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Analysis of data
(from Wikipedia)

Data analysis is a process of inspecting, cleaning,
transforming, and modeling data with the goal of
highlighting useful information, suggesting conclusions,
and supporting decision making.

Data analysis has multiple facets and approaches,
encompassing diverse techniques under a variety of
names, in different business, science, and social science
domains.

Data mining is a particular data analysis technique that
focuses on modeling and knowledge discovery for
predictive rather than purely descriptive purposes.

Business intelligence covers data analysis that relies
heavily on aggregation, focusing on business information.



http://en.wikipedia.org/wiki/Data_mining
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Information
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http://en.wikipedia.org/wiki/Data_mining

What is a Data Warehouse

* Data should be intfegrated across the
enterprise(s)

+ Summary data provide real value to the
organization

» Historical data hold the key to
understanding data over time

* What-if capabilities are required



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

What is a Data Warehouse?

A single, complete and
consistent store of data
obtained from a variety of
different sources made
available to end users, so
that they can understand
and use i1 in a business
context.

[Barry Devlin]
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An alternative definition of
Data Warehouse

A data warehouse is
(the result of) a process
for transforming data
into information and for
making it available to
users /n a timely enough

. manner to make a
Information difference.

D 01. a [Forrester Research, April’96]



Data Warehouse

* As a dataset: decision support
database maintained separately from
the organization's operational database

* As a process: technique for assembling
and managing data from various sources
with the purpose of answering business
questions. Thus making decisions that
were not previously possible



Data Warehouse

* A Data Warehouse is a
- subject-oriented,
- integrated,
- fime-varying,
- non-volatile
collection of data that is used primarily in

organizational decision making.
[Bill Inmon, Building the Data Warehouse, 1996]



Dimensions of a Data Warehouse

» Data warehouses are very large

databases

Terabytes (102 bytes):

Petabytes (10 bytes): e.g. Geographic Information Systems
Exabytes (108 bytes): e.g. National Medical Records

Zettabytes (102! bytes): e.g. Weather reports, including
Images

o Zottabytes (102 bytes): e.g. Intelligence Agency Videos

0
0
0
0



DW is a specialized DB

Standard DB (OLTP) Warehouse (OLAP)

* Mostly updates * Mostly reads

* Many small * Queries are long and
transactions complex

* Mb - Gb of data + Gb - Tb of data

* Current snapshot » History

* Index/hash on p.k. * Lots of scans

- Raw data + Summarized,

» Thousands of users reconciled data

(e.g., clerical users) » Hundreds of users



Where is a DW useful

sales and complaints analysis, client
fidelization, shipping and stock control

production cost control,
provision and order support

risk and credit card analysis, fraud
detection

call flow analysis, subscribers'’
profiles
patients’ ingoing and outgoing
flows, cost analysis



Architecture for a data warehouse
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OLAP-oriented data models

* must support sophisticated analyses and computations
over different dimensions and hierarchies

* Most appropriate data model: data cube
» Cube dimensions are the search keys
* Each dimension may be hierarchical

- DATE {DAY-MONTH-TRIMESTER-YEAR}
- PRODUCT {BRAND - TYPE - CATEGORY}

(e.g. LAND ROVER - CARS - VEHICLES)

- Cube cells contain metric values



Examples of data warehouse
queries

» Show total sales across all products at increasing
aggregation levels for a geography dimension, from
state to country to region, for 1999 and 2000.

+ Create a cross-tabular analysis of our operations
showing expenses by territory in South America
for 1999 and 2000. Include all possible subtotals.

» List the top 10 sales representatives in Asia
according to sales revenue for automotive products
in year 2000, and rank their commissions.



LOGICAL MODELS FOR OLAP

AN INSURANCE COMPANY DATA CUBE
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Dimensional Fact Model

- Allows one to describe a set of
fact schemata

* The components of a fact schema are:
- Facts
- Measures
- Dimensions
- Dimension Hierarchy



DFM: elements

+ A fact is a concept that is relevant for
the decisional process; typically it
models a set of events of the
organization

- A is a humerical property of a
fact

+ A dimension is a fact property defined
w.r.t. a finite domain; it describes an
analysis coordinate for the fact



Examples

+ Store chain
- Fact: sales
- Measures: sold quantity, gross income
- Dimensions: product, time, zone

+ Telecom Operator
- Fact: phone call
- Measures : cost, duration

- Dimensions: caller subscriber,called
subscriber, time



Multidimensional
Representation
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The area manager examines product sales
of his/her own markets

Markets

Products



Product manager examines the sales of a
specific product in all periods and in all
markets

Markets
Products

Time



Financial manager examines product sales in all
markets, for the current period and the
previous one

Markets Products



The strategic manager concentrates on a
category of products, a specific region
and a medium time span

Markets
Products

Time



Dimensions and hierarchies

"39;0" ye?ar'
reg.area category brand  trimester
f N\ S f
city product mOTh

store day



roll-up

~ Aqgr'ega‘res data at a higher level - e.g. last year's sales
volume per product category and per region

drill-down

- De-aggregates data at the lower level - e.g. for a given
product category and a given region, show daily sales

slice-and-dice
- Applies selections and projections, which reduce data
dimensionality
pivoting
- Selects two dimensions to re-aggregate data (cube re-
orientation)
ranking
- Sorts data according to predefined criteria

Tr'acgi‘rional operations (select, project, join, derived attributes,
etc.
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Roll-up

Metrics | Dollar Sales

cm’ North-East| Mid-Atlantic South-East| Central | South |North-west| South-west, England| France |Germany
Month
Jan 97 $ 620 $ 753 $ 30 $ 660§ 2405 $ 1312 $ 440 § 1.002/¢ 1.002 § 383
Feb 97 $ 258 $252] $800 $ 975 § 160 $ se2| $ 745 § 310| § 799 § 118
Mar 97 $ 648 $ 244§ 148 $ 250 § 1085 $ 2.961 $ 650 § 1.240| $ 119 § 142
lapr 97 $ 787 $ 588  § 447| $ 486 ¢ 226 $ 506 $ 601/ $ 119| $ S50, § 85
\May 97 $ 1.350 $ 245 § 936 § 159 § 664 $ 626 $ 107 ¢ 135| $ 200/ § 177
un 97 $ 842 $ 582 ¢ 1281 § 937 § 240 $ 774 $ 176/ 1.139| $ 652 § 254/
Dul 7 $ 652 $ 690 § 486/% 1.293 § 605 $ 303 $ 818 § 103| $ 124 § 173
!Aug 97 $ 1.783 $ 304 $ 1032| $ 170 § 398 $ 356 $ 432 ¢$ 190 $ 241 $ <07
Sep 97 $ 581 $ 778 $ 3558 $ 587 § 440 $ 1652 $ 1071 $ 315 $ 210 $ 202
oct 97 $ 2201 ¢ 1.840] & 600| $ 6S6/$ 1.300 $ 718 ¢ 1210/ ¢ 427| $ 220 $ S20|
INov 97 $ 30 $ 1602 $ 1082/¢ 1187 § 842 $ 750 § 745 ¢ 232| $ 101 $ 1.037
IDec 97 $ 381 § 1588 § 343 $ 118/$ 1459 $ 635 ¢ 2021 $ 259 $ 210 ¢ 119
Dan 98 $ 311 $ 1174 $ 2634/$ 3.130 § 954| $ 2083 $ 1351 $ 747| $ 426| $ 447
IFeb 98 $ 2518 $ 702| $ 1.123|$ 1.336/$ 1227 $ 3.887 $ 545 & 268| $ 277 § 282
IMar 98 $ 2450 § 1523 $ 1.178/$ 4708 § 1420| $ 3514 ¢ 1.948 § 1.70S| $ 276/ § 1.168|
Bor 98 $ 407 $841] §s24 $ 712 §133 ¢ 2486 $ 49| § 390|$ 1.208| ¢ 221)
May 98 $ 667 § 1721 §$ 440 $ 148 § 80| $ 1.310| $ 303 § 104| $ 657 $ 65
Jun 98 $ 699 §$ 109 $898 $ 353 $ 902 $ 839 | $ 230 $ 155 $ 105
Dul 98 $586 § 1897 § 412 § 226 $ 406 $ 361 § 1628 ¢ 267/¢ 1011 $ 41
lbug 98 $ 894 $ 326§ 7924 1832 § 1199 $ 20| ¢ 1816/ $ 277 $ 102| § 118
Sep 98 $ 338 §$ 3179  $ 505 $ 427 99| ¢ 2976 $ 885 ¢ 135 ¢ 85 $ 1.110
Oct 98 $ 544 $ 413 $ 1467 $ 209 $ 679 $ 706! $ 556 & 480 $ 485 § 99
INov 98 $ 671 $ 459 $ 1471/$ 2066 $ 701 $ 716 $ 986/$ 1.127| $ 154 § 440
Dec 98 $836| §$2006 § 1726/¢ 3642 §$ 395 ¢ 1740, § 1.943$ 1143] $ 366 § 307

Metrics |Dollar Sales

c::g’i:f' Norm-East!Mid-Mamic South-East| Central | South North-West| South-West England | France Germany
Quarter [ !
Q1 1997 $ 1526 $ 1.249 $ 978 § 18854 3650 § 4855 § 1.834/$ 2552/% 1.920 § 643
Q2 1997 | $2979 § 1415 & 2664/¢ 1.582/¢ 1130, $ 1.906 $ 884/¢ 1.393(¢ 1.4oz| $ s16|
Q3 1997 $ 3016 $ 1772 § 5076$ 2050/ 1443 $ 2311 $ 2321 §$ 608 $ 575 § 782
Q4 1997 | $2711 $5030 $2025/% 1961% 3601 $ 2112| §$ 3976 $ 918 $ 531§ 1676
Q1 1998 $ 5288 § 3.399| ¢ 49358 9.174/§ 3.601| & 9484 § 3.844/$ 2720 § 979| § 1.897
Q2 1998 | $ 1773 $ 3658 ¢ 1.862/¢ 1213/¢ 1.115 § 4635 $ 352] § 724/$ 2110, $ 391
Q3 1998 $ 1818 § 5402 § 1.709§ 2485/ 1.704 § 3632 § 4329 § 679§ 1.198 § 1269
Q4 1998 | $2051 $ 2968 ¢ 46648 5917/ 1.775] § 3.162] § 3.485|$ 2.750/¢ 1.005| § 846l




Roll-up

Metncs |Dollar Sales
c:ﬁ;‘}g‘:’ North-East | Mid-Atantic South-East| Central | South | North-West| South-West|England | France
Catagory Wear
Electronics 1897 $ 138 £ L774 384 £ 13B(fF 2345 2§ 2.55¢ £ 2184 £ S68 £ 193
1998 § 1184 f 4.529 § 1292 % '-'.232‘| £ 631 § 9.488 + 4760|% E.EIE.'3| § a6z
Food 1997 £ 759 + 682 $ 729| £ 262 § 588 § 450 $ 807| § 156 % 615
1998 t 538 § 925 § 950| £ 677 £ 213 § 1509 $ 261 § 165 § 175
Gifts 19497 £ 2530 £ 1.35% £ 1854/ % 1413 £ 2.535 £ 2130 £ 1.204 £ 908 £ 375
19498 £ 1955 § 2785 § 2800|% 2695(% 1813 § 2844 £ 1.778|% 1.1EB| £ 717
Health & Beauty|1997 § 624 $ 640 § 1317 § 647 % 588 £ 754 f 654 § 143| § 29z
1992 $ 611 ¥ 887 566 % sazl f 499 F 1.152 £ 1.044 § 2?3| $ 72
Hausahold 1997 £ 5354 £ 4.112 £ 5410 % 4445 F 2058 £ 3,974 £ 2.654/% 3.545/% 2.875
10493 £ 5787 £ 5.320 £ 5416 % E£12|$ 4.334 £ 5.008 £ 7.588| % 2.139|1; 3640
Kid's Kormer 1047 £ 201 £ 308 £ 485 § 188 £ a0o £ 333 £ 306 § 108 § 34
1998 § 247 £ 422 § 441 $ 380 § 221 § S92 $ 200 $ 138 § 1%
Travel 1997 f 624 ¥ 505 $ 564 § 386 § 300 $ 978 + 416 $ 48 § 38
1998 £ 608 $ 559 % 1096 § 611 § 464 £ 36 % 573 § 257 % 19%
- Dollar
Metrics Sales |
Category
Elacirares 1007 f 10616
1908 £ 252499
Food 1567 £ 5.300
1998 £ S.638
Gifts 1997 $ 16.315
19908 £ 20.047
Health & Beauty 1997 £ G042
1908 £ S.865
Household 1997 § 38.383
1998 |$ 50.391
ad's Kamoar 1007 £ 2550
1908 £ 2943
Trawel 1997 £ 44497
1958 f 4.792




"l

lI-down

JMetrics [Dollar Sales
Year 1997 1998

Category

Electronics $ 10616/ ¢ 29,299

|Food | § 5300/ § 5638

Gifts $ 16,315/ ¢ 20047

Health & Beauty | $ 6,042 $ 5.665

Household ¢ 38.383|¢ S0.391

Kid's Komer | $ 2559 $ 2943

Travel $ 4497 § 4792

Dolar Sales
Noth-East Mid-Atlantic South-East Central South North-West

1998 | 1997 | 1994 | 1997 | 1998 | 1997 | 1998 | 1997 | 1998 | 1997 | 1998
Category
Elactronics £ 1.184/% 1.774|% 4529 ¢ 384§ 1.892) & 138|¢ 7.232(4 2348 $ 651|% 2.554(¢ g.e88
Food % 538| § 6B2| £ 925 % 729 §959 % 2E|E| $ 677 % SEB| $ 213 § 469(% 1.503
Gifts $ 1955 % 1.355/% 2.785 § 1954|% 2.800(% 1.413|§ 2695 % 2535 § 1.613|§ 2.132(§ 2044
Health & Beauty $ 611) + 640 $ 887|% 1317 § 566| & 647| & 382) § 588| % 499| § 754|$ 1162
Household £ 5.787 £ 4.112| % 5.320 § 5410 % 5416/ 44465 6,512 § 3098 § 4.334|% 3.974(% 5.008
Kid's Komer § 247| + 308| % 422 § 485 & 441 ¢ 188| & 3@0| £ 400| & 21| § 323 & so2
Travel £ 608 % S05 £ 559 % 564[% 1096 £ 386 $ 611 £ 300| % 464 & 978 £ 316




OLAP OPERATIONS
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Pivoting

. Dollar
”aml Sales
ategory
Eloctroncs 1007 ¢ 10616
1998 '§ 20.299
Food 1997 § 5.300
1998 | § 5638
Gifts 16a7 £ 16.315
1598 '$ 20.047
Health & Beauty 1997 § 6.042
‘1998 | § 5.005
Household 16407 £ 38.383
1998 '$ 50.391
vid's ¥ormner 1697 £ 2559
1998 | § 2943
ravel 1697 £ 4.497
1098 | & 4.792
|Metrics | Dallar Sales
Year 1997 1998
Category
Electronics $ 10616/ 20.299
Food $ 5300, § 5.638
Gifts $ 163154 20.047
Health & Beauty $ 6,042 § 5.665
Househcld $ 38.383|¢ S0.391!
Kid's Komer $ 2559 § 2943
[Travel § 4497 § 4792




OLAP OPERATIONS

SLICE AND DICE
5 o




Slice and Dice

| wetrics |Dollar Sales
Custochmor Afton |Akron Albon Alcamedal Alka Allagash| Alta | Altoola Amestra Amsterdam|Andersonville
Subcatagory l
Audio | $ 85 |
Automative | $ 30 '
Chocolate £ 42 § 42 £ 50 | $ 20 $ 22 £ 44
Christmas $ 30 | | $2s| $30] $15 |
Classic Toys [ | £ 7 $26 $ 3¢
Coffee || s9 I I
Comfort $ 59 | $59 |
Furniture | | | $ 485
Gadgets | $ 199 ¢ 79 £ 79
Games & Puzzies | | | $ 17 £ 45 § ac
Gift Baskets $ 55 $ 42 | |
Golf $ 25| | | $25| $ 14 $ 25
Hearth | £ 15]
Jewelry ¢ 75 | $ 189 | $24 $77/$ 189 $2
Kitchen | $55 s$21 § 76| |
Lawn & Garden $ 75| | $ 100 $ 15| $63[$ 100 $ 180 $ 67 $ 4C
Learmng 16 | $ 37 |
Meat & Chesse | $ 40 $ 20 | $ 20 $ 28
Miscallaneous |$ 200§ 1.320 $ 200 ¢ 139 $ 993
Natural Remedss £ 13 | i $ 13|
Pats ¢ 215 $ 26 | $ 30| £68 ¢ 115 $ 25 $ 34
Plants & Flowers $65 $65 $ 65 | $ 50| $60 |
Safety & Securky \ 3 $ 30 § 22 $ 2
skin Care | | [ | |
Sleeping $ 18 [ { |
Toys & Accessones | | | | ¢ 29| ¢ 185| & 744/
e
~ Categoy = Electrcnics
AND
Dollar Calos > 20
AND
Customer Region = Norh\West
Year 1997
| Metrics |Dollar Sales
Customer Ava Mt. San
City. | Ata |Armstrong Heith:s La€ | Eyeract | Fransisco
Subcatzgory
Audio $ 98 $ 123 § 85
Comfor: $ 18 $ 1.405)
Gadgets ' $ 199 $ 199




Slice and Dice

Metrics  Dollar Sales

':”R;'gg":’ Morth-East |Mid-atantic| South-East| Central | South | North-West South-West| England
Category Year
Electronics 1997 $ 138 $ 1774 $ 384 § 138/ % 2346  § 2554 § 1184 § 566
1998 $ 1184 % 4529 § 1.892(§ 7.232| § 651 & 9488 § 476/ 2.683
Food 1997 £ 759 £ 682 § 729 § 262 £ SH8 £ 469 £ 807 § 156
1998 t 538 $ o25| £ 959 £ 877 $ 213 £ 1503 $ 261 & 165
Gifts 1997 $ 2532 % 1355 F 1.854(§ 1.413|% 2.535 $ 2132 $ 1904 § 908
1998 %1955 & 2785  2.800/% 2695|% 1.813| § 2844 § 1.778|% 1.158
Health 3 Beauty | 1997 £ 624 £ 640 £ 1.317| § 647 4 B8 £ 754 £ 654 § 143
1998 £ 611 £ Ba7| $ 566 & 382 § 499 £ 1162 § 1044 § 273
Housahnold 1997 + 5.354 £ 4112 E 5.410 § 4446/ § 2.058 £ 3.974 £ 2654 § 3545
1998 $5787| $ 53200 § S5.416)§ 6.812|% 4.334| § SO0 § 7588/ 2.139
kid's Kormer 1997 £ 201 £ 108 t 485 ¢ 186 % 400 £ 322 £ 396 § 105
1998 t 247 § 422| £ 441| £ 380 % 221 £ 592 $ 290 & 198
Travel 1997 t 624 § 505 ¢ Se4) ¢ 286 £ 200 § 978 f 416 £ 48
1998 § 608 $ 5590 & 1098 $ 611 § 64 § 316 § 573 § 257
Fater Detals.
Yex =199
Metrics  Dollar Sales )
C‘,{:gg‘n“ North-East| Mid-atlantic: South-East| Central | South | North-West| South-West|England
Category
Electronics $ 1.184 $ 4529 $ 18928 7.232] § o351 $ 9,488 $ 470|% 2.083
Food ¢ 538 $ 925 ¢ 059 ¢ 677 $213 § 1.503 $ 261| ¢ 165
Gifts $ 1055 ¢ 2785 & 2.800/ ¢ 2.505(¢ 1813 & 2,844 & 1.778/¢ 1.158
Health & Beauty ¢ 611 $ 887 ¢ 566l ¢ 382| §£499) ¢ 1.162] § 1044 § 273
Household $ 5787 $ 5320 ¢ S.416 § 68124 4334 § 5008 $ 7.588|% 2.139
Kid's Korner ¢ 247 $ 422| ¢ 441 ¢ 380 ¢ 221 $ S92 $ 200| ¢ 198
Travel ¢ 608 $ 550 § 1006 $ 511 § 464 $ 316 $ 573| § 257




Data may be visualized graphically, in an Excel-like format:
tables, hystograms, graphics, 3D surfaces, etc.

incassi (K€) Ottobre 2001 Settembre 2001 Agosto 2001
Abbigliamento | i) 100 A0
Alimentari 20) 40 110
Arredamento [ 50 5 10
Profumeria 25 35 20
Pulizia casa 15 20 5
Tempo libero | G M) 20
Incassi
100
80
60
ke
40
20
[¥]
ago-01 2et-01 ott-01
——8— Abbigliamento ——&—— Alimentari —&— Arredamento
— —#— - Profumeria — ®— -Pullziacasa —*— Tempo libero

oit-01

sat-01

B Aboigliamento
o Alimentari

@ Arredamanto
O Frofumeria

@ Fulizia casa
B Tempo lipara

ago-01




month product | Salesam.t | Quantity
February | pasta 130.000.000 45.000
March pasta 140.000.000 50.000
April pasta 135.000.000 51.000




Drill-down: adding a dimension
Drill-down on the zone

month product__| zone quantity
—ebruary | pasta north 15.000
—ebruary | pasta east 17.000
~ebruary | pasta center 13.000
March nasta north 18.000
March nasta east 18.000
March nasta center 14.000
Apri nasta north 18.000
Apri nasta east 17.000
Apri nasta center 16.000




Roll-up on the month

product | zone Quantity
nasta north 51.000
nasta east 52.000

nasta center 43.000




Aggregate Queries

cxamples:

* Total sales per product category, per
supermarket, per day

» Total monthly sales for all the products, per
supermarket

* Total monthly sales per category per
supermarket

* Avg. monthly sales per category, for all
supermarkets



Olap logical models

- MOLAP (Multidimensional On-Line
Analytical Processing) stores data by
using a multidimensional data structure
(a "physical” data cube)

(Relational On-Line Analytical
Processing) uses the relational data
model to represent multidimensional
data



The data cube in SQL

» It expresses all the possible tuple
aggregations of a table

e It uses the new polymorphic value ALL



Data cuoe in SQL
(ROLAP)

select Model, Year,
Color, sum(Sales)

from Sales
where Model in {'Fiat',6 'Ford'}

and Color = 'Red'

and Year between 1994 and 1995
group by (Model, Year, Color)
with cube



Relevant racts
model year color sales
fiat 1994 red 50
fiat 1995 red 85
ford 1994 red 80




All The data in The cube

model year color sum (sales)
fiat 1994 red 50
fiat 1995 red 85
fiat 1994 ALL 50
fiat 1995 ALL 85
fiat ALL red 135
fiat ALL ALL 135
ford 1994 red 80
ford 1994 ALL 80
ford ALL red 80
ford ALL ALL 80
ALL 1994 red 130
ALL 1995 red 85
ALL ALL red 215
ALL 1994 ALL 130
ALL 1995 ALL 85
ALL ALL ALL 215



Roll up

ROLLUP enables a SELECT statement to calculate multiple

levels of subtotals across a specified group of dimensions.
Using the ROLLUP operator instead of the CUBE operator will eliminate the
results that contain a NULL (ALL) only in one column (except for the last).

In this case the aggregations only by model or only by year are not computed.

select Model, Year,
Color, sum(Sales)
from Sales
where Model in {'Fiat',6 'Ford'}
and Color = 'Red'
and Year between 1994 and 1995
group by (Model, Year, Color)
with ROLLUP



The data affer roll-up

model | year |color | sum(sales)
fiat 1994 |red 50
fiat 1995 |red 85
ford 1994 |red 80
fiat 1994 |ALL 50
fiat 1995 |ALL 85
ford 1994 ALL 80
fiat ALL |ALL 135
ford ALL |ALL 80
ALL ALL |ALL 215



A Simple Cross-Tabular Report
With Subtotals

* A database containing: products, customers, sale channels,with the

measures amount_sold and quantity_sold.

- Amounts in dollars, aggregated by country, sliced on France and US

and the month of September, aggregated by channel

* Half of the values needed for this report would not be calculated

just by means of a query that requested SUM(amount_sold) and did
a GROUP BY(channel_desc, country_id).

CHANNEL COUNTRY

France UsS Total
Internet 9,597 124.224 (133,821
Direct Sales (61,202 638,201 |699,403

Total 70,799 762,425 |833,224




Cube creation

SELECT channels.channel desc,
countries.country 1so code,
TO CHAR (SUM(amount sold), '9,999,999,999")
SALESS

FROM sales, customers, times, channels, countries

WHERE sales.time id=times.time id AND
sales.cust id=customers.cust id AND
sales.channel id= channels.channel id AND
channels.channel desc IN ('Direct Sales',
'Internet') AND
times.calendar month desc='2000-09' AND
customers.country id=countries.country id AND
countries.country iso code IN ('US','FR')

GROUP BY (channels.channel desc,
countries.country iso code)

with CUBE;



Resulting table

CHANNEL_DESC COUNTRY SALES ($)
ALL ALL 833,224
ALL FR 70,799
ALL US 762,425
INTERNET ALL 133,821
INTERNET FR 9,597
INTERNET US 124,224
DIRECT SALES ALL 699,403
DIRECT SALES FR 61,202
DIRECT SALES US 638,201




Roll-up query

SELECT channels.channel desc, calendar month desc,
countries.country 1iso code,
TO CHAR(SUM(amount sold), '9,999,999,999'")
SALESS

FROM sales, customers, times, channels, countries

WHERE sales.time id=times.time id AND
sales.cust id=customers.cust id AND
sales.channel id= channels.channel id AND
channels.channel desc IN ('Direct Sales'
'Internet') AND Eimes.calendar_month_desc IN
('2000-09', '2000-10'") AND
countries.country iso code IN ('GB', 'US'")

GROUP BY (channels.channel desc,
calendar month desc, countries.country iso code)

with ROLLUP;



Roll-up result

CHANNEL_DESC CALENDAR COUNTRY SALES$
INTERNET 2000-09 GB 228,241
INTERNET 2000-09 Us 228,241
INTERNET 2000-09 ALL 456,482
INTERNET 2000-10 GB 239,236
INTERNET 2000-10 Us 239,236
INTERNET 2000-10 ALL 478,473
INTERNET ALL ALL 934,955
DIRECT SALES |2000-09 GB 1,217,808
DIRECT SALES |2000-09 Us 1,217,808
DIRECT SALES |2000-09 ALL 2,435,616
DIRECT SALES |2000-10 GB 1,225,584
DIRECT SALES |2000-10 Us 1,225,584
DIRECT SALES |2000-10 ALL 2,451,169
DIRECT SALES |ALL ALL 4,886,784
ALL ALL ALL 5,821,739




A ROLL-UP QUERY PRODUCES..

.. the following sets of rows:

* Regular aggregation rows that would be produced by
GROUP BY without using ROLLUP.

* First-level subtotals aggregating across country_.id
for each combination of channel _desc and
calendar_month.

+ Second-level subtotals aggregating across
calendar_month_desc and country_id for each
channel_desc value.

* A grand total row.

Again, note that the roll-up operation, unlike the cube,
does not produce the rows with the "all” value only in
one column but the last, while it still retains the row
containing all "ALL" values.

-~ It is a kind of "progressive aggregation”




Typical DW dimensions

time: 730 days
stock houses: 300
products: 30.000
daily sales: 3.000
promotions: not more than one per product sold
sales: 730 x 300 x 3000 x 1 = 657 millions.
dimensions: 657 millions x 8 attributes
X 4 byte = 21gb.
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