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@ FedDW Approach
@ General overview of FedDW
@ Integrating heterogeneous multidimensional schemata

Stefan Berger (Univ. Linz) FedDW Global Schema Architect DOLAP — Nov. 2, 2012 3/31



FedDW Approach
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General overview of FedDW

Problem definition; our contribution JKU
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Problem: similar autonomous data marts/DWs,
but heterogeneous schemata and/or data

@ Business collaboration
@ Mergers and acquisitions
= Preexisting DW data across autonomous organizations
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FedDW Approach
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General overview of FedDW

Problem definition; our contribution

Problem: similar autonomous data marts/DWs,
but heterogeneous schemata and/or data

@ Business collaboration
@ Mergers and acquisitions
= Preexisting DW data across autonomous organizations

Contribution: comprehensive tool suite for integration of
autonomous data marts/DWs

@ Visual integration of multidimensional schemas

@ OLAP front-end prototype, based on SQL-MDi
[Berger and Schrefl, 2006]
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General overview of FedDW

Motivating example

Telecommunications sector—sample, heterogeneous

conceptual data mart schemas:
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product s duration cust omer 1
tn_tel 1
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|
|
1
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General overview of FedDW

Motivating example
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Telecommunications sector—sample, heterogeneous

conceptual data mart schemas:

year month

date

date  gate/hr

connections

products

duration
tn_tel
tn_misc

regular_fee

prod_name

cust oner

customer

p_name

contract_type
base_fee

category

product s

prod_name

date month  quarter year

; dat es

connections custoners

customer
cust_name

dur_min
turnover

onot i on age_grp

promo

contract_type

promo_type base_fee

@ Dimensionality (extra dimension blue.promotion)
@ Hierarchy of date dimensions

@ Decorations of product dimensions

@ Measures of connections facts
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Integrating heterogeneous multidimensional schemata

Conflict classification |

Modeling

Scope
4

g i | Dimension Cube

s Instance Instance

@ 1 |(,Members®) (,Cells®)

£ 1| Conflicts Conflicts
' Schema-
i Instance
! Conflicts

g E Dimension Cube

& Schema Schema

@ | Conflicts Conflicts '
i Model Entity
e >

Dimension Cube
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Integrating heterogeneous multidimensional schemata

Conflict classification Il
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Facts: conflicts

Relevant operator of FedDW

Schema-instance

Dimensionality
Different measures

Domain (measures)
Naming of attributes

Base levels

Merge measures: PIVOT MEASURES (Fact)

Split measures: PIVOT SPLIT MEASURES (Fact)
Choose attributes: add DIM reference (Cube)
Choose measures: add MEASURE reference (Cube)

Convert domain: CONVERT MEASURES APPLY ...
(Measure)

Rename attributes: operator “—> ...”
(Measure, Dimension)

Roll-up dimension attributes: ROLLUP TO LEVEL ...
(Dimension)

Cube cells (fact extensions)

Join cubes: MERGE CUBES (n-ary)
Derive measure values: AGGREGATE MEASURE

(n-ary)

Stefan Berger (Univ. Linz)
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Integrating heterogeneous multidimensional schemata

Conflict classification Il
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Dimensions: conflicts

Relevant operator of FedDW

Hierarchies
Domain (levels / decorations)

Naming (levels)

Map corresponding levels: add level reference
[...] (Dimension)

Convert domain: CONVERT ATTRIBUTES APPLY
... (Dimension)

Rename attributes: operator “—> ...” (Level)

Naming (decorations)
Members (dim. extensions)
Roll-up functions

Decoration values

Map decorations: MATCH ATTRIBUTES (under
Merge Dimensions—n-ary)

Merge sets of members: MERGE DIMENSIONS
(n-ary)

Overwrite hierarchies: RELATE Expression (under
Merge Dimensions clause—n-ary)

Correct values: add RENAME function (under
Merge Dimensions clause—n-ary)
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FedDW Global Schema Architect DOLAP — Nov. 2, 2012

8/31



FedDW Approach
[e]e]e] }

Integrating heterogeneous multidimensional schemata

. ¥
Integration workflow JK
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Establish a federation of autonomous data marts:

@ Import data mart schemas (CWM supported)
@ (Optional: enrich roll-up hierarchies
= minimum match integration strategy)
©@ Design global multidimensional schema (canonical model)
© Define semantic mappings — both-as-view paradigm [see
McBrien and Poulovassilis, 2003]

(a) Resolve schema—instance conflicts
(b) Intensional integration — map conceptual schemata

@ Fact tables
@ Dimension tables + hierarchies

(c) Extensional integration — consolidate data
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Tool Support: FedDW Tool Suite

e Tool Support: FedDW Tool Suite
@ FedDW Global Schema Architect
@ FedDW Query Tool
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Tool Support: FedDW Tool Suite

Overview of FedDW tool support |

Java- and Eclipse-based interactive tool suite
(EMF, GMF, UML2)

@ Visual data mart integration:
FedDW Global Schema Architect (GSA)

@ OLAP front-end prototype:
FedDW Query Tool [Berger and Schrefl, 2009]

@ Auxiliary components:
Metadata Dictionary, Dimension Repository
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Overview of FedDW tool support Il J U

Tool Support: FedDW Tool Suite
0000000000000 0000

ANNE
VERSITY

Global Schema @ OLAP
Architect User Query|  Application
(saL)
~ 4
Federated DW J
System Query Tool
Globg SQL-MDi
schem Parser
Maeplngs‘ (SQ[.\—\IVID/) SQL-MDI
+—»  Processor
repesitory

Import Scﬁém§ )

—
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FedDW Global Schema Architect

Overview of FedDW GSA JKU
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Visual design environment for multidimensional schemas
@ Schema Editor — nested UML diagrams
o Import schemas
@ Global schema
@ Mapping Editor — graphical, high-level code editor
(Master—Detail layout)
@ Import mappings: unary operators (Fact, Dimension
entities) — intensional
o Global mappings: n-ary operators — extensional
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FedDW Global Schema Architect

Sample GSA Workflow

@ Import local, autonomous connect ions schemas
© Design global connections schema

© Create import mappings

© Create one global mapping file

@ Export the mappings to metadata repository

© Export fact and dimension metadata
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GSA: Step 1, Import Wizard |

Tool Support: FedDW Tool Suite
0000000000000 000

& File Import Wizard
Import Schema.

Enter talses for importing from a Oracle Datawarshouse

[_[O[x] & File Import Wizard

Impont Schema

Enter talues for importing fr

Enterusername | blue_dw

Password see.

om a M5-5QL Datawarehouse

Enter username:

Password

EnteripAddress | pluto.dke.uniinz. ac at: 1521

[ Red_sdmin

Enter ipAddhess

Enter SID [ cked

[localhost

Enter Schema name | BLUE_DW

Enter or select the parent folder:

Enter servername [DresaLT

Instanz [Redz

Enter or select the parent folder:
[ FedDurstudy [ FedDurstudy
[ [

> FedDWstudy

& G3A_Plugin

= GSA_Proflle

72 18M OCL Parser

5 MobCom_Casestudy

=2 0cL_Dawakas

& OCL_DresdenTest

& OCL_RoyalAndLoyal

122 org.eclipss.enf examples.library

12 org.eclipss enf examples.library st
72 org.eclipse enf examples.library. editor
522 org.eclipss.emf acl.examples. interpreter
;: org eclipse.enf validation.examples.orl

> FedDWstudy

& G3A_Plugin

= GSA_Proflle

72 18M OCL Parser

5 MobCom_Casestudy
=2 0cL_Dawakas

& OCL_DresdenTest

Ny File Name; | blue_dw, import,umi]

@ E

732 org.eclipse emf examples.|

522 org.eclipss.emf acl.examples. interpreter

122 org.ecipss.enf valdation examples.od
3 .

)

< Back

Hext > |[_Esh_|

Ny File Nams: | red2_dw.import,uml

Cancel

)
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FedDW Global Schema Architect

GSA: Step 1, Import Wizard Il

Wizard suggests appropriate UML stereotypes
(based on PK/FK constraints):

& File Import Wizard [_ [T] x]
Change Properties

You can change the properties For importing the Data Warehouse

FACT DIMENSICN HONE

" CUSTOMERS 5 CUSTOMERS " CUSTOMERS
 CATEGORY 5 CATEGORY " CATEGORY
© PRODUCTS = PRODUCTS ¢ PRODUCTS
" DATES = DATES € DATES

" PROMOTIONS &' PROMOTIONS € PROMOTIONS
' COMMECTIONS " CONNECTIONS " CONNECTIONS

Stefan Berger (Univ. Linz) FedDW Global Schema Architect DOLAP — Nov. 2, 2012 16/31
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FedDW Global Schema Architect

GSA: Step 1, Import Wizard llI

Initialized class diagram of red. connections:

4] mpertipE oW |14l [ [ [4) importiiRede £3 ) mportiBlus DW | @) minizglobal, 1 o
i 3
E3Red? T
L. custormer L. ddate 2. products A
packages packages packages w
classifers classtiers classfiers L. oimension
cust_sscode date_r product -
contract_type didate other Ec
other marth 4
s Lk Level
A ether Idertifying
Attrbute L
5 5 on-identifying
Atrbute
7 Dependency
<Fact»
| connections B das
attrinutes = Package
duration : float
tn_tel +float ] Enumeration
tn_msc : float
operations DataType
classes (1 PrimitiveType
{2) Constraint
il rl 5 Associaion |
[21 prablems | @ avadoc ([, Declaration [ [ properties 52 [%. Modsl Brawser | & Model Instance Browser | & Interpreter
£ <<cube> > <Package: Red2
Gofia [ Propert [ olue
= U
Bhlershl 6k Client Dependency
Appearance Name
Template Parameter
visbilty
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Tool Support: FedDW Tool Suite
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GSA: Step 2, Global Schema Editor

Global Schema wizard:
@ Comfortably create
global schema as
copy of one import
schema

@ Edit the schema later
on

Stefan Berger (Univ. Linz)

(=

Multi-page Editor File
Connection successfull

& JKU
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= E3

Container: [ IFedpwstudy

File name: [ myGlobalschema. gsa.uml

Import-Schema: |

Username: | Feddwe_rb

Password: sesessenes

Connection String: | jdbc:oraclesthin:@pluto, dhe uniinz, ac.at: 1521 dket

Database Name: | FEDDW_RE

Browse...
Browse...

st Cannection

@ < Back et > Finish

Cancel
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GSA Schema Editors: edit dimension

Tool Support: FedDW Tool Suite
0000008000000 000

& JKU

0HANN
it

User-friendly editing of UML diagram possible

(context menus, UML palette):

alevek:

aleveb 3
) customer =
:L cust_sscode :L contract_type J-
attributes attributes @
cust_sscode ; biging comtract tyne: varchar Dimension
name : varchar wmxh L
operations Havigate et
]
Casses Ele 1ok Level
Edt Identifying
Delete from Disgram anrbte
Non-identiFying
3 Delete from Madel s
0| Filters » H " Dependency -
[2: Problems | @ Javadec | [, Declaration | = properties &2

= <Property: base_fee : float

Core  |Propert

4. Mode! Brows: [ Show Properties Yiew
Froperties

Create Association to...

El LML
Aggregation
Association
Class
Client Dependency

Stefan Berger (Univ. Linz)

Remoe from Context  ChrltAl+Shift+Dovn

T <<levels> <Class> cortract_Fype
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FedDW Global Schema Architect

GSA: Step 3, Import Mappings |

Recall the heterogeneities among red and global:

year month date gate/pr

date  month year

; dates

connections -
O'categon/ connections customers
So duratjon customer -
s n tel dur_min customer
produc h n_misc customer turnover . e

product p_name

prod_name contract_type contract_type

base_fee

base_fee prod_name
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FedDW Global Schema Architect

GSA: Step 3, Import Mappings |I & KU

Repair red. connections import schema:
@ Dimensionality: add references to all three dimensions
@ Date hierarchy: roll-up to LEVEL [date]

@ Product decorations:
delete regular_fee from Red’s import schema

® Measures (schema—instance conflict):
PIVOT MEASURES tn _tel, tn_misc
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FedDW Global Schema Architect

Import Mappings: dimensionality

Tool Support: FedDW Tool Suite
0000000008000 0000

Mapping file

Dimensions
List of available Dimensions

revenuesGlabal.gsa. uml & Import Mapping Editor 53

- & Import Mapping Editor

2% Global Mepping Edtor |

=0

) dwt

1, date

Tt date_tr

Lt date

Tk month

T year

17, customer

Tk customer

& contract_type

1#, products

Lt product

| connections
duration
tn_tel
tn_misc

Details of Cube

[hor ver

o are currently edting Cube dwi

CUEE dw1: sconnections AS redCube
(MEASURE >, MEASURE

PIVOT MEASLIRES redCube.tn_tel, redCube tn_misc INTO redCube, turnover LISING redk
(ROLLUP redCube.date_hr TO LEVEL redCube. date[date] )

alias

redube

date

Add Dimension Reference | <452
products

duration

Add Measire Reference | -
kn_misc

Felst =, MEASURE <measut

Save

Schema Editar | Code | Preview|

Stefan Berger (Univ. Linz)
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FedDW Global Schema Architect

Import Mappings: hierarchy JKU

nE
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Prerequisite: delete level [date/hr] from red.date
(see Schema Editor, slide 21)

impart::BLUE_DW f import::Redz ( dlobal: :GlobalRE f impart::Blue_DW 2 = Impart Mapping Edito % [mport Mapping Edits. 52 (] =0

Mapping file Thor. ver

Dimensions Details of Dis
List of available Dimensions [Niame of Dimension |
Cired ot date_hr

] connections
duration
tn_tel
tn_misc

L2, custamer

L cust_sseode

L contract _type Referenced Column date_hr

Lz, date h

LE datebr plias 2

L date

L merth Rename

Lk year
12, products Rall up ta LEVEL date
L product

Fiter Levels

Save all

Schema Editor | Code | Previsw |
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Import Mappings: pivot measures

Tool Support: FedDW Tool Suite
00000000000 e0000

“Merge” measures tn_tel, tn_misc into turnover,
extracting values “tn_tel”, “tn_misc” as members of the new

red.category dimension:

Dimensions
List of available Dimensions
dwl
12, date
ek date_r
Tk date
Tk manth
1L year
|, customer
Tk customer
Tk contract_type
1z, products
Tk product
| eornections
duration
tr_tel
try_misc

Stefan Berger (Univ. Linz)

Details of Fact
Name of Fact
Renamne

alias

~ PivotMeasures

tr_tel

1. Add Reference tr_misc
L IMTe redCube. turhover
1. USING

redCube.category

Add Pivat

» Pivot Split Measure

Add PivathMeasure
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FedDW Global Schema Architect

GSA Step 4, Global Mapping | U

PLER
Ling

Merge Dimensions:

[d) mport:BUUE W | |d) mportiRed2 | ) gobaliGobaRs | ) importiRedz | |d) mportBloe DW | 1) dobak:min2Gbal |2 Gobalappng Edko £3 . =8
Mapping file Trar ver

Dimensions
List of avalable Dinensions
Herge Diensions | bi

Dimensions 2 (RELATE r1.cust _sscode, bl customer WHERE r1.cust_sscods=b1 custormer USING HIERARCHY OF r1)
Herge Dinensions 3 (MATCH ATTRIBDTES 1 name 15 bl cust_name)
Herge Dirensions 4
Herge Cubes 1
‘Gobal Cube Alases

Merge Dimensions

Set operatons. unton

cl.customer ASr1
<2 customers AS b1

‘Add Dimension Reference.
INTO (GLOBAL DIMENSION) | < 510m<rS A5 O

»

T

» Relate Expression

» Rename content

.
T
e

Schema Edto [Cods [ revien
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FedDW Global Schema Architect

GSA Step 4, Global Mapping Il
Merge Cubes:

importlUE DW | ] mpertiiRed2 [ Gobal Mapping Edeo £ . =0
Mapping file e
Dimension:

s Merge Cubes

List of availabie Dimensions

Merge Dimersions 1 WERGE CLBES cl, <2 NTO c0 Ot cstomer,prockc, caegory

Merge Dimensions 2 AGGREGATE MEASURE duration I5 SLIM OF dur.

Merge Dimensions & ‘AGCREGATE MEASLIRE tuTover 15 SUM OF rf ey

Mergs Dimensions 4 (MEASURE duration, MEASLIRE turmavwer, DIV category, DI customer, DIM date, DIM pr

|
lobal Cube Aliass

o

Add Cube Reference | ©
-

date
> customer

category
» Prefer Dimension

» Aggregate Measure

» Tracking Saurce As Dimension

add Merge DIMENSIONS | [ Add Merge CUBES

Schema Editor | Cade | Preview |
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FedDW Global Schema Architect

GSA Step 5-6, export project metadata

Step 5: Export mapping file — export wizard
@ Starts generation of SQL-MDi code
@ Static syntax check
@ Interface to FedDW Query Tool: file system
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Tool Support: FedDW Tool Suite
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FedDW Global Schema Architect

GSA Step 5-6, export project metadata

Step 5: Export mapping file — export wizard
@ Starts generation of SQL-MDi code
@ Static syntax check
@ Interface to FedDW Query Tool: file system
Step 6: populate Metadata Dictionary
@ Facts + dimensions conceptual and physical metadata
@ Later accessed by FedDW Query Tool
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FedDW Global Schema Architect

GSA: Summary

Intelligent features:

@ Import heuristics: analyzes PK/FK constraints in import
schemas to suggest adequate UML stereotypes

@ Create global schema as copy of one import schema
@ User-friendly and intuitive UML notation

@ Visual conversion modeling avoids “cheap” SQL-MDi
syntax errors

@ Automatically populates Dimension Repository from the
exported metadata

@ Supports the CWM standard [Poole, 2003]
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Tool Support: FedDW Tool Suite

FedDW Query Tool

Query Tool in a Nutshell

juery Processor [B[=l

CET KHY PrOCESSaF EHESUIE B =

Enter the SQL-MDi-Query: Open OLAP-Query Result:
MERGE DIMENSIONS ¢1.date_hr AS 1, 62 date A 02 INTO o0.date A8 d0 = ‘mm LS o BoRCL e LELIED
MERGE DIMENSIONS ¢1.cust_sseade A 43, €2 cust_sseode AS 04 INTO ORI
i o o108 obCom 2657
(RELATE 03 cust_sscade, dd.customer_id WHERE o3 cust_sscode=dd custamer_jd *a"gﬂe'c“ ;‘991 3
UBING HIERARGHY OF d3) E e
(MATCHATTRIBUTES d3.name 18 d4.cust_name) e L
(CONVERT ATTRIBUTES APPLY Usd2EUr) FOR d4.base_fee DEFAULTY ey
MERGE DIMENSIONS c1 product AS dB, c2.product AS d7 INTO c0 product AS o8 L
(REMAME 06 product > HandyTelCo' WHERE ¢ product HandyTel)
MERGE DIMENSIONS c1.catedony AS 49, c2.categony AS d10 INTO o0 category A3 di 1
MERGE GUBES ¢1, ¢2 INTO £0 ON date, customer, protuct categary

AGGREGATE MEASURE duration IS SUM OF duration, AGGREGATE MEASURE

turnover 15 SUM OF tumaver

(MEASURE duration, MEASURE turnover, DIN date, DIM custormer, DIM product, Ditt

cateony) B

| View the Fact. Tables

Enter the OLAP Query: |_openFite...

SELECT d.month AS Month, p.product AS Product, ROUMD(SUM(S turnovery 2) AS e hE R AR,

Turnover

FROM date d, products p, sales s

WHERE 3.tfate=0 dats AND 5 produtt=p product

GROUP BY o montn, pprodust

ORDER BY turnover DESC;

Ran 0%

Wetadata check started i | Evaluating OLAP query

Guery context check started i Finished evaluating OLAP nuery!

Metatata check sucassiully completec! H Done!

Query context eheck successiully cormpleted!

Stefan Berger (Univ. Linz) FedDW Global Schema Architect DOLAP — Nov. 2, 2012

29/31



FedDW Global Schema Architect

Thanks for your attention!
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