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INTRODUCTION



Motivation

* Up to now:

— Supporting individual, standard operations (buying, transferring
money, lending a book in a libary,...)

— Standardized business processes
— Small transactions with data modifications
— folyamatok

* Now (incl. Tableau)
— Supporting strategic decisions
— When should the library be open?
— Which books shell we buy?
— Trends
* How does this change in time, space and over organisational units



Definition

* A data warehouse Is a copy of
transaction data specifically structured
for query and analysis. (Ralph Kimball)



Definition - 2 (Gartner Group)

* A data warehouse Is a storage
architecture designed to hold data
extracted from transaction systems,
operational data stores and external
sources. The warehouse then combines
that data in an aggregate, summary form
suitable for enterprise-wide data analysis
and reporting for predefined business
needs.
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Definition -2.2 (Gartner Group)

* The five components of a data warehouse
alre
— production data sources,
— data extraction and conversion,

— the data warehouse database management
system,

— data warehouse administration and
— business intelligence (Bl) tools.



Figure 11-2: Generic two-level architecture
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(Definition - 3)

(Bill Inmon)

* Subject-Oriented:

— A data warehouse can be used to analyze a
particular subject area. For example, "sales" can
be a particular subject.

* Integrated:

— A data warehouse integrates data from multiple
data sources. For example, source A and source
B may have different ways of identifying a
product, but in a data warehouse, there will be
only a single way of identifying a product.
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Definition - 3.2

Aprilis 6.: Mike Jones a Market Street 14-be
koltoribu

~ Mike Jones s
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Utolsé modositas 1994, dpr. 6 — 1994, dpr. 6.
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(DATA MARTS)
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Figure 11-3: Independent Data Mart
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Table 11-2: Data Warehouse vs. Data Mart

Table 11-2 Data Warehouse Versus Data Mart

Data Warehouse

Diata fMart

Scope

* Application independent

* Centralized, possibly enterprise-wide
* Planned

Data

* Histoncal, detaled, and summanzed
* |ightly denormalized

Subjects

* Multiple subjects

Sources

* Many internal and external sources
Other Characteristics

Flexible

Data-onented

Long life

]

[ ]

* |arge
* Single complex structure

Adapted from Strange (1897)

Source: adapted from Strange (1997).
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Scope

* Specific DSS application

* Decentralized by user area

* Organic, possibly not planned

Data

* Some history, detailed, and summarized
* Highly denormalized

Subjects

* One central subject of concem to users
Sources

* Few internal and external sources
Other Characleristics

* Restnictive

L]

Project-oriented
Short life
Start small, becomes large

L]

Mulh, semi-complex structures, together complex



ETL PROCESSES, TOOLS
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Data Reconciliation

e Typical operational data is:
— Transient — not historical
— Restricted in scope — not comprehensive

— Sometimes poor quality — inconsistencies and
errors

e After ETL, data should be:
— Detalled — not summarized yet
— Historical — periodic
— Comprehensive — enterprise-wide perspective
— Quiality controlled — accurate with full integrity
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The ETL Process

e Capture

* Scrub or data cleansing
* Transform

* Load and Index

ETL = Extract, transform, and load



ETL Tools

* Declarative rules (what)
— Mappings and transformations defined
graphically
* Actual implementation (how)
— Handling of errors
— Performance
— Auditing
— Method
* Also change data capture
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Big Variety

» Typical enterprise has 5000 operational systems
Only a few get into the data warehouse
- What about the rest?
» And what about all the rest of your data?
- Spreadsheets
- Access data bases
Web pages
« And public data from the web?

Diaeabon Group
g AT Comaur S cuAnToe spreniae 29

https://youtu.be/KRcecxdGxvQ?t=2379
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QUERYING TOOLS
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(Querying Tools)

SQL is not an analytical language

SQL-99 includes some data
warehousing extensions

SQL-99 still is not a full-featured data
warehouse querying and analysis tool.

Different DBMS vendors will implement
some or all of the SQL-99 OLAP
extension commands and possibly
others.
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On-Line Analytical Processing (OLAP)

* OLAP is the use of a set of graphical tools that
provides users with multidimensional views of their
data and allows them to analyze the data using
simple windowing technigues

* A data warehouse is based on a multidimensional
data model which views data in the form of a data

cube

* A data cube, such as sales, allows data to be
modeled and viewed in multiple dimensions

— Dimension tables, such as item (item_name,
brand, type), or time (day, week, month, quarter,
year)

— Fact table contains measures (such as
dollars_sold) and keys to each of the related
dimension tables
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MOLAP Operations

* Roll up (drill-up): summarize data
— by climbing up hierarchy or by dimension reduction

* Drill down (roll down): reverse of roll-up

— from higher level summary to lower level summary or
detailed data, or introducing new dimensions

 Slice and dice:

— project and select
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Figure 11-22: Slicing a data cube
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~
\1" Measure
Y
H"s_l Units | Resenue | Cost
January 250 1864 [ 1060
February | 200 1275 BTG
Wiarch 350 1800 | 1275
April 4007 1935 | 1500
hhay A5 00 | 1560

Product: Shoes
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Figure 11-23:
Example of drill-down

Summary report

Brand Package size |  Sales
SofTowsl 2-pack $75
SofTowal 3-pack $100
SoiTowsl Gi-pack $50

Drill-down with

color added
Brand FPackaga size Color Sales
SofTowel 2pack | White 30
SofTowel 2.prack Yellow $25
SofTowel 2-pack Fink 0
SofTowsl 3-pack White 450
SofTowel 3-pack Girese 325
SofTowel 3pack Yellow $75
Sof Towel| Gpack White $30
SafTowel Gpack | Yelow $20




The Star Schema

* Star schema: Is a simple database design
In which dimensional (describing how data
are commonly aggregated) are separated
from fact or event data.

* A star schema consists of two types of
tables: fact tables and dimension table.
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Figure 11-13: Components of a Star schema
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Figure 11-14: Star schema example

PRODUCT Fact table provides statistics for sales
Product Code | broken down by product, period and
Description \  store dimensions
Color
Size SALES STORE

< Product_Code | Store_Code
<"| Period_Code Store_Name

PERIOD

: / Store_Code | City
Period Code g
Units_Sold Teleph
Year _ elephone
Dollars_Sold M
Quarter » anager
Dollars_Cost
Month
Day




Figure 11-15:

Star schema with sample data

Product Period
Product Period
_Code Description Color Size _Code Year Quarter Month
100 Swealer Blue 40 001 1999 1 4
110 Shoes Brown 10 142 0oz 1999 1 5
125 Gloves Tan M 003 1999 1 6
- . . - . .
/N
Product Period Store Units Dollars Dollars
_Code _Code _Code _Soild _Sold _Cost
110 002 51 30 1500 1200
Sales 125 003 52 50 1000 600
100 001 &1 40 1600 1000
110 002 53 40 2000 1200
100 003 52 30 1200 750
- . .-
A 4
Store Store
_Code | _Name City Telephone Manager
Store | 51 Jan's San Antonio G83-192-1400 Burgess
52 Bill's Portland 943-681-2135 Thomas
53 Ed's Boulder 417-196-8037 Perry
- = .
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(METADATA)
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(Role of Metadata (data catalog))

|dentify subjects Identify dimensions and facts

Indicate how data is derived from enterprise data
warehouses, including derivation rules

Indicate how data is derived from operational data

store, including derivation ru

C
O

C

entify available reports anc

es
predefined queries

entify data analysis technio
entify responsible people

ues (e.g. drill-down)



DATA QUALITY
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Optimisation
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Data warehouse queries

Large number of records
Ad-hoc queries, multiple dimensions
Aggregations

Read operations -



Star Schema (Bitmap index)

Customer Product
Dimension Dimension
Customer [D Product 1D
Region Product Claz=
City
Basze Fact Table
Customer Call
Customer 1D A
Product 1D
Date Time Stamp
Staff 1D .,
Call Type ID
e Call Length Siaft
Dimension Dimension
Date Time Stamp X Staff ID
Zhift Location
Day of Wesk Department
Week =1afr zrads
Konth
Cluarter
rear




Bitmap index

PARTS table

Bitrmap kndex on ‘codor’

olw= 'BLUE' 000100...
o= 'RED" 011010...
cdlw= 'GREEN" 1 0000C1...

+ compression

Partnumber 1 2 3 4 5 &

* Low cardinality columns
* Infrequently updated or read-only tables



Bitmap index
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Bitmap index

slatus = region = region =

‘marned” ‘central’ ‘wesl’

0 0 0 0 1] 0
1 1 0 1 1 1
' a0 ® or ! 1 o ! 1
0 0 1 0 1 0
] 1 0 0 1 0
1 1 0 1 1 1




Star transformation

FROM sales WHERE
time id IN
(SELECT time_id
IN(‘2006-Q1',
AND cust_id IN | .
(SELECT cust_id FROM custo
AND channel id IN
(SELECT channel_id FROM channel
("Internet?, "Catalog S§ i
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Materialized view, guery rewrite
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Materialized view

CREATE MATERIALIZED VIEW

comm_prod_mv

SELECT sales_rep_id, prod_1id,
comm_date, count(*),
sum(comm_amt )

FROM commission

GROUP BY sales_rep_1id,

prod_1id, comm_date;



Materialized view, query rewrite

* Join Compatibility Check

— Common joins that occur in both the query and
the materialized view. These joins form the
common subgraph. S

— Delta joins that occur in the query but not in -] —
the materialized view. These joins form the -
query delta subgraph.

— Delta joins that occur in the materialized view
but not in the query. These joins form the
materialized view delta subgraph.

* Data Sufficiency Check
* Grouping Compatibility Check
* Aggregate Computability Check




Materialized view, query rewrite

Table 19-1 Dimension and Constraint Requirements for Query Rewrite

Primary Key/Foreign Key/Not Null

Query Rewrite Types Dimensions Constraints
Matching SQL Text Not Required Not Required
Join Back Required OR Required
Aggregate Computability Mot Required Not Required .
Query AVG(X) MVI: SUM(X) and COUNT
Aggregate Rollup Mot Required Not Required
Query: years MVI. months
Rollup Using a Dimension Required Not Required
Filtering the Data Not Required Not Required
PCT Rewrite Not Required Not Required

Multiple Materialized Views Not Required Not Required




Refresh modes,
guery rewrite integrity
* Refresh types

— Complete
— Fast

* Accuracy of Query Rewrite (Oracle)
— Enforced

— Trusted
— Stale tolerated
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Tovabbi irodalom

Oracle® Database Data Warehousing Guide 11g Release 2 (11.2)
—  http://docs.oracle.com/cd/E11882_01/server.112/e25554/toc.htm
— Basic Query Rewrite - http:/ldocs.oracle.com/cd/E11882_01/server.112/e25554/qgrbasic.htm#DWHSG018
— Advanced Query Rewrite - http://docs.oracle.com/cd/E11882_01/server.112/e25554/qradv.htm#DWHSG080

Oracle® Database 2 Day + Data Warehousing Guide 11g Release 2 (11.2)
—  http://docs.oracle.com/cd/E11882_01/server.112/e25555/toc.htm

Data Warehousing and Business Intelligence
—  http://docs.oracle.com/cd/E11882_01/nav/portal_6.htm

Gajdos Sandor: Adattarhaz alapu vezet 6i informéacios rendszerek
https://db.bme.hu/~gajdos/2012adatb2/1.%20eloadas%20Analitikus%20alkalmazasok%20ppt.pdf

Gajdos Sandor: Adattarhazak és alkalmazasaik https://www.db.bme.hu/targyak/adattarhazak-
alkalmazasaik
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Column-oriented DBMS

e Column-oriented

— Aggregates over
many rows and few  Column vs. Row Store
columns

— Compression...

* Row-oriented

— Retrieving or
changing few records
with many attributes
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SELECT *
FROM sajattabla
WHERE oszlopl = '"Balint'

2
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In-memory databases

(részben Sipos Zsofi szakdolgozatabol)

AN

* RAM: szerver 1-6 TB! N i
, . ~

* CPU magok szama, S—
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SAP HANA
(High Speed Analytic Appliance)

Oszlop alapu tarolas is o

— Memo6riabdl is gyorsabb o
szekvencialisan olvasni o ——

- TOmOritéS 100Ns ——> Main Memory
e Parhuzamositas sor s — e
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PARTICIO1 ===

SUM
(gszlop)

SAP HANA
High Speed Analytic Appliance

PARTICIO2

O57L0R1 CEILORE CSTLORE
] 118 0 TR
Fora 121 12
00T 267 1 sUm
hi - 122 2 [oszlop3) .
IS 181 3z
IES 163 21 SLIBA
21=0 168 31 [mln-pfl
3073 268 3z — i d
a3 112 22
3531 2 15
aren 208 13 SLInA
1243 135 24 [oszlop3)
555 160 2
zEa1 199 23
50 144 16
2139 144 1
1133 73z 20
IS a0 T —
208 13 B
135 24 SUM
160 ] [oszlop3
2831 195 23
- 3520 144 16 "'--
3138 144 1
1133 232 0
= 2605 290 T o

10. abra A vertilkalis, borizontaliz & oszlopon belili parhozamosias 55



In-memory adatbaziskezelés,

adattarhaz?

* Kb. 2 nagysagrenddel gyorsabb
adatfeldolgozas (pl. 6 6ra -> 6 perc)

* OLTP és OLAP egyitt!

* Oracle Database In-Memory

— http://www.oracle.com/technetwork/database/in-
memory/overview/twp-oracle-database-in-
memory-2245633.html
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Top 50 Data Warehousing Interview Questions with Answers

§ HaladoAdatbazisok2016 < ... %

.\_/ ) @ | https://wiki.itk.ppke.hu/twiki/bin/view/PPKE/HaladoAdatbazisok20167sortcol=tableup=#Hasznos forrdsok {6 | | Q, Search ‘ * | E 3 ® 9 z | Q | = @ =
O Grapefon Most Visited O Getting Started @ MMO - Cimlap | headsets_for_rorhscha... |_h szerverek
* Oracle® Database Advanced Application Developer's Guide 11g Release 2 (11.2) hitp.//docs oracle com/cd/E11882_01/appdev. 112/25518&/toc.him &

* Oracle Database 11g Release 2 (11.2) Online Documentation Library hitp-//www oracle.com/pls/db112/homepage
« hitps-/iwiki itk ppke huftwikilbinfview/PPKE/AdatbaziskKezelesMB2013?sortcol=table up=#lrodalom.%20hasznos%20forrt% C3%A1 sok
» A szintetikus ill. jelentéssel bird kulcsokrdl: Surrogate vs. natural/business keys
» Motécid: hitp.//stackoverflow com/questions/197 56/suitable-e-r-notation-for-introductory-db-design-course-good-free-diagram-tools
* Relacios osztas: Relational Division
* PL/SQL
o Database PL/SQL Language Reference. Oracle Database Online Documentation 11g Release 2 (11.2)
o PL/SQL. Wikipedia
o PL/SQL. OTN
o PL/SQL tutorial
o PL/SQL. Tutorialspoint
o Doing SQL from PL/SQL- Best and Worst Practices. An Oracle White Paper September 2008
« ORDBMS

o How widely used are Oracle objects?

Database Online Documentation 11g Release 2 (11.2)

2014-2013 Dice Tech Salary Survey (Big Data Dominates Top Paying Skills)
Fastest-Growing Tech Skills, Sept. 2014 (Big Data. NoSQL. Hadoop)

Big Data

» Forbes: A Very Short History Of Big Data (2013)

-- Main.lukacs - 2015-02-12

$1i et bk edodlmand fuk
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A kovetkez0 materializalt nézetek vannak elkészitve az adatbazisban (minden
aadl8 dbséemaban) -- csak tajékoztatasul:

CREATE materialized VIEW historyitems_large_mv2 ENABLE QUERY REWRITE
AS

SELECT user_id,
SUM(duration),
COUNT (duration)
FROM historyitems_large
GROUP BY user_id;

CREATE materialized VIEW historyitems_large_mv3 ENABLE QUERY REWRITE
AS
SELECT user_id,
TO_CHAR(started_at, 'YYYY-MM'),
SUM(duration),
COUNT (duration)
FROM lukacs.historyitems_large
GROUP BY user_id,
TO_CHAR(started_at, 'YYYY-MM');

CREATE materialized VIEW historyitems_large_mv4 ENABLE QUERY REWRITE
AS
SELECT user_id,
TO_CHAR(started_at, 'YYYY'),
SUM(duration),
COUNT (duration)
FROM ad18__ db.historyitems_large
GROUP BY user_id,
TO_CHAR(started_at, 'YYYY');




Nézzik meg a kdvetkezO lekerdezések lekerdezési tervet és lekérdezesi
koltségét igy és a lekérdezes Ujrairas letiltasaval (/*<+ NOREWRITE */ hint)

SELECT user_id, AVG(duration) FROM adi18 db.historyitems_large GROUP BY user_id;
SELECT DISTINCT user_id FROM adi18 db.historyitems_large;

SELECT SUBSTR(users.surname,8,1),
SUM(historyitems_large.duration)

FROM ad18__ db.historyitems_large

LEFT OUTER JOIN ad18__ db.users

ON historyitems_large.user_id = users.1id

GROUP BY SUBSTR(users.surname,8,1)

ORDER BY SUM(historyitems_large.duration) DESC;

SELECT user_id,
TO_CHAR(started_at, 'YYYY'),
AVG(duration)

FROM ad18__ db.historyitems_large

GROUP BY user_id,
TO_CHAR(started_at, 'YYYY');




A Query rewrite mechanizmus meglehetésen bonyolult, sokszor nehéz latni, miért nem sikertlt az Oracle-nek a lekérdezést Ujrairnia.
Ezért biztosit egy eljarast, aminek egy lekérdezést és egy materializalt nézet nevet string-ként atadva informaciot ad a lekérdezés Ujrairasral, ill.
az Ujrairas akadalyardél. Az informaciokat egy fix sémaju, rewrite_table nev( tablaba irja.

Sajnos jogosultsag hianyaban nem tudjak maguk végrehajtani, de itt egy példa végrehajtas:

BEGIN

DBMS_MVIEW.EXPLAIN_REWRITE( 'select historyitems_large.user_id, sum(historyitems_large.duration),
sum(audio_large.duration)
from historyitems_large left outer join AUDIO_LARGE on historyitems_large.audio_id = audio_large.id
group by historyitems_large.user_id', '"HISTORYITEMS_LARGE_MV2',6 '100');
end;
/

select message from rewrite_table;

QSM-01150: a lekérdezés ujrairasa nem sikerilt

QSM-01067: a(z) HISTORYITEMS_LARGE_MV2 statikus nézet nem tamogatja a(z) SUM lekérdezés-mérészamot
QSM-01082: A(z) HISTORYITEMS_LARGE_MV2 statikus nézet Osszekapcsolasa a(z) HISTORYITEMS_LARGE tablaval
nem lehetséges

QSM-01102: a(z) HISTORYITEMS_LARGE_MV2 statikus nézethez visszakapcsolas szilkséges a(z)
HISTORYITEMS_LARGE tablahoz a(z) AUDIO_ID oszlopban

QSM-01219: nem talalhat6é megfeleld statikus nézet a lekérdezés uUjrairésahoz
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