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= To KUPIO HEPOG TWV dIAPAVEIWV NPOEPKETAI ANO:

= Dunham: Data Mining — Introductory and Advanced Topics.
Prentice Hall, 2003.

= EMnpooBeTa, xpnoigonoinénke uAiko ano:

= Han, Kamber: Data Mining — Concepts and Technigues. Morgan
Kaufmann, 2001.
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2. ATmoBnkeg Aedopévwv

"Mupapida" EnixeipnuaTikng Euguiac

(Business Intelligence — BI)

Making End User

Decisions
Data Presentation Business
Analyst

Visualization Techniques

Data Mining Data
Information Discovery Analyst

Data Exploration
Statistical Analysis, Querying and Reporting

' Data Warehouses / Data Marts
OLAP, MDA DBA

Data Sources
Paper, Files, Information Providers, Database Systems, OLTP
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MeBodoAoyia OLAP

= Brijuata avaAuTIKnG diadikaciag:
= anod To oxedlaouod TNG avaAuong,
* ... OTN GUYKEVTPWON Kal Opyavwaon Twv arapaitnTwy dedopEvwv

= ... TNV avaAucr| TOUG Kal Napouciasn TwV anoTEAEOUATWV Kal TENIKA ...

* TNV EKPETAAEUON  poiovment @ _
TWV onoiwv = @Plannlng

OUMNEPACHATWY

Reporting {_

Data Analysis Data Access

ent  gource: SPSS

and Preparation
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2. AtroBnkeg Aedopévwv

AMOBNKeC AESOUEVWV — £va NAPASEIVHA s

W

Product
Sales product ID
“" description
Time : o type
e 4 e | ““‘ type description
q leo* .
:ilme I]f) " | product ID I‘
ay_of_weel
month :
quarter ’ location ID +"~., Location
‘e
year G .
| quantity | T location ID
| turnover | ZEP code
city
state
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A 1 AA
1
N ’
i 1
' Monitor 1 OLAP Serve
other | Metadata & !
sources ' Integrator !
| \ '
-l . Analysi
1 -
Operational | Extract : Querying
[ -
DBs | Transform ' Serve Reporting
I Load I Data mining
I Refresh '
! |
| N
! |
| & & &
1
1
! |
1 Data Marts !
A ~ A . — \ v J N\ ~ 7
Data Sources Data Storage OLAP Engine Front-End Tools
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AnoBnkec AedoOPEVWY - OPIOHOC

= Opig| é Product
(KGTG W. Iann): Sales (fact table) R 4 5:::?;:_?
Time J ** LR
O1 ANOBNKEG AEGOHEVOIV | gold s pm:?:n 7 Lot
day_of_week
(data warehouses) month location ID *ee,  Location
0 quarter R .
anoTeAouv year quantity location D
' turnover zip code
- cit;
= BEPATO-KEVTPIKA sty

(subject-oriented), ouykevTpwyéva (integrated),

= pe xpovikn diaoTaon (time-variable), un eupeTaBAnTa (non-
volatile)

ouoTnyata diaxeipiang NANPOPOPIaKWY SESOUEVWV YIa TNV
unooTnpPIEN Twv d1adikaciwv ANyng anoacewy

= MAnpoopiaka dedopéva: unoaTnpifouv AAAeG (NEpa Twv
KCIG'BKEQIVOJV) AEITOUPYIEG TNG EMIXEIPNONG, ONWG OXedIACMO Kal
npoRAeyn.
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MepioodTEPA YIa TOV OPICHO TwV AA

* OEPATO-KEVTPIKA:

= OpyavavovTal YUpw and CUYKEKpIYEVA BEPATa, ONwe NEAATEC, NPOIOVTa,
NWANCEIC.

= Aev oupnepiAapBavouv NAeupeEC (dedopéva) Twv BEPATWV nou dev
ouvelo@épouv aTn Sladikacia Anyng anoQacgewv

* JUYKEVTPWHEVA:

= KaTaokeudalovtal HE GUYKEVTPWON NOAANANAWY, NBaveg ETEPOYEVMV
nnywv dedopévwv (Oxeolakeg BA, apyeia k.a.)

= E@apuodlovTal TEXVIKEG kaBapiopou kal oAoKANpwong dedopévamy (yia Thv
£€aopalion ouvéneiac)

8 MA.IIEL - Ndvvii O£080pidng
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MeploodTEPA YIa TOV OPICHO TWV AA

= Mg xpovikn diaoTaon:

= O xpovikog opilovTac aTic AA €ival eupUTEPOG auTou Twv BA (I0Topikr
nAnpo@opia n.x. yia Ta TeAeutaia 5-10 £Tn)

= H évvolia Tou Xpovou gival avanoonaoTo TUAKa piag AA
= Mn eupeTapAnTa:
= O1 AA anoBnkeuovTtal EexwpIoTa anod TIG (ENIXEIPNOIAKEG) BA.

= Aev unapyel n €vvoia Tng Tpononoinong dedopévwyv (Gpa dev undpyouv
B£uaTa ene€epyaciac ouvalaywv, avavnyng, EAEYXou GUVOPOUIKOTNTAC).

= YNapxel 4Ovo n AsiToupyia popT®WONG SEGOUEVODV
giTe nAnpwc (full loading) ite au&nTika (incremental loading)

9 MA.IIEL - Tidvvii Oc080pidng

Ano Tic BA oTic AA

= Mia ano®nkn 8eSOHEVMV KpATA CUVOMNTIKN NANPOpopia yia Kanolio

unocUvoAo TwV (EMIKEIPNOIAKWY) JEQOHEVWV Product
roauc

Sales (fact table) v Pl'OdlfCt.ID
Time “' description
.s* time ID o° type
i ja* * type description
:::;e :iI')week product ID " P P
month location ID G ", Location
quarter = . .
year Ty A location ID
turnover zip code
city
state

= Mia AA opileTal ndvw oTta dedopeva piag (eniXelipnolakng) BA kai n
NANPWOT| TNG YiveTal ue KaTtaAAnAn diadikacia ‘@opTwonc’
= «dlagTaceig» (dimensions) Tng AA: ol nivakeg Time, Product, Location
= METPOIYa PeYEBN» (measures) TNG AA: ol GUVABPOIOTIKEG TIHEC
quantity, turnover

10 MA.IIEL - Ndvvii O£080pidng
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Mapadeiypa popTwonc AA

= Mapadeiypa BA: Operational
product (product_ID, description, DBs

type, type_description) Extract
location (location_ID, zip code, Transform
city, state) Load

sales-transaction (timestamp, Refresh
product_ID, location_ID,
units_sold, unit_price)

= Mapadeiypa ETL:
INSERT INTO sales
( SELECT date(timestamp) AS time_id, product_ID, location_ID,
sum(units_sold) AS quantity, sum(units_sold*unit_price) AS turnover
FROM sales-transaction
GROUP BY time_id, product_ID, location_ID HAVING quantity > 0 )

= Mapdadeiypa AA:
product (product_ID, description, type, type_description)
location (location_ID, zip code, state, city)
time (time_ID, day_of _week, month, quarter, year)
sales (time_ID, product_ID, location_ID, quantity, turnover)

11 MA.IIEL - Tidvvii Oc080pidng

[MoAudIaoTaTo POVTEAO DEQONEVWV

* To noAudiaoTaTo povTEAo dedopévmv aneikoviel Ta dedopéva
og popPry kUBou

= 'Evac kUBOG BEBOPEVWV ENITPENEI TN JovTeAonoinon kal Bswpnon
Twv 0eDOPEVWV O€ NOAAANAEC DIa0TACEIG. TO OXIHa anoTeAEiTal

ano:
* NMivakeg diaoTaocewv (dimension tables) pe nAnpogopia yia Tig
dlaoTdosic Tou KUBou Product
* Mivakeg yeyovotav . Sakes(fct table o | Geseipion
. ime . e
(fact tables) pe AL v ope description
HETPNOIHA P€Y€9|1 :.?;t‘:f_wem location ID '.,.. Location
kal KAEIOIa MpoG Toug (R auantit A i
OXETICOPEVOUG NIVAKEG turnover i code
dlaoTdoswy state
12 MAIEL - Tévng Ozodopidng
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2. ATmoBnkeg Aedopévwv

pxieg

=]

IEp

MeTpnroiyo péyedog:
oTa UNoKaTaoTHUaTa

o
o
0
o
o
o

Location NG noAng Albany (nou
. BpiokeTal oTnv TroNITEiQ
{ State City - NY) mwAnRenkav 15
Albany T~ XINGBEC npoidvTa and
N Tov Kwdikd 1003 (nou
NY | New York e (112111529122 QVAKE! GTOV TUTTO
pallas | — 25[30125|1521 ‘CellPhone’) aTic 1/10.
™ [fouet 7 22|29|21|30|22
ouston | T
P [ 15\25(21(22|15 /\3\@
21(30|29|25|30| )= \"‘\\%

CA | Jose / \\\Q e

4 (%
w
1001 | 1002 | 1003 | 2001 | 2002 | Product_ID { =
o
CellPhone Pager Type &
Product
13 MA.IIEL - Téavyng Ozodwpidng

KUBoc kal KuBoesidn

= And Tov apxikd n-31aoTaTto kUBO, NPOKUNTOUV KUBOEIDH MIKPOTEPNG
dldoTaong

0-D(apex) cuboid

1-D cuboids
2-D cuboids
product, time, location 3-D(base) cuboid
14 HAIEL - Fidveng Ocodopions
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2. ATmoBnkeg Aedopévwv

Iepapyiec AlaoTAoEWV
Year
= >e KaBe d1aoTACN PNOPOUE va / \
opiooupE NAOUOCIEC IEpapxieC Planet
. ;. , Month  Season
= OXI KaT’ avayknv YpappIKES / \
Day Country Continent
Company Hour  AM/PM State  Region
Product Type Minute Zip Code  County
Product Second City
a) Product Dimension b) Time Dimension c) Location Dimension
15 MAIEL - Tévng Ocodopidng

AoyIko Zxnua AA

= MovTelonoinon AA: PETPACIYA YeYEDN Kal dIaoTACEIG

= ZxApa aotépa (star schema): £vag nivakag yeyovoTwv OTO KEVTPO Mou
nepIBAMeTal and nivakeg dlaoTaoEwv

= IxAHa xiovovipadag (snowflake schema): BeATiwon Tou oxnuATog
aoTépa, YE Kanola didaTacn va ival KavoviKoMoINUEVn 0€ oUVOAO
HIKPOTEPWV MIVAKWY dIa0TACEWV

= AoTepiopoi yeyovoTwv (fact constellations): nepiocoTEpPOI TOU £VOC
NiVakeg yeyovoTwv nou polpalovTal anod koivou nivakeg diaoTAgEwY

= Jnopei va BewpnBei kal wg GUANOYN OXNHATWY AoTEPWY — yI' QUTO Kal
€VaANaKTIKG ovopaleTal oxnua yaAagia.

16 MA.IIEL - Ndvvii O£080pidng

2.8



2. ATmoBnkeg Aedopévwv

| ] [ i\
===
2XNHa aoTepa b
Product
Sales (fact table) v product ID
Time ""’ description
. ‘4 time ID ‘ “»‘ type
i - R e description
(s 1D * ’ product ID typ L
day of week
month ’ location ID *."u. Location
quarter ‘ " ‘ ..
year quantity " Jocation ID
‘ turnover ‘ zip code
city
state

17
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—=

‘\
| ] 1 ‘ ;Iu
2XNHa xiovovipaddag =
Product
Sales (fact table) < gmd““ ID
. & | description
Time ‘_‘.4 time ID .." type
gimellf) . * ’ product TD )y "', Product Types
ay_of_wee .
month ’ location ID {.‘ type
uarter ; %, type description
gear ‘ quantity %, Location
‘ turnover ‘ “1 location ID
zip code  +,  Zip codes
- zip code
city
state

18

MA.IIEL - Ndvvii O£080pidng

2.9



2. ATmoBnkeg Aedopévwv

AOTEPIOUOC YEYOVOTWV

Sales (fact table)

time ID

product ID

location ID

--.-lll-"

‘#description
3

Shipping (fact table)

Product

product ID

=type

|
|
1

quantity
‘ turnover day ID
Time _‘_,..--"‘ ’ product ID Shipper
time ID ;.,‘-.-- "'-‘ ’ shipper ID '* shipper ID
K name
day_of week P . J“ from-location ‘
month YLocation RS type
“"_‘_.-}- to-location ‘
QI location ID (4" —
year zip code ‘ shipping-cost ‘
city ‘ units-shipped
state TA.HEL - Névwng Ozodopisng

AvaAuTikn eneEepyaocia dedOPEVWV

= Online Analytical

Location
State City Processing —

Albany T~ OLAP: o1 AsiToupyieg
NY Newvork | - [11]21]15[29]22 avaAuong SedopEvwY

25130125/15/21 navw o€ eva Kupo

las | .
N :a > 22120121[30[22 » Roll-up (cuoompeuan)
st | 15125(21122(15 —/’5\\“- Drill-down (epBaduvon)
San 21[30[29[25[30 .,,:::'_i"@\\m\ - Slice (Tepayiopoc)
CA | Jose / ] x\\Q o = Dice (KopuaTiaopa)
, AN = Pivot (nepioTpodn)
1001 | 1002 | 1003 | 2001 | 2002 | Product_ID
CellPhone Pager Type
Product
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2. ATmoBnkeg Aedopévwv

Baoikéc Asitoupyiec OLAP

= Zuoowpeuon (roll-up):

= Avodog aTo lattice Twv
KuBoedwv (Ue apaipeon
dldaTaone)

= Avodog aTnV Iepapyia piag
digoTaong

= EppBaduvon (drill-down):
TO QVTIOTPOPO TNG
Aerroupyiag roll-up

Quantity (in 1000’s) 2008
Q1]Q2|Q3|Q4
Dallas 78 |98 [ 34 | 56
TX Houston 90 |94 {87 |91
Roll Up !

Dimension: time
(month 2 quarter)

Quantity (in 1000’s) Q1 Q2
Jan | Feb | Mar | Apr | May | Jun
Dallas |30 |26 |22 [20 |36 |42
TX Houston |28 [30 |32 [38 [30 |26
21 MAIEL - Tévng Ocodopidng
1 1 ]
Baoikec Aeitoupyiec OLAP (ouv.)
= Tepayxiopog (slice) kai
Koppamiacpa (dice): Quantity (in 1000’s) 2008

€E€TAON UNOOUVOAOU Tou KUBoU
ME enMIBoAn QIATPwWV OE KAMNOIEC
dIaoTAoEIg

22

(any product)

Q1]Q2|Q3|Q4
Dallas 78 |45 [ 34 | 56
TX Houston |90 |67 |87 |91

Slice

lproduct.type = ‘CellPhone’

|

Quantity (in 1000’s)

(CellPhones only)

2008

Q1|Q2|Q3|Q4
Dallas 53 |35 |20 |48
TX Houston |76 |57 |40 |80

MA.IIEL - Ndvvii O£080pidng
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Baoikéc Asitoupyiec OLAP (Guv.)

= MepioTpoPn (pivot): eupavion kUPBoU anod dIaPoPETIKr ONTIKN ywvia

Eé% Quantity (in 1000’s) CellPhone Pager
Y 1001 | 1002 | 1003 | 2001 | 2002
2 Dallas 20 33 12 8 12
TX Houston | 32 45 34 20 23
Location
m Pivot

5 Quantity (in 1000’s) 2008
e (any product)
Q1]|Q2|Q3|Q4
oo Dallas |78 |45 |34 |56
TX Houston |90 | 67 | 87 |91
23
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ApxiTekTovikEC OLAP Servers

= Relational OLAP (ROLAP)
= ¢£va oxeolakd DBMS anoBnkelel kai diaxeipiletal Ta dedopEva Tou warehouse

= ¢va OLAP middle ware unoatnpilel Tig Aerroupyieg OLAP

= ekpeTaleleTal TIg SuvaTdTnTEG Tou DBMS (BeATIOTONOINGON KAM.)
= KNIMAGKQWVETAl KAAG

= Multidimensional OLAP (MOLAP)

= unxavr anobrkeuong nohudiacTatwv dedopévmv Baciopevn ot arrays / matrices

= ypryopn deIKTOdOTNON NAVW OTIC (NPO-UNOAOYIOHEVEG) CUVOYEIC
= Hybrid OLAP (HOLAP)

= EUENIKTO OXNId, OXEOIAKOI NiVaKEG 0TO XapNnAO ninedo Kai PATPEG OTO UYPNAO
€ninedo

24
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2. ATmoBnkeg Aedopévwv

YAonoinon Tunou ROLAP

= Tooo Ta dimension tables 6go kai To fact table sivai

OXECIaKOI NIVAKEC

Product
Sales (fact table) v product ID
Time ,+*° | description
“,4 time ID ‘ R type
i - Rl e description
gme I}) X * ’ product ID typ P
ay_of wee
montth ’ location ID *."u. Location
uarter - o
gear ‘ e ‘ A location ID
‘ turnover ‘ zip code
city
state
25 HATIEL - Fivvng Osodopiong
[Mapdadeiyua ROLAP
Location | Zip Location | Product | Time_ | Turnover | Quantity
_ID code D
1 01/10 49000 2450
2 02/10 28900 2890
3 03/10 26500 2650
Location Table Fact Table
- Time | day_of | ...
Product Dgscrl D “week
D ption 61/10
- 02/10
2
3
' Time Table
Product Table

26
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2. ATmoBnkeg Aedopévwv

Mapadeiypa ROLAP (ouv.)

= Mapdadeiypa Slice: “Avakuon NwWANCEWV
MOVO yIa Ta KIVNTA TNAEPwvA nou
nwAnénkav To 2007 otnv noNiteia Texas”

SELECT Quantity

FROM Location L, Product P,
Time T, Fact F

WHERE L.Location_ID = F.Location_ID
AND P.Product_ID = F_Product_ID
AND T.Time_ID = F.Time_ID
AND L.State = “TX~
AND P.Type “CellPhone”

AND T.Year = 2007

Slice: Loc=1..2, Prod=3..4
Time=3..4

27 MA.IIEL - Tidvvii Oc080pidng

Mapadeiypa ROLAP (ouv.)

= O1 Aerroupyieg Roll-up, Drill-down
uhonoloUvTal ue kataAAnha ‘GROUP BY’

= Mapadeiypa Roll-up: “Availuon nwAnoswv
ava noAireia”

SELECT SUM(F.Quantity) ,

FROM Location L, Product P,
Time T, Fact F

WHERE L.Location_ID = F.Location_ID
AND P.Product_ID = F.Product_ID Roll-up: Location.state
AND T.Time_ID = F.Time_ID

GROUP BY L.State

28 MA.IIEL - Ndvvii O£080pidng
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YAonoinon Tunou MOLAP

E-:

i~

= To fact table €ival uhonoinuévo o€ doun noAudiaoTaTng

uNTpag (matrix) N nivaka (array)

Product
Sales (fact table) v product ID
Time R description
“.4 day ID ‘ R type
aeet" R type description
Gby7IID ’ product ID
day of week
month ’ location ID *."u. Location
quarter ‘ = ‘ .,
year e " Jocation ID
‘ turnover ‘ zip code
city
state
2 HATIEL - Fivvng Osodopiong
N
iy -

Mapaderypa MOLAP

‘ i~

O kUBoc ival uhonoinuévog we vag 3-d1aoTaTog Nivakag:

Fact(Loc, Prod, Time)

Eniong, ival npokaTaokeuaopEva oAa Ta Kupoeidr !

Mapadeiyua Slice: “Avaluon NwAnoswv PJOVO yia Ta KIvnTd

TNAEPwWVA nou nwAnenkav 1o 2007 atnv noAiTeia Texas”

2 4 4 .
ZLOC=1ZPr0d=3 ZTime:S FaCt(LOC’ Prod ! TImE)
Mapadeiypa Roll-up: “Avaiuon nwAnoswv ava nohireia”

= Agv atraiteital kaTTola €10IKA A&IToupyia agou gival diabsoipya 0Aa Ta

KUBOEIBA, apa Kail To Factp g Time(LOC)

30
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2. ATmoBnkeg Aedopévwv

=

e,

KaTtakAeida .

= O1 AA TnpouvTal EexwpioTa anod TIG (enixeipnolakég) BA, yia duo
KUpiw¢ AOyouc:

= OfpaTa enidoong Twv dUO CUCTNUATWY

= ZABA — puBuIOPEVO Va £xel KAAEG enidoaelg oe OLTP: pébodol
NPOoNEAAONC, EUPETHPIA, EAEYXOC OUVOPOMIKOTNTAG, avavnyn

= AA — puUBIOPEVN va €xel KAAEG eMBOTEIG o€ OLAP: gUVBETEG
AeiToupyiec OLAP, noAudiaoTaTn Bempnon dedOPEVLV.

= AlGQOPETIKEG AEITOUPYIEG NAVW O dIAPOPETIKA dedopiéva:

= IoTopika dedopéva: O anoPACEI TWV OTEAEXWV EUNAEKOUV
dedopéva Tou napeABoOvTog, ol BA ouvTnpoUv dedoéva Tou NapovTog

= ZUYKEVTPWON dedopévmv: O1 AA anairoUv CUYKEVTPWTIKA
nAnpo@opia (cuvabpoioelig, cuvowelc) and dedopéva Nou NPoEPYoVTal
ano €TEPOYEVEIG NnyeC BA
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