OLAP

Perceiveahedemandor onlineanalyticalprocessindOLAP) .
Reviewmajorfunctionsandfeaturesof OLAP

UnderstandDimensional analysis,learn meaningof hypercubesdrill-

downandroll-up, andsliceanddice operation

ExamineOLAP models



OLAP

Data Warehouserovidesthe bestopportunityfor analysisand OLAP is the

vehiclefor carryingoutinvolvedanalysis

A Demandfor On-Line Analytical Processing
A NeedFor Multi-DimensionalAnalysis

A FastAccessandPowerfulCalculations



OLAP

Needfor MultidimensionalAnalysis

A i H omanyunitsof ProductA did we sellin thestoreA, inMu mb a i ?

A fi H omuchrevenuedid thenewproductX generateluringthelastthree
months, broken down by individual months, in the South Central
Territory, by individual stores borokendown by promotions,comparedo

estimatesandcomparedo thepreviousversionofthepr oduct ? 0

A For effective analysis, user must have easy methods of performing

complexanalysisacrossseverabusinessiimensions



OLAP

Thought process based on each guery result Query seguence in the analysis session
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End
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Figure 15-1 Query steps in an analysis session.



OLAP Is the Answer

Enables analysts, executives, and managers to gain useful insights from the presen-
tation of data.

Can reorganize metrics along several dimensions and allow data to be viewed from
different perspectives.

Supports multidimensional analysis.

[s able to drill down or roll up within each dimension.

[s capable of applving mathematical formulas and calculations to measures.
Provides fast response, facilitating speed-of-thought analysis.

Complements the use of other information delivery techniques such as data mining.
Improves the comprehension of result sets through visual presentations using
oraphs and charts.

Can be implemented on the Web.

Designed for highly interactive analysis.



OLAP

LINE
Clothing

Elactronics

Video
Kitchen

Appliances
Total

LINE
Clothing
Electronics
Video
Kitchen

Appliances

TOTAL SALES
$12,836,450
$16,068,300

$21.262,190
$17,704,400
$19,6800,800

587,472,140

1998
$3,457,000
$5,894,800
$7,198,700
$4,875,400
$5,947,300

Total $27,373,200

YEAR

1998 $3,457,000 $5,894,800 $7,198,700
1999 $3,590,050 $4,078,900 $6,057,890
2000 95,789,400 6,094,600  $8,005,600
Total $12,836,450 $16,068,300 $21,262,190

1999
$3,590,050
$4,078,900
$6,057,890
$5,894,500
$6,104,500

$25,725,840

Clothing Electronics

Ficure 15-3

- I

High level
summary by
product line

2000
$5,789,400
$6,094,600
$8,005,600
$6,934,500
$7,549,000

$34,373,100

Video

Drill down
by year

TOTAL
$12,836,450

$16,068,300 3 Rotate
$21~25211g{} Cﬂlumﬂs to
$17,704,400 OWS
$19,600,800

$87,472,140 /

Kitchen Appliances TOTAL

Simnle OLAP session.

$4,875,400 $5,947,300 $27,373,200
$5,894,500 $6,104,500 $25,725,840
$6,934,500 $7,549,000 $34,373,100
$17,704,400 $19,600,800 $87,472,140




Dimensional Modeling

A Two important concepts

A Fact
4~ Numeric measurements, represent business
activity/event
A Are pre-computed
A Example: Profit, quantity sold

A Dimension
4 Qualifying characteristics, perspective to a fact
A Example: date (Date, month, quarter, year)



Dimensional Modeling (cont.)

A Facts are stored in fact table

A Dimensions are represented by dimension
tables

A Dimensions are degrees in which facts can be
judged

A Each fact is surrounded by dimension tables

A Looks like a star so called Star Schema



TIME
time_key (PK)
date
day of week
month

PRODUCT
product_key (PK)
description
brand

category

STORE
store_key (PK)
store_name
address
district
floor_type

\

FACT

time_key (FK)
store_key (FK)
clerk_key (FK)

product_key (FK)
customer_key (FK)
promotion_key (FK)

units_sold
total cost

CUSTOMER
customer_key (PK)
customer_name
purchase_profile

\

credit_profile

CLERK
clerk_key (PK)
clerk_name
clerk_grade

address

PROMOTION
promotion_key (PK)
promotion_name
price_type

ad_type




A Inside Dimension table

A

Key attribute of dimension table, for
identification

Large no of columns, wide table
Non-calculated attributes

Un-normalized in Star schema

Ability to drill-down and roll-up are two ways of
exploiting dimensions

Can have multiple hierarchies

Relatively small number of records



Inside Fact table

A Have two types of attributes
A Key attributes, for connections
A Facts
A Inside fact table
A Concatenated key
A Large number of records
A Limited attributes



Warehouse Database Schema

A Design should reflect multidimensional view
A Star Schema
A Snowflake Schema
A Fact Constellation Schema



Conceptual Modeling of Data
Warehouses

A Modeling data warehouses: dimensions & measures

A Star schema A fact table in the middle connected to a set of

dimension tables

A Snowflake schema A refinement of star schema where some

dimensional hierarchy is normalizedinto a set of smaller
dimension tables, forming a shape similar to snowflake

A Fact constellations Multiple fact tables share dimension tables,

viewed as a collection of stars, therefore called galaxy schemaor

fact constellation



Star Schema

Creating the STAR schema is the fundamental data design technique for
the data warehouse.

Star schema provides a multidimensional view.

Star schema A dimensional model with fact table in the middle &
dimension tables arranged around fact table.

The key component of the STAR schema is the set of dimension tables.

The STAR schema structure is a structure that can be easily understood by
the users and with which they can comfortably work.

When a query is made against the data warehouse, the results of the
guery are produced by combining or joining one or more dimension tables
with the fact table.



Example of a Star Schema

Order

Order No
Order Date

Customer

Customer No
Customer Name

Customer
Address

City

Salesperson

SalespersoniD

City
Quota

SalespersonNameg

Fact Table

OrderNO

SalespersonlD

CustomerNO
ProdNo
DateKey
Cityid
Quantity

Total Price

Product

/

ProductNO
ProdName
ProdDescr
Category

CategoryDescription

UnitPrice

Date

DateKey

—Date
City

Cityid
name

State

Country




The Snowflake Schema

A Snowflaking involves normalization of dimensions in
Star Schema

A Reasons:
A To save storage space
A To optimize some specific queries



Example of a Snowflake
Schema

Order
Product
Order No Category
Order Date ProductNO Categoryid
FactTahige g <] CategoryDescr
A — ProdName
ProdD
OrderNO oalaseer
Customer No Categoryid
CustemaNSme SalespersoniD ——
Customer CustomerNO
Address — Date
City ProdNo <€ Month
DateKey Dateieyy < Vonth Year
Salesperson Cityid Date: Year PI Year
Month
SalespersonlD Quantity \ City
SalespersonName . ~ State
P Total Price Cityid
City p— Stateid
atei <«
Quota name
Country —

Country



Snowflake Schema Example

BRAND

Brand Key
Brand Name
Category Key

CATEGORY

Category Key
Product Category

PRODUCT

Product Key
Product Name
Product Code

Package Type
Brand Key

SALES FACTS

CUSTOMER

TIME

Time Key
Date
Month
Quarter
Year

Product Key
Time Key
Customer Key
SalesRep Key
Sales Quantity
Sales Dollars
Sales Price
Margin

Customer Key
Customer Name
Customer Code
Marital Status
Address
State
Zip

Country

SALESREP

Salesrep Key
Salesperson Name
Territory Name
Region Name




Example of Snowflake Schema

time

time_key
day

S

day of the week v

month
quarter
year

branch_key ¢
branch_name
branch_type

branch

Measures

item
item_key
Sales Fact Table  # jtem name
” | ’:’ brand
time_key .. type .
item_key supplier_key
branch_key :
_ : location
location_keye..,, location_key
units_sold street
C|ty_key,.
dollars_sold e,
— avg_sales

supplier

Supplier_Kkey
Y supplier_typ

city

A city key

city
state_or_provinc
country




Fact constellation or Galaxy Schema:

Multiple Fact tables that share many
dimension tables



Example of Fact Constellation

time

*
.
.
A
.
.
.
.
.
*
.

time_key
day
day_of_the_weelg.

month “ee.,
quarter ’
year
““‘
branch o
“‘
branch_key |4
branch_name
branch_type
£
Measures

Sales Fact Table

time_key

item_key

branch_key

location_key

units_sold

dollars_sold

— avg_sales

item

+ type

item_key
item_name M.
brand )

supplier_type

Shipping Fact Table

time_key

0..
.4

item_key

shipper_key......,

from_location

.
*

to_location

dollars_cost

units_shipped

=4

location| . ..
2 &
‘Al |ocation_key

street
city
province_or_state
country

) J

a,y
~
L]
L]
L
]
L]
]
]
L}
a
]
L
L]
L]
L]
L]
]
L]
L]
]
L]
L]
«
L}
L]
oy
oy

shipper

shipper_k:ey
shipper_name
location_key
shipper_type




What i1s OLAP

A Basic idea: converting data into
Information that decision makers need

A A Concept to analyze data by multiple
dimension In a structure called gata
cube



OLAP

A On-Line Analytical Processing (OLAP)

IS a category of software technology

that enables analysts and executives

to gain insight into data

through fast, consistent, interactive access

In a wide variety of possible views of information

that has been transformed from raw data to reflect the real dimensionality of
the enterprise as understood by the user.



OLAP Characteristics

A Let business users have a multidimensional and logical view of the data in
the data warehouse,

A Facilitate interactive query and complex analysis for the users,

A Allow users to drill down for greater details or roll up for aggregations of
metrics

A Along a single business dimension or across multiple dimensions,
provide ability to perform intricate calculations and comparisons, and

A Present results in a number of meaningful ways, including charts and
graphs.



OLAP

{mﬂ Multidimensional Consistent Fast response times

g,: analysis performance for interactive queries
o

ﬁ Drill-down and Navigation in and out Slice-and-dice or

LL roll-up of details rotation

O

{E Multiple view Easy Time intelligence (vear-
m modes scalability to-date, fiscal period)
i

s P'JWEIT“[ Cross-dimensional Pre-calculation or

E calculations calculations pre-consolidation

M

L Drill-through across Sophisticated Collaborative

E dimensions or details presentation & displays decision making

&

E Derived data values Application of alert Report generation with
E- through formulas technology agent technology

<

Figure 15-4 General features of OLAP.




Hypercubes

A A representation that accommodates more than 3
dimensions.

A l.e. represents multidimensional data.

A An OLAP cube is a data structure suitable for fast
analysis of multi-dimensional problems, converting
raw data into compelling data visualizations.



OLAP

PRODUCT

Product Key
Product Name
Sub-category
Category
Product Line
Department

SALES FACTS

STORE

Store Key
Store Name
Territory
Region

TIME

Time Key
Date
Month
Quarter
Year

Product Key
Time Key
Store Key
Fixed Costs

Variable Costs

Indirect Sales

Direct Sales

Profit Margin

Coats, January, New York

550

P Oducyg

Figure 15-5

Simple STAR schema.
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Example 2 - Hypercube

Domain_Siructure
STORE TIME PRODUCT METRICS
New York Jan Hats Fixed Cost
Feb
San Jose Mar Coats Variable
Apr Cost
Dallas May Tackets Indirect
Jun '
Sales
Denver Jul Dresses
Aug Direct
Sep ' Sales
Cleveland Ot Shirts ;
Nov Profit
Boston Dec Slacks Margin

Figure 15-8 MDS for four dimensions.



Multidimensional HOW
[Imml.in Structure DISPLAYED ON
STORE TIME PRODUCT METRICS APAGE

PAGE: Store Dimension
ROWS: Time Dimension

COLUMMNS: Product & Metrics

MNew York f Jan Hats

Sales
San Jose Coats

Cost combined
Dallas Jackets

Mew York Store

Hats:Sales Hats:Cost Coats:Sales Coats:Cost Jackets:Sales Jackets:Cost

Jan | 450 350 55( 450 500 40
Feb 380 280 460 360 400 3
Mar 400 310 480 410 430 40

Figure 15-9 Page displays for four-dimensional data.



OLAP

Multidimensional
Domain_Structure HOW DISPLAYED

- )N A PAGE
DEMO PROMO STORE  TIME PRODUCT METRICS ONAPAGE

i AT . v .
f Life Stylef] Type [ New Yorlf Jan Hats Sales PAGE: .Df:n‘n:.rgnph-ll.s &
. Promotion Dimensions
* combined

Income Coats Cost ROWS: Store &Time
Dimensions combined
COLUNNS: Product &
Metrics combined

Coupon San Jose J Feb

Life Style : Coupon

Hats Hats Coats Coats

Sales Cost Sales Cost
New York Jan 220 170 270 220
Feb 190 140 230 180
Boston Jan 200 160 240 200
Feb 180 130 220 170

Figure 15-11 Page displays for six-dimensional data.



OLAP

Drill-Down and Roll-Up



