | |4 i e l
| | ! P Group State Year
Dimensions January March
ULt Measures
(a) (b)

Note: hierachies are defined in separate fact sheets.
E.g.: January—=>1° Semester—>Yearl



Cubes with hierarchies

MTWThFSS

Time (day)
56 units of bread sold in LA on Monday

Dimensions:
Time, Product, Store
Attributes:
Product (orders, price, ...)
Store ...

We can add hierarchies:
Product — Brand — ...
Day — Week — Quarter
Store — Region — Country

51



Organizing dimensions in categories

Note: hierarchies can ne associated
to dimensions, but, in order to USE
them for data summarization, we
need to introduce OPERATIONS

drinks==

food __

JFM A Ma Ju JuASOND
\ J \ J

e
(S}
-
S i i
|
(a1

1stsem 2" sem

\ J
1

Year




Issues with

datawarehouses

Describing the data (metadata)

Organizing different «views» of the
data

Creating high-level data schemas for
better analysis

Operations with DW (how do we get
information)



Process the
warehouse: models
and operations

Data Schema: In which data structures
we organize the loaded data?

— Star
— Snowflake
— Multidimensional data (cubes)

Operators: Which operations can we
perform on the data?

— slice & dice

— roll-up, drill down
— pivoting

— other

54



What kind of queries in a DW?

Users of the data warehouse perform data analyses that require to "slice and
dice" their data: summarize, obtain insight, and then disaggregate again

DW users will sometimes need highly aggregated data, and other times they
will need to drill down to details.

Often temporal analyses are required. More sophisticated analyses include
trend analyses and data mining, which use existing data for predictive and
prescriprive analytics.

The data warehouse acts as the underlying engine used by business
intelligence environments that serve reports, dashboards and other interfaces
to end users.

For these reasons, DW need mechanisms to aggregate/disaggregate data



Operations on data cubes

 The main purpose of DW is being able to
aggregate/disaggregate/combine data using

different perspectives and dimensions

quantity = 6,500
receipts = 19,400

quantity = 2,800
receipts = 8,400 | I 1?/
f g f
quantity = 1,700 :f
receipts = 5,200 | = P
quantity = 2,000 | :f—
receipts = 5,800 L
| 7
|

city

month

e.g., quantity and receip&v
month, day, product, city..

l4/ IAI/

[ 4/

.4

<

5
g
I

date

store



Operations on cubes:
(1) rolls up/down

* Roll-up: (also called drill-up or
aggregation operation) performs
aggregation on a data cube, climbing up a
concept hierarchy for a dimension

* Roll-down : climbing down a concept
hierarchy, i.e. dimension reduction.




Q2
Q3
Q4

Time
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Here in this example roll up/down
operations climb a geographic hierarchy



An example of Roll-up

sale(sl,pl,*):44+12]

/92’ 19
[sale(*,pl,*):56+4+50
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Roll-up using hierarchies

This cube provides the number of days in each week a given temperature was reached
Dimensions are: temperature, week, day

temperature 64 65 l68 69 70 71 72 75 30 81 83 83
week 1 1 1 0 1 [0 0 o 0 0 1
week 2 0 lo 1 0 |ﬂ 1 2 0 1 0 0

Assume we want to set up 3 levels (hot(80-85), mild(70-75), cool(64-69))in
temperature from the above cube. To do this we have to group columns and
add up the values according to the concept hierarchy.

temperature

Cool

Mild

temperature cool mild hot
week 1 2 1 1
week 2 1 3 1

85

Note that Watson studio allows you
to add hierarchies easily —in alternative,
specific code must be written




Roll-up Using Hierarchies (2)

sl

44

sl
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11

region A

region B

56
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store

region

country

(store sl in Region A;
stores s2, s3 in Region B)
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Another example of roll up with hierarchies
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Operations on
cube: 2) Slicing

e Slice performs a selection P i Measure
: : VAV ATEr 4 ¥ s | e
on one dimension of the e %
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Another example of slicing

dayZ/

sl Sy
/_pl 44 4 ,
sl s2 s3
day 1 ——1—75 50 7l
p2 11 8 y
TIME =day 1
sl s2 s3
pl 12 50
p2 11 8




Operations on
cube: 3) Dicing

* The dice operation defines a
subcube by performing a
selection on two or more
dimensions - so you extract a
smaller cube (dice) from the
cube.
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Example of Dicing
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dayv 1

day 2

dav 3

day 4

day 5

dav 6

day 7

day 8

day 9

dav 10

day 11

day 12

dav 13

O O S| O] O =]| D= = D] S

dav 14

— Time=(day 3)OR(day 4)

cool hot
day 3 0 1
dav 4 |0 0




More dicing

examples

2003
<
-& 2002
A Q1
2001 Nokia
2000 Motorola
Tellphones Ericsson
Sanyo

Madems

Can US Mex Other

Product

Wireless Mouse

Radar Detector



store

state='Florida'

category="Food'

month="April 2008'




Operations on
cubes: 4)Pivoting

Pivot otheriwise known as
Rotate changes the
dimensional orientation of
the cube, i.e. rotates the
data axes to view the data
from different
perspectives.
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Example pivoting

Chicago

New York

Toronto

Vancouver 605 825 14 400
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Example of pivoting on cubes



All together

Roll UP




DW vendors (some)

IBM

— http://www-
306.ibm.com/software/data/informix/redbrick/

Microsoft

— http://www.microsoft.com/sql/solutions/bi/default.mspx
Oracle

— http://www.oracle.com/siebel/index.html

Business Objects

— http://www.businessobjects.com/




DW vendors (more)

Microstrategy

— http://www.microstrategy.com/

Cognos

— http://www.cognhos.com/

Informatica

— http://www.informatica.com/

Actuate

— http://www.actuate.com/home/index.asp




In Class
Exercise

Organize these data in a cube

Slice (based on shown data) on City=Glasgow

Roll-up based on Property Type

Property [ City | Time | Total
Type Revenue
Flat Glasgow | QI 15056
House | Glasgow | QI 14670
Flat Glasgow | Q2 14555
House | Glasgow | Q2 15888
Flat Glasgow | Q3 14578
House | Glasgow | Q3 16004
Flat Glasgow | Q4 15890
House | Glasgow | Q4 15500
Flat London | QI 196738
ouse | London | QI 23877
Flat London | Q2 19567
House | London | Q2 28677
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Next Topics

e Data Analytics:
— Decision Support Systems (data mining and machine learning)
— Unstructured data analytics (social and web data)

e Visualization interfaces



