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Outline

< Data Warehouse architectures
< Data integration and loading: ETL vs. ELT
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DW Architecture 1 (vasic)
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ETL workflow
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DW Architecture 2
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Operational Data Store

o = Staging Area = (Data) Stage

< A repository for an ETL engine

2 To separate normal processing at DSs from data ingest
= to separate transactional from batch processing

= Disk storage for processing large data volumes that will
not fit in RAM

= To provide means for data provenance
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Operational Data Store

2 To store intermediate results > to be shared (used) by
multiple ETL tasks
= re-using the same result datasets by multiple processes
(optimization)
= for recovery after crash of an ETL process
+ re-executing a stopped process from a failed phase
2 Recent data can be accessed before a DW is refreshed
< Implementation
= database
(distributed) file system
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DW Architecture 3
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DW Architecture (cd.)
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Allegro DW

C. Maar, R. Kudlinski: Allegro on the way from XLS based controlling to a modern BI
environment. National conference on Data Warehousing and Business Intelligence,

Warsaw, 2008
10
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DW Architecture 4
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Gartner Report: DW servers

Magic Quadrant for Data Management Solutions for Analytics
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Large DW Architectures

2 # data sources: 100 - 200

2 Fact table: nn * 10° rows

2 Facttable: n TB

< Multiple relational DWs in an organization
= DW size: nn TB

2 Multiple data marts

2 n * 103 to nnn * 103 ETL workflows

> DW composed of 100+ tables
* on average 50+ attributes/table
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DW in Bank
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DW Architecture 5: ELT (ELTL)
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ELT Architecture

2 Performance
» data stored in a DB = processing by means of: SQL,
PL/SQL, SQL PL, Transact SQL
= data processed in a DB buffer cache = native DB
environment
» advanced query optimization offered by DBMS
= single server for ELT and HD = heavier workload
2 Functionality
= data provenance
= drill through
< Costs
» single DW server
= less software licences (0S, DBMS)
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ETL vs. ELT (experiment 1)

< Data sources
= topic: Internet auctions
= storage:
¢ Oraclel1g (Object-Relational model)
* MySQL
o PostgreSQL
e XML
< Data warehouse: Oraclellg
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ETL vs. ELT (experiment 1)

2 DW schema

ELT.CITIES ELTREGIONS
P " CITYID NUNBER P ' REGIONID NUMEER ELT COUNTRIES
CITYNAWE  VARCHARZ (30 BYTE) REGIDNNAME  VARCHARZ (30 BYTE) P * COUNTRVID NUMBER
P REGiomD  nuueeR [Sf — —MF  countRviD  WuuEER - " COUNTRYHAME  VARCHARZ GO EYTE)
- e [a= PI_REGIONS (REGIONID) &= PK_COUNTRIES (COUNTRYID)
ELT0AYS % PK_CITIES (CITYVID) @ PK_REGIONS (RESIONID O BT EEETRG D
P - oaten NULIBER %
DAYNAME  VARCHARI (15 BYTE)
F MONTHID  NUMEER
DAYHR NULIBER IR ELT.USERS
| PK_DAYS (DATEID) < AC W A HumBER
= I{ ) - - - — ACTIONID HUMBER FETNE O RS
& PK_DAYS (DATEID) FCUER NUMBER (1023 Ny _pF GROUPID NUMBER
QUANTITY  WUMEER
FoociYD HUMBER & PK_USERID (USERID)
FPRODUCTID  HUMBER
ELTMONTRS o usern numEER W
P " MONTHID  NUUBER F * SDURCE VARCHARZ (30 BYTE)
F YEARD  NUMBER o F AusTons memenn oounos ELT.GROUPS
MONTHNR _ NUMBER - o i . P * GROUFID NUNMBER
[ PK_MONTHS (MONTHID) & PK_AUCTIONS (ACTIONID, SOURCE) * GROUPNAUE _ VARCHAR2 (30 BYTE)
& PK_MONTHS (MONTHID) [ PK_GROUPS (GROUFID)
v | % FK_GROUPS (GROUPID)
ELTPRODUCTS
ELTYEARS Bo D RAER ELT CATEGORIES
P VEARID  WUNBER FRODUCTNAME  VARCKARZ (50 BVTE P - cATEGORYID HUMBER
" VEAR  MUNBER P CATEGORYID  NUMBER I — " CATEGORYNAME  VARDHAR2 (308YTE)
| &= PK_YEARS (YEARID) |&= PK_PRODUCTS (FRODUCTID) & PK_CATEG ORIES (CATEGORYID)
& PK_YEARS (VEARID) @ PK_PRODUCTS (FRODUCTID 4 PK_GCATEGORIES (DATEGORYID)
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ETL vs. ELT (experiment 1)

< Transformations of data for:
= dimensions
= fact table

2 ETL architecture = Oracle Data Integrator (ODI)
« ETL in a staging area on a separate server
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ETL vs. ELT (experiment 1)

< ELT architecture
= T+L in a staging area on the same server as a DW
» variant 1: E+L 2> ODI, T+L > implemented in ODI

* variant 2: E+L 2 ODI, T+L 2 implemented as
materialized views (MVs)

* variant 3: E+L > ODI, T+L > implemented as stored
packages (SPs)

» variant 4: E+L > ODI, T+L > SPs + MVs
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ETL vs. ELT (experiment 1)
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ETL vs. ELT (experiment 2)

< Data source

= flight and weather data in the US, from 1986 until 2008

= 6 tables in Oraclellg
< Data warehouse: Oraclellg
< ETL/ELT: Informatica

SRC_D_PLANE_DATA

SRC_F_FLIGHTS

SRC_F_WEATHER
TAILNUW wvarchar2(20) PK]

STATION_ID varchar2(50) FK TYPE rchar2(20)

A varchar2(50) HANUFACTURER  varchar2(30}

number ISSUE_DATE wvarchar2(10)

ELEMENT varhar2(s0) TEAR Varcnarz(4)
DATA_VALUE varchar2(50) STATUS
M_FLAC wvarchar2, 1_‘ AMIRCRAFT_TYPE  varchar2(20)
Q_FLAG varchar2(1) ENGINE_TYPE varchar2(20)
sF varchar2(1) HODEL varchar2(20}
OBS_TIME varchar2(50)

SRC_D_STATIONS

D varchar2(11) PK|
T LATITUDE  varchar2(10) } SRC_D_AIRPORT
LONGITUDE  varchar2(10) - -
ELEVATION  varchar2(10) ARPORT varchar2(50.
WMOID varchar2(s) oy varchar2(50,
NAME varchar2(30) LONGS varchar2(50.
SRC_D_STATES GENFLAG varchar2(3) COUNTRY varchar2(50;
CODE varchar2(2) HONFLAG varchar2(%) X E‘;TTE :{afﬂnafglgﬂ‘ ;
NANE varchar2(50) STATE varchar2(2) FK[ T STA varchar2iso) FK|

TAILNUM varchar2(20) FK
ACTUALELAPSEDTIME  varchar2(2
CRSELAPSEDTIME varcharz(2!

AIRTIME varchar2(10)
ARRDELAY varcnarz(2
DEPDELAY varchar2(2!
QRIGIN varcharz(3
CEST varchar2(3
DISTANCE varchar2(30)
TAXIN

TAXIOUT

CAMCELLED

CANCELLATIONCODE

DIVERTED varchar2(10)
CARRERDELAY varchar2(20)
WEATHERDELAY varchar2(20)
NASDELAY varchar2(20)
SECURITYDELAY varchar2(20
LATEAIRCRAFTDELAY  varchar2(20)
D number
FLIGHTMUN varchar2(40,
UNIQUECARRIER varchar2(20,
CRSARRTIME varchar2(40
ARRTIVE varchar2(40
CRSDEPTIME varchar2(40
DEPTIME varchar2(40
DAYOFWEEK varchar2(10,
DAYOFMONTH varcnarz(2o
YEAR varcharz(40)

MONTH varcharz(20)




ETL vs. ELT (experiment 2)

> DW schema (augmented with: calendar, airplane
data, airport data)

D_CALENDAR

F_WEATHER
ViH_ID number
DWH_S0URGCE_KEY varchar2(50}
DWH_DELETE_FLAG varsnar2()
DUH_VALID_FROM date
FK_STATION_ID number
FK_OB5_TINE number
STATION_D varar2(so
4 varchar2(50)
WELEMENT varchar2(50)
DATA_VALUE varchar2(60}
W_FLAG varsnarz(l)
FLAG varchar2(1)
_FLAG varchar2(1)
0B5_DATE_TIVE date
WYEAR numbosr

PK

FK
FK

D_STATIONS

DWH_ID number
DWH_SOURCE_KEY  varchar2(50)

DWH_DELETE_FLAG  varchar2(1}
DWH_VALID_FRON  dale

D varchar2(11)
LATITUDE varchard{1£)
LONGITUDE Narehar2(15)
ELEVATION varchar2(15)
UNIOID varchar2(5)
NAME arEhar2ia0)
GSNFLAG arehar2(3)
HCNFLAG varchar2(3)
STATE_CODE varchar2i2)
STATE_NAME arehar2ise)

FK|

I

DATE_KEY.
DATE_TIME_START
DATE_TIHE_END
DATE_UAl
DAY_Of

E
_OF_WEEK_NUMBER
DAY_DF_WEEK_DESC
DAY_OF_WEEK_SDESC
WEEKEND_FLAG
WEEK_IN_NONTH_NUMBER
WEEK_IN_YEAR_NLMBER
WEEK_START_DATE
WEEK_END_DATE
180_WEEK_NUMBER
1S0_WEEK_START_DATE
1SO_WEEK_END_DATE
DAY_OF_WONTH_NUNBER
MONTH_VALUE
MONTH_DESC
MONTH_SDESC
MONTH_START_DATE
MONTH_END_DATE
DAYS_IN_MONTH
LAST_DAY_OF_MONTH_FLAG

DAY_DF_CQUARTER_MUMBER
QUARTER_VALLE
QUARTER_DESC
QUARTER _START_DATE
QUARTER_END_DATE
DAYS_IN_QUARTER

DAY_0

YEAR_START_DATE
YEAR_END_DATE
DAYS_IN_YEAR

nurmoer PK|
date

aate
varenarz(11y
numbe!
varchar2()
Varenarz(zp

numeer
varchar2(2)
varhar2(1)
varchar2(3)
date

date
number
number
number
varchar2(1)
varhar2(2)

date
number
nurmzen
numoer
varchar2(4)
varenarz(s}
Varenarz(ay

date
numaar
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DO_PLANE_DATA F_FLIGHTS
numoer PE| H_ID numoer PH|
H_B0URCE_KEY varchar2(50) DWH_SOURCE_KEY varchar2(50)
DWH_DELETE_FLAG varenarzi1y DWH_DELETE_FLAG Narcharz(1y
DWH_VALID_FROM date DWH_VALID_FROM date
FK_ISBUE | numzer K FR_TAILNUN_ID numger FK
THLHLN varchar2(20) FH_ORIGIN_ID number K
TYPE varchar2[2o) FK_DEST_ID numzer Fi|
VANUFACTURER varchar2(30)  [—H—0=| F<_DEF_BATE_ID numzer  FK
IS5UE_DATE date FK_CRSDEP_DATEID  mumter  FK|
STATUS varchar2(20) FK_ARR_DATE_ID numoer K
ARCRAFT_TYFE varchar2(20) FK_CRSARR_DATE_ID numzer Fi|
ENCINE_TYFE vaichar2(20) TAILNUM warchar2(20)
VODEL varchar2(20) ACTUALELAPSEDTIME )
CRSELAPSETIME )
ARTINE )
s ARRDELAY 20)
DEPDELAY )
DEAIREONT ORIGIN varchar2(20)
CWHLI PK DEST Varchar2(20)
CWH_SOURCE_KEY  varcnarz(20) DISTANGE varchar2(20)
DWH_VALID_FROM date TAXIN varchar2(20)
DWH_DELETE_FLAG  varchar2(1) TEXIOUT 2
WTA varchar2(4) CANCELLED archar2(20)
ARPCRT varenar2(41) CANGELLATIONGODE  varchar2(
em varchar2(33) DIVERTED warcharZ|
COUNTRY vareharz( CARRIERDELAY varchar2(20)
STATE_CODE varchar2(2) WEATHERDELAY archar2(20)
STATE_MNAVE varchar2(53) NASDELAY wvarchar2(20)
LeT numoer SECURITYDELAY varchar2(20)
LoNGS numzer i FTDELAY 0
FLIGHTIILIN
UNIQUECARRIER varchar2(20
UNIQUECERAIER_DEST  varchar2i2o)
DEPDATETIME date
DEARBORT? STATIONS, CRSDEFDATETIME date
CWH_ID number 7K ARRDATETIME date
DWH_SOURCE_KEY varcharz(st} DEFTIME aate
DWH_DELETE_FLAG varchar2(1)
DWH_VALID_FRON  date
FK_STATION IO numzer K
T Fr_sIRPORT_ID numgzer K
DISTANCE number
23

< ETL = Informatica
2 ELT = Informatica (E+L), DB views (T+L)
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ETL vs. ELT (experiment 2)

2 ETL = Informatica

2 ELT = Informatica (E+L), DB views (T+L)
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Architecture for Data Science

data profiling &ltransformations data analysis & visualization
\
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< Data stored in files
= performance problem
= no backup & recovery
* no access control
< Data & code sharing is difficult
» re-usability problem
= low programming productivity
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