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i Introduction

= Definition by W. Inmon (1992)

= “A subject-oriented, integrated, time-
variant, and non-volatile collection of data
used in support of management’s
decisions”
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$ Introduction

= Subject oriented
= The DW is organised by “data subjects” that are relevant to the
organisation.
= Subjects: Sales, Purchases, shipments, etc.
= Context of analysis: clients, suppliers, products, etc...
= Multidimensional Modeling (First approach)
= Facts - Activities of a high interest
= Dimensions - context of analysis
= At the logical level: Star schema and its variants (snowflake, fact
constellations)
= Fact and dimension tables
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$ Introduction

= Integrated

= Data integrated from different data sources to provide a
comprehensive view

s Time variant

= Historical data: related to a time period and incremented
periodically

= Non-volatile

= Data are not updated or erased by end users. New data is
always (most of times) added.
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$ Introduction

Monitoring & Administration

@ Metadata OLAP
Repository Servers
Data Warehouse / ' Queries/Reports

%@ Hn”l]

Data Marts Analysis
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Extraction

External sources
Transformation

Operational DB’s

=

Data Sources

Loading

$ Introduction

= Data Warehouses (DWSs) are complex Information
Systems

= They support:
= OLAP
= Data mining
= Decision Support Systems
= Building a DW:
= A complex task and time consuming
= DWSs - prone to failures
= High costs
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i Introduction

= Partial approaches:
= ETL processes
= Logical and conceptual approaches

= Deriving DW schemas from the available data
sources

= Data warehouses, MD databases, OLAP
applications
= Multidimensional (MD) modeling
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i Introduction

= Different approaches for conceptual modeling
(graphical approaches):
= Golfarelli et al.

Husemann eral | wmd QOwn graphical notations
Sapia et al.

= Tryfona et al. > )
= Abello et al. Learn a new notation

Akoka et al.

| | e /
= Different methods for desiging DWs, but not a global

method covering main relevant parts of a DW (e.g.
sources, DW repository, ETL, ...)

EDA’08. Toulouse. June 08. 10

Juan C. Trujillo. Jtrujillo@dlsi.ua.es é




i Outline

= Overall Method based on the UML

= MDA: Model Driven Architecture

= Data Warehouse Quality

= Other issues: Security and Data Mining
= CASE tools

= Conclusions and further works

EDA’'08. Toulouse. June 08. éi
Juan C. Trujillo. Jtrujillo@dlsi.ua.es

11

i Outline

= Overall Method based on the UML

= MDA: Model Driven Architecture

= Data Warehouse Quality

= Other issues: Security and Data Mining
= CASE tools

= Conclusions and further works

EDA'08. Toulouse. June 08. 3
Juan C. Trujillo. Jtrujillo@dlsi.ua.es

12




i Overall Method based on the UML

= Aim: A complete method for the design of DWs

= Basics of our approach:
= Standard notation > UML
= Complete = Including main design phases
= Flexible method - Allows using 15 different diagrams
= No necessary to use all of them

= Different detail levels or different users (IT professionals,
final users

= Packages
= Method Scientific production
= JISBD'03, DWDM'03, ADVIS'04 etc...
= The whole proposal has more than 90 papers

= Aplicable = Supported by CASE tools
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Overall Method based on the UML

Unified Modeling Language (UML)

= UML Extension mechanisms
= UML is a general purpose visual modeling language
= Extension mechanisms allow us to adapt it to specific

domains
= Metamodel from MOF
= Profile

MOF

ametamadels ametamadals ametamodals aprofiles
cWM Nuevo Lenguaje umML Ofro Lenguaje
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Unified Modeling Language (UML)

i Overall Method based on the UML

a ...
= Metamodel from MOF

= Profile

Tagged values - New properties

Stereotypes - New modeling constructiors
Profile
Constraints - New semantics

Different @ p——
i Fact 4
views of a Fact 2 Fact 3
stereotype
Fact 1
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i Overall Method based on the UML

= The development of the DW is
structured in an integrated framework:

= Five stages _ _
. Three levels (- Fifteen diagramas

= The different diagrams of the same DW
are not independent but overlapping
(UML importing mechanism)
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Overall Method based on the UML

Data Warehouse
MonitorizacioC@reeptisahdrhema

kkkkk

Fe—

Consu{aiinformes

Hn”l]

Mineria de datos

Fuented de datcschema
(ODS)

Diagiamffarts Herramientas

(vistas sobre el modelo) de consulta
EDA'08. Toulouse. June 08. . 17

Juan C. Trujillo. Jtrujillo@dlsi.ua.es

i Overall Method based on the UML

= Stages:
= Source: data sources (OLTP, external data sources, etc.)
= Integration. mapping between source and data warehouse
» Data Warehouse: structure of the DW

= Customization. mapping between data warehouse and
clients’ structures

= Client. structures used by the clients to access the DW (data
marts, OLAP applications, etc.)

= For each stage, different levels:
= Conceptual
= Logical
= Physical
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i Overall Method based on the UML

15 UML diagrams can be used

Phases
Levels
Source (S) Integration Data (DW) C izati Client (C)
[OLTP, external data, ...} {OLAP, data mining, ...)
Conceplual sCS DM H owesS : : DM i ces
Class diagram Class ciagram | Class diagram i f  Classdiagram ¢ Class disgram
Standsrd UML Data Mapping Profile | Standard UML H { Data Mapping Profile | Standard LML :
Multickmersicnal Prafie | Multicimensional Profiie |
sLS DWLS { Exporting Process | cLs
Logical Class diagram Class diagram i Class ciagram  } Class diagram
Difterant data modeling : Different data modeling H ETL Profile : Different data modeling
profies phor-Manait B S L L roiies
Physical 5PS ii Transportation Diagram  ; DWPS ii Transportation Diagram | CPS
Comp. & deploy, diagrams | Deployment ciagram ! Comp. & deploy, diagrams Deployment diagram | Comp. & deploy. diagrams |
Database D Profile ;| Database Deployment Profile ;| Database FProfiis ;: Database FProffie ;: Database Froffie ;

LEGEND: C5: Conceptual Schema, LS: Logical Schema, PS: Physical Schema, Comp. & deploy: Component and daployment .
From Advis'04
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Overall Method based on the UML

Based on the Unified Process (UP)

= DW development method

= Based on

= Unified Software Development Process o Unified Process
(UP)

= UP is generic - must be instantiated

= Life-cycle project divided into:
= 4 phases/stages
= 5+2 core workflows
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Overall Method based on the UML

Based on the Unified Process (UP)

Phases
Core Workflows | Inception | | Elaboration | | Cor ion | | Transition
e Requirements /"_"I_-_'J /—._"E_H\\—-‘"'_“;‘h-— :
Our Unified Process (UP) ; ! ' '
instantiation Analysis | I ;
Design : ' I —— :
Hybrld approaCh Implementation | : : \\-_i_
Top-Down + bottom-up Test I P P N
Maintenance ' H H cciliil}
Post-development i H : n
review : : : ’
Iter.i Iter. E i Iler.E Iter.
#1 ! #2 ! ! #n-1: #n
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Overall Method based on the UML

Based on the Unified Process (UP)

» Requirements

= What the final user expects to do with the DW
(measures, dimensions, aggregations, etc.)

= Method:

= Use cases:
= UML use cases diagrams
= Template: name, actor, etc.

= Adapt i* (TROPQOS) to capture goals
= Other work: Rizzi et al. (DOLAP,05)
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Overall Method based on the UML

Based on the Unified Process (UP)

= Obtaining requirements
= Business Use case diagrams
= Represent main objectives to be achieved by implementing the DW

= Requirement specification
= Use case diagrams

= Defining the requried information requirements to satisfy the
objectives

= Validating requirements
= To build a MD schema from use case diagrams
= To check that this schema will allow fullfilling user requirements.

In Rebnita’05, RIGIM’07, IDEAS'08 - i* adapted for DWs
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Overall Method based on the UML

Based on the Unified Process (UP)

n Analysis:
= Refine and structure the requirement
= Document data sources

= Method:

= Conceptual schema of data sources
= Class Diagram
= Component Diagram
= Deployment Diagram
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Overall Method based on the UML

Based on the Unified Process (UP)

Operational Data

Schema
(ODS)
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Overall Method based on the UML

Based on the Unified Process (UP)

Source (S)

Integration Data (DW) C Client (C)
[OLTP, external data, ...} {OLAP, data mining, ...)
Conceplual scs oM DWCS P DM ces
Class diagram Class ciagram | Class diagram H f  Class diagram Class disgram
Standard UML Data Mapping Profile | i Data Mapping Profile : Standard UML ~ §
Sibosnbbiu st it irbaauiin st Sl Multidmensional Brofie
Logical sLs { ETL Process | pwLS | Exporting Proces: cLs
g Class diagram : Class diagram Class diagram Class diagram Class diagram
Different data modeling i ETL Profile Different data modeling ETL Profile Differant data modeling
i I profies | e P
7
Physical SPS ii Transportation Diagram  ; DWPS ii Transportation Diagram | CPS
Comp. & deploy. | Deploymentdiagram  |i  Comp. & deploy. diagrams Deployment diagram | Comp. & deploy. diagrams |
Daplayment || Database Deplayment Profile i! Database Deplayment Frofile ;! Database Profile ;? Database Profile |
\ A

LEGEND: C5: Ooupmwml Schema, PS: Physical Schema. Comp. & deploy: Component and deployment
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Based on the Unified Process (UP)

i Overall Method based on the UML

» Operational Data Schema
= Represents:

= OLTP

= External data sources

= There is not a UML extension to model
different types of data sources
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Based on the Unified Process (UP)

i Overall Method based on the UML

s RDBMS = Rational’s UML Profile for Database
Design. <<Database>>, <<Schema>>,
<<Table>>, ...

s ORDBMS > Marcos et al. UML Profile for
Object-Relational Database Design.
<<array>>, <<row>>, <<ref>>, ...

s XML > Rational’'s XML-DTD UML Profile:

<<DTDElement>>,
<<DTDElementEmpty>>, <<DTDEntity>>,
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Overall Method based on the UML

Based on the Unified Process (UP)

<<ODS>> 1
Salesmen cities \1 Counties States

Sales data

1 1

0..n 0..n

il m "=
<<OI_DS>> 1 0..n o.n 1l 1
Production data Groups Discount policies Inwoices Customers Agents
0..n 1 0..n

“ 0.n 0.n 1
<<ODS>> ﬁ
Syndicated 1 0.n 1 0.n

data Families Products Lines Categories
0.n |0.n
1
m*
Packages Storage conditions
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Overall Method based on the UML

Based on the Unified Process (UP)

n Design:
= DW conceptual model
= Source to target data mapping diagram

= Method:
= Data Warehouse Conceptual Schema > Class
diagram
= Client Conceptual Schema > Class diagram

= Data Mapping - Diagrama de clases Class
diagram
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Overall Method based on the UML

Based on the Unified Process (UP)

Data Warehouse
Conceptual Schema
(DWCS)
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Overall Method based on the UML

Based on the Unified Process (UP)

Source (S)
[OLTP, external data, ...)

Integration

Client (C)
[OLAR, data mining, ...)

Conceptual scs \ oM i : owes P DM ccs
Class diagram : Class diagram H £ Class diagram Class disgram
Standarg LML Standard UML ! t Data Mapping Profile : Standard
: Muiticimensional Profite | e sional Proi
Logical sLS | ETL Process | DWLS. : Exporting Process cLS
g Class diagram | Class diagram | Class diagram ! Class diagram Ciass dfagram
Ditferant data modeling i ETL Profile Diffarent data modeding H ETL Profile : Diterent data madeling

rofies profiles profiles

Physical i SPS ii Transportation Diagram | DWPS i1 Transportation Diagram | CPS
i Comp. & deploy. diagrame. | Deployment ciagram i Comp. & deploy. diagrams Deployment diagram  :i Comp, & deploy. diagrams |
| Database Deplayment Frofle || Database Deployment Profile || Database Profile |} Database Profite ;| Database Pralie |

LEGEMND: CS: Conceptual Schema, LS: Logical Schema, PS: Physical Schema, Comp. & deploy: Component and deployment
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

» Data Warehouse Conceptual Schema

» Proposal: UML Profile for Multidimensional Modeling
= Use of the Object Constraints Language (OCL)

= Basic components:
= Facts and dimensions

= Represented properties:
= Shared dimensions
= Heterogenous dimensions
= Degenerated facts and dimensions
= Multiple and alternative classification hierarchies

"o = Scientific production:

= ER02, UML'02, JISBD'02, ER'03, etc.
= |EEE Computer 2001, JDM'04, JDM'06, DKE'06
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

— =
Star <
Schema 1 Di jon 1 Di ion 2 * [ {dagh \*
" A 1 1
1 v R ‘ Dimension 2 ‘ ‘ Dimension 2 ‘
: N N , 7’ Level 1 Level 3
— ! — N . E .
Star Fact 1 Dimension 2 )
Schema 2 K / Level2 |1 /
Level 1 Level 2 Level 3
Model Star schema Fact/Dimension
Definition Definition Definition
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Multidimensional modeling guidelines for using packages

No.  Level  Guideline

Oa At the end of the design process, the MD model will be divided into three levels: model definition, star schema
definition, and dimension/fact definition

Ob Before starting the modeling, define facts and dimensions and remark the shared dimensions and dimensions that

share some hierarchy levels
1 1 Draw a package for each star schema, i.e., for every fact considered
Decide which star schemas will host the definition of the shared dimensions; according to this decision, draw

2a 1
the corresponding dependencies
2b Group together the definition of the shared dimensions in order to minimize the number of dependencies
2¢ Avoid cycles in the dependency structure
3 Draw a package for the fact (only one in a star package) and a package for each dimension of the star schema
4a Draw a dependency from the fact package to each one of the dimension packages

Never draw a dependency from a dimension package to a lact package
Do not define a dimension twice: il a dimension has been previously defined. import it
Draw a dependency between dimension packages in order to indicate that the dimensions share hierarchy levels
In a dimension package. draw a class for the dimension class (only one in a dimension package) and a class for

.
=3
P N N N N

every classification hierarchy level (the base classes)
In a fact package. draw a class for the fact class (only one in a fact package) and import the dimension classes

8 3
with their corresponding hierarchy levels

9 3 In a dimension package, if a dependency from the current package has been defined at level 2, import the
corresponding shared hierarchy levels

10 3 In a dimension package. when importing hierarchy levels from another package, it is not necessary

to import all the levels

Design guidelines A = |

R

Level 1 Level 2 Level 3
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

= Main stereotypes of the first extension (based on UML 1.5)

Package Stereotypes Class Stereotypes

StarPackage Fact
(Level 1) (Level 3)

z
FactPackage iy Dimension
(Level 2) X (Level 3)
DimensionPackage ‘;“ Base

(Level 2) L (Level 3)
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UP (Method). UML profile for MD modeling

i Overall Method based on the UML

= Proposal based on the UML 2.0 (okeos)
e
—-“"::""'

—— =
=

i i

g

| et |

I
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UP (Method). UML profile for MD modeling

i Overall Method based on the UML

Model definition (Level 1)

<<StarPackage>>
StarPackagel StarPackage1™
% e o
\ | 7SwrPackage Aux StarPackage1-2
b v
StarPackage2 StarPackage2
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

Model definition (Level 1): Different representations
<<StarPackage>>

commaon dimensions

StarPackage2 and
SlarPackaged share some

StarPackage? and [
StarPackage3 share some
commaon dimensions >
7
— - <
- o D ————
StarF‘ackageé e — —— ] SiarF'ackage:i
StarPackage2 StarPackage3
~ S
¥ N e
SlalPadiag;n %
StarPackage1
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

Model definition (Level 1)

<<StarPackage>>

R

Productionschema  Sales schema Salesmen schema
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

Star Schema definition (level 2)
<<FactPackage>>, <<DimensionPackage>>
° ’ D

Prodictionschema \Sales schema / Salesmen schema

Times dimension

NN
Stores dimension
\ /

=5

/ Sales fact \
’d ~N
Products dimension Customers dimension
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

Customers dim
1

Fact/Dimension definition (level 3)
<<Fact>>, <<Dimension>>, <<Base>>

1

Customers

T 7
Stores dlmensmn\ /ﬂmes dimension +child
0.n
@ +parent/ |
/ Sales fact \ —
< . e B
‘

0..n
+child

+parent

TN +chi|d
B o
\ | Cities
ema 1

Production schema
States
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Overall Method based on the UI\/IL

UML profile for MD modeling

,x .

1
Dirnengicnl 3
o DimartionPackagpe! 3]

DegenoratoFact!
h o
FAnmrbwel ¥

= Level 3: Content
of facts and

1

Dimansion,1 Dimansion1 2
(e DumarmionPaskagal 1] (o DemansicePachage! 2}

1.1
ham DimernionPackaget 1) DAwDutel
D Amributn!
D amibutes
DAAmibuted
Baset 2 Base1.13 .
oEE o 1 o BIEE
D Atribut D Amibute

Dazriutel

o

et ] g
D Aminutet DAibutet — m‘l’“ y
DAmributel
EDA’08. Toulouse. June 08. - 45
Juan C. Trujillo. Jtrujillo@dlsi.ua.es K

Overall Method based on the UML

UML profile for MD modeling e LA

1 -
Dimangicel 3 " Dimensicnt &
(o CumeraaonPackage! 3}

= Level 3: Content Y |

o
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dimensions e g m =
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Overall Method based on the UML

UML profile for MD modeling

= Level 3: Content
of fact and
dimensions

= Attributes
= FA
« DD
= OID
« D
= DA
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Overall Method based on the UML

UML profile for MD modeling

= Level 3: Content
of fact and
dimensions

= Degenerated
dimensions
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UML profile for MD modeling

= Level 3: Content
of fact and
dimensions

= Degenerated
facts

Overall Method based on the UML
1
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UML profile for MD modeling
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Overall Method based on the UML

= Level 3: Classification hierarchies

Z

D1

+d B N +d
<<Rolls-upTo>> <<Rolls-upTa>>
. +r
B2 g 9/ g3
<<Rolls-upTo=> 40 «<Rolls-upTo>>
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Overall Method based on the UML

UP (Method). UML profile for MD modeling

<<DWCS>> <<BM>>
Data warehouse| Accounting

o o g o
Production schema Sales schema Salesmen schema Sales schema

(from Data warehouse)
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Overall Method based on the UML

Based on the Unified Process (UP)

= Implementation
= Build of physical structures of the DW
= Method:
= Logical and physical schema
= Class diagram
= Component diagram
= Deployment diagram
= Client Logical and physical schema
= Class diagram
= Component diagram
= Deployment diagram
ETL processes > Class diagram
Exportation -> Class diagram
= Transport - Deploymenyt diagram
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Overall Method based on the UML

Based on the Unified Process (UP)

Data Warehouse
Storage Schema
(DWSS)
EDA'(:ix . 53
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Overall Method based on the UML

Based on the Unified Process (UP)

Source (S) integration Data Warehouse (DW)  Customization Client (C)
{OLTP, external data, ... (OLAP, data mining, ...}

Conceplual 5CS : DM : DowWes oM ccs
Class diagram i Classdiagram ! Class diagram Class diagram + Class diagram
Standard UML + Data Mapping Profile | Slandard UM~ ; Datz Mapping Frofile i Standad LML !
[P=cbiin. 4 i ool Malidimensional Profe | § Wlbcimensional Pofe |
Logical LS  ETL Process | DWLS i Exporing Process cLs
Class diagram : Class diagram | Class diagram : Class diagram Class diagram
Different data modeling i ETL Profile | Ditferent data modeiing t ETL Profile Different data modeling
profiles Tt profiles T profiles
: SPS
Physical | oo & depioy. dagrams
Database Deployment Profile

LEGEND: C8: Conceptual Schema, LS: Logical Schema, PS: Physical Schema, Comp. & deploy: Component and deployment
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Overall Method based on the UML

Based on the Unified Process (UP)

» Data Warehouse Storage Schema (DWSS)

» Specification depending on the implementation
(RDMS, ORDBMS, MD, ...) - Similar to ODS

= Two possibilities: manual o automatic

= Advantages:

= Treacability from the conceptual to physical model

= Reduce development costs as implementation details are
covered in the early stages of a DW project

= Different levels of abstraction

= Scientific production
= DOLAP'04, JDM'06 (Lujan-Mora, Truijillo)
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Overall Method based on the UML

Based on the Unified Process (UP). Physical design

= Implementation decisions:
= Storing of different disks
= Replication
= Vertical and horizontal partitioning
= Influence the final mantenability and performance

= Solution:
= To cover physical design since the early stages of
the development
= Allow designers to anticipate decisions of the physical
design
= Reduce development time and costs
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Based on the Unified Process (UP). Physical design

$ Overall Method based on the UML

Data Waref C ptual Sch Data Warehouse Logical Schema Data Warehouse Physical Schema

Star
Level 1 % schema

* . Dimension package - \
e omponen

4 i
_ Factpackage L e -

Level 2

Dimension
class

Deployment

‘/- . diagram

Level 3

Hierarchy level
class
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Overall Method based on the UML

Based on the Unified Process (UP). Physical design

= Extended Component and deployment
diagrams

» Database Deployment Profile
» <<Database>>, <<Tablespace>>,
<<Table>>, etc._
Diagrams

= Source Physical Schema
Component .
and = Data Warehouse Physical Schema

Deployment Diagrams|= Client Physical Schema

Deployment | ® Integration Transportation Diagram
Diagrams = Customization Transportation Diagram
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Overall Method based on the UML

Based on the Unified Process (UP). Physical design. Example

= Example:

= DW with the daily sales of vehicles (cars
and trucks)

= Dimensions: vehicle, client, Store,
salesman, time
= Two data sources
= Sales server: transactions and sales
= CRM server: clients
= Different user requirements :
= MacOS y Windows
= web and desktop interfaces
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Overall Method based on the UML

Based on the Unified Process (UP). Physical design. Example
DWLS

Data Warehouse Physical Schema:

ROUAP

component diagram

<<Databases> 1 t'
e AutoSales am
-
L. '__‘» . “
<<Tablespaces» <<Tablespaces=
] Facts [~ Dimensions
—] 3
PP
I et
i ’_.~" ".‘ i “.\ *“-..__“
<cresides> | <:(eside>>,_”"<desidg;“; <<resider> <cresi&éy? “‘ﬁl&§id >
W s e W ) hCFY
<<Table>> <<Table>> <<Tables> <<Tables> <<Table>> <<Tables=>
Auto-sales Auto Customer Dealership Salesperson e
(from ROLAP) (from ROLAP) || (from ROLAP) || (from ROLAP) || (from FtOLAP {from ROLAF) _b
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Overall Method based on the UML

Based on the Unified Process (UP). Physical design. Example

Data Warehouse Physical Schema:
deployment diagram

<<Servers»

DWServer
{05 =Linux, SW=Oracle 9i, 8
CPU=PIV 3GHz Mem=-4GB} processors
I Page size = 2 GB
<<Databages= .
L— AutoSales Buffor size = 2 GB
]
! =<InternalBus>> e It
<<Digk>> <<Digk=> <<Digk»>
Disk2 Digk3
{Size=20GB, Stripe~64KB} {Size=20GB, Stripe~64KB) {Size=20GB, Stripe«-64KB}
. -

RAID 0 System

oo
Ll

Disk1

. - "";'c s <=Tablespaces>
Tty epioy Eg Dimensions
==Tablespaces>>
- Facts
]
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Overall Method based on the UML

Based on the Unified Process (UP).

Business
Model
(BM)

EDA'08. To

o (f ER - 62
jjillo@dlsi.ua.es 15-“‘




Based on the Unified Process (UP).

i Overall Method based on the UML

» Business Model (BM)

= Adapt the DW to the different users:
= Easier to understand
= Including security aspects

= UML importing mechanim-> Different
sub-models from the DWCS
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Based on the Unified Process (UP). ETL process design

i Overall Method based on the UML

Data Warehouse
Conceptual Schema
(owes)

************

ETL
Process

.

Operational Data
Schema
(ODS)
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Overall Method based on the UML

Based on the Unified Process (UP).

Source (S) Integration Data Warehouse (DW)  Customization Client (C)
(OLTP, external data, ...) (OLAP, data mining, ...}
Conceplual SCS DM i DWCS DM ccs
Class diagram Class diagram Class diagram Class diagram Class diagram
Standard UML Data Mapoing Profile | Standard UML Data Mapping Frofile Standard UML
Boovscbii ot Albbemdt dimensional Prof | § Muttidimensions! Profle
Logical sis [ ETU Process | pwLs { Exporling Process cLs
g Class diagram : Class diagram | Class diagram : Class diagram Class diagram
Different data modeling i ETL Profile | Ditferent data modeiing t ETL Profile Different data modeling
Physical g SPS Transportation Diagram owPs Transportation Diagram CPs
| Comp. & deploy. diagrams Deployment diagram Comp. & deploy. diagrams Deployment diagram Comp. & deploy. diagrams
| Database Deployment Frofile || Database Deployment Profite i} Database Deployment Profile |; Database Deployment Profile ;! Database Deplayment Profilz

LEGEND: C8: Conceptual Schema, LS: Logical Schema, PS: Physical Schema, Comp. & deploy: Component and deployment
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design

Extraction-Transformation-Loading

Mapping between ODS y DWCS

Proposal:

» Conceptual: data mapping diagrams

» Logical: UML Profile for Modeling ETL Processes
Common transformation pallette:

Integrating different data sources
Trasnformations

Generation of surrogate keys
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design

= Conceptual level

« Data Mapping Diagram (DMD) to represent
attribute transformations at the conceptual
level

= Logical level

= ETL proceses modeling
Basic and complete operations
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design

= Different levels of the Data Mapping Diagram (DMD)
= At the conceptual level

;e N e T T E e -
i L -
] ! 1 v | sourcet ] Dimi |
! [ (from SCS) {rom DWCS)| |
A
DWCS | Mapping 1 |0 - Step 1 Step 2 N !
1 el JI -1 K :
' ]
T & koY ! :
—! . —1 [ s v\ interr H H
1 ] : : r " ' 1 :
: o AN 3 :
Data Mapping | mapping2 | | s _‘/ L o
-t i TTLrTTTTTTTT |y Level 2
T " ! s N eve
! === meTTTmTTmmmTeTTTTTEEES --
1 N [ ~
— ! \ — i Sourcel. ntermediate H
* \ e Attribute1 Attribute1 i
. I ourcel \ntarmedi '
scs ‘-‘ Mapping 3 | | | | (from SCS) Sourcel  Pre—— termediate E
| .
| /i Attribute2 H Attribute2 | H
N e ’! S T T T e -
Level 0 Level 1 Level 3
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design

= Summary: More detail in ER'04 (Lujan-Mora, Trujillo, Vassiliadis)

=<httributess
FteredOrders order_id

Computes the
=<Containe: PEr—— quarterly sakes for
FilteredOrders.cust_id each product
<<Contains:
- -~
<<intermediatex <<Conain=: <<Attibules> | coMapss <ehttributess
FiltrodOrdiors - FilteredOrders.date - ComputerSales quarter
(hom Saies mazeing 1) g, <eContainss . 1 <<Containss

-
<c<Atiributes: ccMaps> <<htiributes> <<Containss ComputerSales
FilteredOrders prod_id - Com,; -

jputerSales. prod_id iom Computer sales DW)
<eContainzs i 1
-~
These attributes will .
be used 10 join bath Attrib M <<Contains
ot FileredOrders.quaniity 7 ComputsrSales sales
<<Atiributess <<Attributes> sales = SUM{quantity * price)

Products prod_name || Products category or
<<Maps> sales = SUMiquantity) * price

Attt

Products prod_id <<Comainss <<Containes
1
<<Containzs= LI
roducts <<Containss <<Allibules>
{Iverm OLTP systom) " Products. price
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design

= Logical level: stereotypes for operations

§+—> Aggregation mﬁ B Loader
A—B Conversion =0 Log
1 Filter “3@® Merge
=111 Incorrect 123—  Surrogate
;'3m Join = \Wrapper
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Overall Method based on the UML

Based on the Unified Process (UP). ETL process design. Example

LeftJoin(Storage = IdStorage)
Name = Products.Name

ﬁ StName = [Storage conditions].Name
StDescription = [Storage conditions]. Description

Storage conditions 7
(from Sales data)
- ldStorage N / ‘ Y
- Name %
- Desctiption v
\ / Products dim
1 (from Products dimension)

ﬁ< —m}m<—A%B%£@—>

Products NewClass2 ProdEuro ProdLoader ProdDescription
(from Sales data) - \
(from Products dimension)
ldProduct - Id’F\"roduct

- Name ) Pa_me

- Price -F ”CiT

- Family : St?\lmarrzle Price = DollarToEuro(Price) ﬁ

- Storage - StDescription
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Overall Method based on the UML

Based on the Unified Process (UP).

Data Warehouse
Conceptual Schema
(DWCS)

Exportation

WCess

Data Warehouse
Storage Schema
(DWSS)

72
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Based on the Unified Process (UP).

$ Overall Method based on the UML

» Exportation Process
= Mapping between DWCS and DWSS
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Based on the Unified Process (UP).

$ Overall Method based on the UML

m [est:
= No new diagrams

s Maintenance:
= Come back to a new iteration > Requirments
= It affects all diagrams
» Post-development review.
= It is not part of the development efort
= It helps improving future projects
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i Outline

MDA: Model Driven Architecture

Data Warehouse Quality

Other issues: Security and Data Mining
CASE tools

Conclusions and further works
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i Outline

MDA: Model Driven Architecture

Data Warehouse Quality

Other issues: Security and Data Mining
CASE tools

Conclusions and further works
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i MDA: Model Driven Architecture

T <> 5 {:‘J\J
u.u Opq
Xyz

R (3

Uvw

]
Dof
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T

MDA: Model Driven Architecture

Transforming facts into tables

[name = fn, attibutes = atts, asscoiations = ass)

tn = pew Table()
ta.nnme « £

mapping FactTo
: domain |

(Fact) [name = fn, attibutes
1

ble |

atts, associations = ass)
body |

cotl ta - new Table()
ta.name = fn

.columns - atts-

Jkeys = atts

iterate(a cols=|] | cols » FactAttributeToColumn{a))
.foreignKeys

‘forAll(a keys = || | keys + DDToKey(a))
ass->forAll{a fkeys = |} | fkeys + AggregationToForeignKey(a) ]
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* MDA: Model Driven Architecture

= MDA framework

DATA SOURCES
PIM

ION APPLICATION
CODE
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* MDA: Model Driven Architecture

= MDA framework
A

Hybrid D P ol L oo modelado mulidmensions

\ 4
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$ Outline

Data Warehouse Quality

Other issues: Security and Data Mining
CASE tools

Conclusions and further works
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$ Outline

Data Warehouse Quality

Other issues: Security and Data Mining
CASE tools

Conclusions and further works
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Data Warehouse Quality

Quality Risks

Front-end

Monitoring & Administration

Data Sources Quality I ] DW Qualit
Metadata O¥‘AP
ETL processes e
Repository Servers

quality
Data Warehouse ' Queries/Reports

(> lalk

Data Mining

External sources Extraction

Transformation

Operational DB’s

Loading

Data Sources

Data Marts Analysis
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Data Warehouse Quality

Model Metrics

= Quality in DWs INFORMATION QUALITY
= Together with
the Alarcos
Research Group
in the UCLM DATA WAREHOUSE PRESENTATION

QUALITY QUALITY

DBMS QUAISE‘IYAOF DATA
QUALITY UALITY
SCHEMA Q

QUALITY OF THE| |QUALITY OF THE
LOGICAL PHYSICAL
SCHEMA SCHEMA

QUALITY OF THE
CONCEPTUAL
~ SCHEMA
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Model Metrics

i Data Warehouse Quality

= In the last years,
= Different conceptual modeling approaches (see Int.)
= Different authors have proposed interesting
recommendations for achieving a “good” DW data
model
= However, quality criteria are not enough on their
own to ensure quality in practice

= There is a lack of more objective indicators
(measures) to guide the designer

EDA'08. Toulouse. June 08.
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Model Metrics

i Data Warehouse Quality

= Aim: To replace the intuitive notions of
guality by quantitive and formal measures to
reduce the subjectivity and slant in the
evaluation

= In doing a data modeling task progressing
from an artisan activity to an engineering
discipline, desirable quality in data schema
must be explicit (Lindland et al., 1994).
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Data Warehouse Quality

Model Metrics

= A measure is a way to measure a quality factor in a
consistent, explicit and objective way.

= Measures for data warehouse schemas
= The Data Warehouse Quality (DWQ, Jarke y Vassiliou, 1997)
= Measures for data quality (not for models)
= Freshness, Consistency, Accuracy y Completeness

= Si-Said y Prat (2003)
= Conceptual schemas
= Measure Simplicity and Analizability
= Neither theoretical nor empirical validation
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Data Warehouse Quality

Model Metrics

= Other metrics for OO conceptual models:

= Chidamber and Kemerer (1991; 1994)
= Li and Henry (1993)

= Brito e Abreu and Carapuca (1994)

= Lorenz and Kidd (1994)

= Briand et al.”s (1997)

= Marchesi (1998)

= Harrison et al. (1998)

= Banisya et al. (1999)
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Data Warehouse Quality

Model metrics. Method

Alarcos Research
Group in the UCLM

(Leader: M. Piattini)
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Model Metrics: Method

* Data Warehouse Quality

= The final aim of our work is to define a set
of product metrics to assure the data
warehouse quality.

= We focus on the conceptual model
complexity that affects understandability

EDA'08. Toulouse. June 08.
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Data Warehouse Quality

Model Metrics.

= Hypothesis

External Quality Attributes

Funcionability Reliability
affects
affects . Understandability | affect
Structural Cognitive Analizabilty Maintainability || ~ Usability
Complexity Complexity Modifiability
indicate . -
Efficiency Portability

Relationship between structural properties, cognitive complexity,
understandability and external quality attributes
(Briand et al., 1999)
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Data Warehouse Quality

Model Metrics.

= UML profile for MD modeling developed in U. Alicante
= Last version. DKE 2006
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Data Warehouse Quality

Model Metrics. Measures for MD conceptual Models.

i %
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Model Metrics. Metrics for MD conceptual Models. Class metrics
Sales
. OID ticket_number
. FA
NA: Number of attributes FAbe
FAinventory
]
Product sore - "
OID time_code gl,?a',],:zduc"wue 55 S0 code
oagy A color DA adress
3: ;':;i':fmbe, o \i:::g " DA telephone
B
Month Category City
OID month_code OID category_gode _l—] OID city_code
Dname D name uj Dname Q ]
j'_r DA population
Quarter Semester Department Counts
OID quarter_code OID semester_code | |OID t code ountry
D description iptic ylame OID country_code
D name
DA population
Year
OID year_code
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Sales

NR: Number of Relationships  [zxa """

FA price
FA inventory 3
1

Data Warehouse Quality

Model Metrics. Metrics for MD conceptual Models. Class metrics

Product Store

0OID time_code
D day

OID store_code
D name

g 2 DA address
DA ssize DA telephone

DA qty
DA working
DA day_number

2

Year
0ID year_code

EDA'08. Toulouse. June 08. D description
Juan C. Truijillo. Jtrujillo@dlsi.ua.es 2 /g;

DA weight
Month B Category City
0ID month_code 0ID category_gode OID city_code
Dname D name D name
j'_r’s DA population
Quarter Semester Department
Country

OID quarter_code OID semester_code oI t_code
D description p |10 pame OID country_code

1 D name

2 2 DA population 1

95

Model Metrics. Theoretical validation

Theoretical Validation

et al., IEEE TOSE, 96)

= All the measures are in the ratio scale
= The Zuse framework is not suitable

s For further read on our theoretical validation

(OSSE 2004), ISOFT’2007
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Data Warehouse Quality

= Measures have been theoretically validated by using:
= The DISTANCE formal framework (Poels y Dedene, 2000)
= Property-based software engineering measurement (Briand

= Serrano, M., Calero, C., Truijillo, J., Lujan, S. and Piattini, M.




Data Warehouse Quality

Model Metrics. Empirical Validation.

Empirical Validation
Goal definition

To analyze the metrics for datawarehouse conceptual models
for the purpose of evaluating if they can be used as useful mechanisms
with respect of the datawarehouse maintainability

from the point of view of  [designer

In the context of profesionals

= For further read on Empirical validation

= Serrano, M., Calero, C., Trujillo, J., Lujan, S. and Piattini, M. (CA/SE,
2004, ISOFT 2007)

EDA’08. Toulouse. June 08. éi 97
Juan C. Trujillo. Jtrujillo@dlsi.ua.es

i Outline

Other issues: Security and Data Mining
CASE tools
Conclusions and further works
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Other issues: Security

= Data Warehouses
= Very powerful Mechanism to discover crucial information

= The survival of the organizations depends on the correct
management, security and confidentiality of the information

= Majority of methodologies that incorporate security are based
on OLTP and not OLAP

= Laws of protection of data

= Itis important to protect the Data stores
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i Other issues: Security

= The protection of Data Warehouses is a serious
requirement that must be considered in all the
stages of life-cycle.

= Currently, there exist

= Methodologies to design DWs, but...
= They do not consider security aspects in their stages.

= Proposals to integrate security in the development of
DWs, but ...

= Neither in all design stages, nor in the MD modeling

EDA’08. Toulouse. June 08. 3 100
Juan C. Trujillo. Jtrujillo@dlsi.ua.es




i Other issues: Security

= To create a profile for MD modeling at the conceptual
level:

= Classifying (using multi-level security) information and users
following our ACA (Acess Control and Audit) model

= Specify constraints, authorization and adit rules

= To implement safe secure MD models with commerical DBMS
such as universal OLS (Oracle Label Security) and DB2 Database
(UDB).
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i Other issues: Security

= The aim of this profile in to represent in the
same conceptual modeling approach for DWs:
= MD modeling
= Acess Control and Audit (ACA) Model
= Confidentiality Information

= Authorization Rules
= Audit Rules

= Further read:
« ER'04, JISBD’'04, DSS'06, WOSIS'05, JIRP, 1S'07, EJIS'07,...
= (Ferrandez-Medina, Trujillo, Villarroel, Piattini)
Together with Alarcos Research Group of UCLM
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i Other issues: Security

= SIAR1

= For each instance of the Admission fact class, if the
description of the diagnosis group is specially sensible
(cancer or AIDS), then its security level will be High
Secret, otherwise will be Secret. This is, when we
include Diagnosis in a query, Diagnosis Group and
Patient.

= OBJECTS CL Admission INVCLASSES CL Diagnosis AND CL
Diagnosis_Group AND CL Patient COND IF
self.Diagnosis.Group_Diagnos.description="cancer” or
self.Diagnosis.Group_Diagnos.description =“SIDA” THEN SL
topSecret ELSE SL Secret ENDIF
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1

{involvedClasses = (Diagnosis , Diagnosis_group & Patient)}

<<UserProfile>>
UserProfile

% userCode

self.SL = (If self.Diagnosis.Diagnosis_group.description =

5 name
H securityLevel
% securityRoles

“cancer" or self.Diagnosis. Diagnosis_group.description= "AIDS"
then TS else S ) n

; citizenship

R hospital | 2 N
> workingArea | {involvedClasses= (Patient)}
dateContract self.SL = (if self.cost>10000 then TS
| else S)
| ——
Adml%lon {SL=S; SR=Health, Admb
3 N
4 & type . {logType = fru d pts}
{involvedClasses= (Diagnosis, | cost {SR = Admin} {loginfo = subjectld, objectiD,
Diagnosis_group & Patient} — time}
Self.SR = {Health} 7
{exceptSign = -} 0.% 0.*
{exceptCond = (self.diagnosis.healthArea
<> userProfile.workingArea)}
1 1
Diagnosis {SL=S; SR=Health} ", Patient {SL=S; SR=Health, Admin} ", 5 N
{exceptSign = +}
& (OID) coc!el_)\agnosis & (OID) ssn | {exceptCond = (self.name =
G ED) Idﬁscrlptlon & (D) name UserProfile.name)}
g Vzl‘"i‘d":gﬁa < dateOfBirth
@ validTo < address {SR = Admin}
1. 1.
1
1 i -
ciy{st=c} B
B & (0ID) code
Diagnosis_group {SL=C} ¢ {D} name
% (OID) code & population
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Other issues: Data Mining

Weaknesses
= Assgciation Rule mining
» Usually several sources

* No integrated data
* No data structure
» The overall vision is lost

lle

= Data warehouses as a framework
= Multidimensional analysis

= Easily represent business data

= Widely known (star-schema)

= Focus on main DW concepts
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i Other issues: Data Mining

= AR look for relationships in an entity
= The Case

= Input attributes— Predict attributes

Settings
| Results
In_put > —_—
attributes
Predict
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i Other issues: Data Mining

= In the profile, we propose DAWAK'05-07
= 18 new tagged values DKE'06 _
= Tagged values for the Model (1) ISOFT(submitted)
= Tagged values for Classes (3) Other techniques
= Tagged values for Instances (3) Time Series
= Tagged values for Attributes (3) Clustering

= Tagged values for the Constraints (8)
= 3 well-formedness rules
= About Case tagged value
= About Input and Predict attributes
= About categorization of continuous values

Classification
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i Other issues: Data Mining
= It allows us to design all type of AR
= Single level or multiple level AR
= Single and multidimensional rules
= Single and multiple predicates rules
= Hybrid and inter dimension AR
108
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Other issues: Data Mining
Advantages

The tagged values allow us to design AR
rules in a MD model

Use attribute from MD model

|
= Put constraints over a MD model as Notes
= Easy to model AR

= Easy to see the structure of AR
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Other issues: Data Mining

i Rule 1 _
<<0I0> ticket_num Case = Sales.ticket_num
- -
R e _ -~ | Input = Subcategory.Description
- - Predict = Subcategory.Description
T MinSupp = 0.05
1 H =
__[L.n | 1] MinConf = 0.80
=<Dimension==» <<Dimension== <<Dimansion== ==Dimenslon==
Product Time Customer Stare
==0ID== Product_Cade ==0I1D=> day_code ==0ID=> Customer_ID =<0|D== Store_code
=<D== Name <<D== day ==D== Name =<=D== Description
==DA=> color ==Dif== working ==DA=> Phone
<<DA=> English_desc ==DA== day_number ] n
<=DA== Spanish_desc m
1

1 <=<Bages> |
==Baseg=> City
Morith <<0ID>> City_coda
==0|D=> Subcat_coge ==0I0=> Month_code =<D== Mame
==D== Description ==D=>= Description -
T T
4
1 1 ==Base=>
==Baser> <=Base=> Prawince
Cateoory Cuartay ==0|D=> Province_code
<=0ID=> Category_code <=<0I1D=> Quarter_code 220> Name
<=D== Name <=D== Dascription m
T
4 1
«=Pase=> «=Pase=>
‘fear State
==0|D== Year_code ==0|D== State_code
==D=> name ==D=> Mame
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Other issues: Data Mining
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i Outline

s CASE tools
s Conclusions and further works
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i Outline

|

|

|

= CASE tools

= Conclusions and further works
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CASE Tools

Propetary CASE Tool
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CASE Tools

Propetary CASE Tool
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Propetary CASE Tool
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CASE Tools

Rational Rose Extension

~ Add-in For

“ Rational Rose
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CASE Tools

Rational Rose Extension

= Rational Rose is one of the most well-known visual
modeling tools

= RR is extensible by means of add-ins through the

Rose Extensibility Interface:

= Main menu items

= Stereotypes

= Properties (fagged values)

= Data types

= Event handling
= Scripts
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CASE Tools

Rational Rose Extension

= Our add-in customizes:
= Stereotypes > Stereotype configuration file
= Properties - Property configuration file

= Constraints
= Rose Extensibility Interface (REI) does not allow us to
specify OCL constraints in a straight way
= A new menu option: MD Validate in the file Menu
configuration

It runs a Rose script to validate the MD model cheking all
the defined constraints
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CASE Tools

Rational Rose Extension
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Rational Rose Extension
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CASE Tools

Rational Rose Extension
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CASE Tools

Rational Rose Extension. Final implementation in commercial tool.
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CASE Tools

Rational Rose Extension. Final implementation in commercial tool.
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CASE Tools

Plugg-in in the Eclipse Platform.
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CASE Tools

Plugg-in in the Eclipse Platform.
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* Outline

= Introduction
s Overall Method based on the UML
s MDA: Model Driven Architecture
s Data Warehouse Quality
m Other issues: Security and Data Mining
s CASE tools
= Conclusions and further works
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$ Outline

s Conclusions and further works
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$ Conclusions

= An overall method based on the UML and UP
for modeling various aspects of DWs
= Requirement analysis

= Profiles
= MD modeling of the DW repository
Stereotypes, constraints and tagged values
= All relevant properties at the conceptual level
= Object Constraint Language (OCL)
Avoid arbotrary use of the new elements

= Conceptual design of physical aspects
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i Conclusions

= Some Scientific production:
= DOLAP’05, Rebnita’05, RIGIM'07 - Requirements
« ER'02, UML'02, JISBD’'02, ER'04 — ER'07
= |EEE Computer 2001, JDM’04, JDM’'06, DKE'06
« JDM'04, JDM'06, JCIS'07, etc > MD profile
ER’03 (Trujillo, Lujan-Mora), > ETL
ER’04 (Lujan-Mora, Trujillo, Vassiliadis) > ETL
DOLAP'04, JDM’06 (Lujan-Mora, Truijillo) > UP, MD

= In total > more than 90 (see DB&LP). Downlable.
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i Conclusions

= Quality of MD conceptual models
= Set of metrics applied to the MD UML profile

= To help us choose the best conceptual schema
= Based on the understandability

= Scientific production:
= CAISE'03, SAM’'03, QSE'03, DAWAK’05, QUOSE'05...
(Serrano, Calero, Trujillo, Lujan-Mora, Piattini)
Together with Alarcos Research Group of UCLM
ISOFT'07
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i Conclusions

= Access Control and Audit Model (ACA)
= Integrate UML profile for MD modeling and the ACA Model

= Basic aspects of the ACA Model:

= Classification of the information and users to control the non-
authorised access by users

= Authorisation rules
= Audit rules

= Scientific production:

= ER'04, JISBD'04, DSS'06, WOSIS’'05, JIRP, 1S’07, EJIS'07, C&SI
= (Ferrandez-Medina, Trujillo, Villarroel, Piattini)
= Together with Alarcos Research Group of UCLM
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Conclusions

Future works

u (1) Method
= Unified Process - Model Driven Architecture (MDA)
= DOLAP'05, DSS'07, DKE'07

. SetdofI QVT Transformations for formal transformation between
models

= (2) Requirement engineering
= Modeling goals and business context for DWs and to obtain
the MD modeling

= (3) Metrics for Models for DWs (with ALARCOS)
= Complete set of metrics
= Quality Indicators to coherently group metric definitions
= Metric treacability from conceptual to logical level
= Metrics thresholds
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Conclusions

Future works

= (4) Metrics for ETL processes
= Applying process metrics to ETL processes

= (5) Data Mining and Data warehouses
= Currently, integrating more DM techniques, not only
association rules

= UML profile including MD modeling and several DM
techniques

= (6) Security
= Treacability of the ACA model and the adaptation to
MDA
= Definition of QVT transformations for secure rules
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Conclusions

Future works

= (7) Security in OLAP tools
= Considering inference

= (8) Visualization and personalization for
specific and advaced Data Warehouses

= (9) Geografic Data warehouses
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