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“The amount of information in the world doubles every 20 months and
the size and number of databases are increasing even faster”

i Data growth rate

Yoalume
of rata

-
1571 1880 1850 2000 “We are drowning in information but starved for knowledge”

John Naisbitt, “Megatrends” (1982)

Small amounts of data will be ever considered by a human

Automatic Knowledge Discovery is badly NEEDED
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e Business intelligence is “the ability to
apprehend the interrelationships of
presented facts in such a way as to guide

action towards a desired goal”

H. P. Luhn
A Business Intelligence System
IBM Journal of Research and Development. Vol. 2(4). 1958
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* Business intelligence is “an umbrella term
that includes the applications, infrastructure
and tools, and best practices that enable
access to and analysis of information to
improve and optimize decisions and

performance”
Gartner Reports, IT Glossary, 2013
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The Definition @ BARCELONATECH

e [Business] Business intelligence is “the process
of collecting business data and turning it into
information that is meaningful and actionable
towards a strategic goal”

e [IT] Business Intelligence is “aimed at gathering,
transforming and summarizing available
business data from available sources to
generate analytical information suitable for
decision-making tasks”

Data Analytics: Reporting, OLAP, data mining,
prediction (what-if analysis), etc.

Data Modeling: Data warehousing and the
multidimensional model
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e [IT] Business Intelligence is “aimed at gathering,
transforming and summarizing available
business data from available sources to
generate analytical information suitable for
decision-making tasks”

Data Modeling: Data warehousing and the
multidimensional model
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* Bl has become a huge industrial and scientific domain and a major
economic driver

e Some numbers:
— In 2014, the overall Bl market value will be $100 billion (the Economist)

— Itis expected to have the largest increment in data management and
analytics, at almost 10% each year, roughly twice as fast as the software
business as a whole.

— The market growth is estimated in $14 billion in 2014, up from $8.8 billion in
2008 (Forrester and the Economist)

— Bl remains unaffected by the economic crisis and it is mentioned among the
top priorities of Chief Information Officers worldwide (ranging from 15t to 5t
according to the source)
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Traditional Vs. Exploratory Bl

Joint work with:
Alberto Abellé (UPC) Torben Bach Pedersen (AAU)
Rafael Berlanga (UJI) Victoria Nebot (UJI)
M.J. Aramburu (UJI)  Alkis Simitsis (HP Labs)
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MD analysis

Querylng

Conulled Data Data Mining
Data Wareh -
SOURCES (s1gia ond Ot Marts END-USER \
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Citiq
S
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1. Requirement Elicitation

> = E

End-Users Designer Requirements
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2. Design and Deployment of the DW and ETL flows

>

ETL Flows DW

Sources
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Lessons Learnt @ ARGELONATEGH

3. Flexible and Dynamic Query Tools

B

MD analysis

End-Users

Data Mining
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New Requirements @ BARGELONATEGH

* From the point of view of the end-user:

— Fresh data

Right-time
Analysis

Ad-hoc
Requirements

09/07/2013 Semantic-Aware Business Intelligence 14



New Requirements @ BARGELONATEGH

* From the point of view of the end-user:

Extraction

Analyze
any source

- Transformation

Load /
Visualization
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Exploratory BI @ it e B

Data Warehouse and Data Marts

_ Forr Y .
: Querying
—— MD amalysic
g < @ g m @ Staging Area Materialized
Data
cf@ Wiz Query Execution ETQ Query Definition Data Mining
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Towards Exploratory Bl i e

Weak
Optimization

BARCELONATECH

4 ETQ

On-demand Bl

Open Bl
Ad-hoc BI

Semantic

Cockpit Data Fusion

Fusion Cubes

Advanced - Live Bt
Optimization Situational Bl
>
ETL
Tightly Coupled Loosely Coupled
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* From the IT point of view:

AMETADATA
\

MACHINE PROCESSABLE

g ISources b
: “l> IMD Schema | =
IETL Flows A

End-user keguirement

SUPERVISION
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Semantic-Aware Formalisms

Joint work with:
Alberto Abellé (UPC) Torben Bach Pedersen (AAU)
Rafael Berlanga (UJI) Victoria Nebot (UJI)
M.J. Aramburu (UJI)  Alkis Simitsis (HP Labs)



Basic Semantic Web Architecture @

Ontology:

OWL(2)

SPARQL
RDF(S)

Data Format: RDF

Source: Sven Groppe. Data Management and
Query Processing in Semantic Web Databases
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e RDF model

—

http://uri-repository/summer-school
P _ ———

http://uri-repository/type

" http://uri-repository/eBIS$2013 )
\\p //uri-repository/e 30

- —_— http://uri-repository/venue B —
Dagstuhl

/'/1/ ‘

e Several serialization formats
— N3, Turtle, RDF/XML, etc.
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Ontologies: RDF () i Bl

e Describe the schema within the same
framework

— Extends RDF to allow triples to be defined over
classes and properties

e Semantics based on type systems
— Classes (rdfs:Class / rdf:type)
— Subclasses (rdfs:subClassOf)
— Typed properties (rdfs:domain / rdfs:range)
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_ Datalog Description Logics
Focus Instances Knowledge
Approach Centralized Decentralized
Reasoning Closed-world Open-world
assumption assumption
Unique name Unique name Non-unique name
assumption assumption
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Description Logics @

TBox (Terminology)

XCYeVZ:Xtcy?
X=YeaXLCYAYLCX

ABox (Assertions)
C(a)
R(a,b)

Source: DL Handbook

09/07/2013 Semantic-Aware Business Intelligence 24



Description Logics @

Woman = Person Female
Man = Person 7 —-Woman
Mother = Woman M dhasChild.Person
Father = Man 1 3hasChild.Person
Parent = Father U Mother
Grandmother = Mother M dhasChild.Parent
MotherWithManyChildren = Mother M = 3 hasChild
MotherWithoutDaughter = Meother 17 ¥hasChild.-Woman
Witfe = Woman M ZhasHusband.Man

Source: DL Handbook
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* Traditional Reasoning Inferences

— Concept satisfiability: Is a concept non-
contradictory?

e Example: Concept correctness

— Subsumption: Is an ontology concept C more
general than another concept D?

 Example: Taxonomies and equivalences

— Query Answering: All asserted instances that
satisfy a concept description

 Example: Arbitrary queries
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Open-World Assumption @

 Something evaluates false only if it
contradicts other information in the ontology

lokaste
hasSon(lokaste,Oedipus)
hasSon(lokaste,Polyneikes) /\
hasSon(Oedipus,Polyneikes)
hasSon(Polyneikes, Thersandros) Oedipus —» Polyneikes
patricide(Oedipus)
patricide(Thersandros) l

Thersandros

Query=3JhasSon.(patricide n FhasSon.—patricide)
ABox E Query(lokaste)?

Source: DL Handbook
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Intersection, equality,
cardinality (0/1), datatypes,
inverse, transitive, symmetric,
hasValue, someValuesFrom,
allValuesFrom

———
—— - -y
- —

Subproperties, domain, range,
subclasses, individuals

Source: Sven Groppe. Data Management and
Query Processing in Semantic Web Databases
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OWL 2 EL: OWL 2 QL: OWL 2 RL:

Based on EL++ Based on DL-Lite Based on Description

Logic programs

Large number of
properties / classes

Captures (most of)
ER and UML Scalable reasoning
expressive power without sacrificing

Reasoning:
Polynomial with
regard to the
ontology TBOX

much expressivity
Reasoning:
Reducible to Reasoning:
LOGSPACE (i.e., DBs) Polynomial with
regard to the size of
the ontology
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A Characterization of Bl Systems

Joint work with:
Alberto Abellé (UPC) Torben Bach Pedersen (AAU)
Rafael Berlanga (UJI) Victoria Nebot (UJI)
M.J. Aramburu (UJI)  Alkis Simitsis (HP Labs)



A Characterization of BI Systems @

Data Warehouse and Data Marts

- ETL

Querying i
——

MD analysis

@ Staging Area

Materialized

et
T o

Z @
— Data
Cf@ Wiz Query Execution ETQ Query Definition W
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Bl Categorization Criteria @

Dynamig . —Eigptweight
Partit in-tolera
Righflt_' e
Uns ruﬁured Streémi g
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SW Categorization Criteria € oo

DN

\ Easy\Medium
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Trends Identified @

e Data Schema Design (Trend 1)

— .
{ o ‘ Dma
= mining
J Algorithms, Semantic :
Data ) MD Annotations  /
Sources I patea™ % \ ~
AN g ‘““,“‘“
- FDs and MD ids discovery
(AN
<@>
09/07/2013 Semantic-Aware Business Intelligence
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UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH
) - FDs
- MD Ids
Ontology
(DW Schema)

Reasoning:

Concept
Satisfiability
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Trends Identified @

e Data Schema Design (Trend Il)

| FDsand MD ids discovery ) T E .

3 / o |
Data e g R e D ‘ \ ‘ ! ﬁ i j‘ L‘ |
& . : |
ources N o Reasoning: iR\ ]
Fds - ' ]
‘ Ontology .
/1 (Domain Schema) 1D DlSCOVGry MD Schema
<@>

UML2DL
UML2Datalog
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 Data Schema Design
Reference | Struct. | Mater. | Trans. | Fresh. | Exten. || Reasoning | Expressiveness | Computation
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Trends Identified @

 Data Schema Design (Trend lll)

______ Semantic Linked Data

(Ontologies) V: LOgiC rules

Functional User
Requirements

&>

(O MD Patterns

4
| o || D2 |
PR
|
b

D3

------ Q: Ad hoc alg.
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Trends Identlfled @ UNIVERSITAT POLITECNICA

 Data Provisioning

-
ETL Design

Ontology 2
{Describing the sources )

So@el B
U M |_ 2D|_ Subsumption > ZH
UML 2Datalog ngi "

MM’FNGSC@
L
%j |<

Data Sources

f—{i-5+{ing

vp
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 Small steps towards exploratory BI
— Far from being mature!
o Expressivity and Computation is correlated (expected!)
— Non-standard reasoning services not considered
 Reasoning at the instance level is prohibitive
— Size matters for data complexity
— Current solutions for ETL yield combined complexity
— Datalog and Ontology-Based Data Access
 Reasoning at the schema level is feasible...
— Combined complexity
... but exploratory systems demand further advances
— Aggregations have been completely overlooked
— LaV Vs. GaV
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 The multidimensional model as a mature
modeling paradigm for exploratory Bl

— Specific ontology languages (RDF Data Cube
Vocabulary)

— Detecting MD expressions

e MD optimization

e Expressiveness Vs. Reasoning Vs. Kind of Queries
— Cloud and parallel computing (TROWL)

e The Web and Data Silos / Data Niches

— Autonomy Vs. Consistency
— Registries (e.g., Freebase, DBPedia)
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A Semantic-Aware Business

Intelligence System

Joint work with:
Alberto Abello (UPC)
Petar Jovanovic (UPC)

Alkis Simitsis (HP Labs)
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e Towards Exploratory Bl:

£1 Quality metrics

Visualization

Reporting

O Data-Mining

ETLnew {CubelD*,

SourcelD* r X
Cube &
e P ] y
Registry _ . P Data

0 L4
> - “ J Source

' . Connector

L (]

ol

“= Ontology | 2 | = LEGEND
g =3 g ~
& 0 ) Tuning User’s inputs / feedback
— Internal data flow

é User interaction
= System module
C) System metadata

MULTIDIMENSIONAL MODEL AND BPMN
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£ Quality metrics

Visualization

Reporting

Data-Mining

[}
)
L4

Connector

LEGEND

i Ontology

Agend) ~ =

User’s inputs / feedback

sanpiqede) |

. Tuning

==l [nternal data flow

6 User interaction
= System module
C) System metadata

47
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£ Quality metrics

Visualization

Reporting

Data-Mining

takings

[}
)
L4

Connector

LEGEND

i Ontology

Agend) ~ =

User’s inputs / feedback

sanpiqede) |

. Tuning

==l [nternal data flow

6 User interaction
= System module
C) System metadata

48
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Up-to-date
sources

Visualization

Reporting

takings

[}
Registry _ . &' ]
’ L4

Connector

LEGEND

= Ontology

Lien) « -
sapiiqede) |

) Tuning User’s inputs / feedback

==l [nternal data flow

@ User interaction
= System module
CJ System metadata
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Up-to-date
sources

. \|Integrated Schema
ORE
J ¥

' Star-schema \ ) : )
t [')Eﬂ Visualization

‘ Refmr‘ting -

Quality metrics

SLAs

Concept T—)

takings

Req.

Data.—Minin
+, ETLuew {CubelD?®, 8 ‘

SourcelD*

. . SourcelD*
Registry __ . Data
*

- Source
Connector

LEGEND

-
Cube

»r
-

ANEND = - 4

- Ontology

sapinqeden, L

) | Tuning User's inputs / feedback

e [nternal data flow

‘ User interaction
= System module
(D System metadata
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Up-to-date
SOUrces Proposed fact: takings (100%)
Measures Dimensions ( '
Visualization
SLAs income (100%) producer (93%) 4‘77_
Concept-|—> Re expenses (95%) movie (90%) ata ‘ RE""”":—M—
ata-Mining

directorWage (80%)| director (87%)

takings . year(released) (83%) ds T
Registry _ _." | ) — __¥jvata
. ' Source

Connector

-

- Ontology LEGEND

ANEND = - 4
sapipgqedey | _|..

Tuning User's inputs / feedback

e [nternal data flow

& User interaction
[ System module
D System metadata

51
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Up-to-date
Sources Proposed fact: takings (100%)
Measures Dimensions ( Vieualimation '
SLAS ‘ income (100%) producer {93%}‘ 4‘7 —
Conceptﬂ—) Re exXpenses (95%) movie {QD%I} ata ‘ Reporting | -
_ N @irectorWage (80%)|  director (87%) ® Data-Mining
takings ol year(released) (83@) di —
Registry _ ..’ J ) ¥ Uata\
- 1 Source
: Connector
. )
= Ontology % LEGEND
Tuning User's inputs / feedback
—_— Internal data flow
& User interaction

Q System module
D System metadata
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+ slicers (e.g., year > 2000)

UNIVERSITAT POLITECNICA
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BARCELONATECH

- Ontology

Up-to-date
SOUrces Proposed fact: takings (100%)
Measures Dimensions
@D SLA @ income (100%) producer (93%)@)
A Re C 1 C ata
Concept o SIAMDO expenses (95%) movie (90%)
_ @irectorWage (80%)|  director (87%)
takings . year(released) (83@) dﬂ
Registry _.." | J — ) §|U3t3\
8 ' —': Source
K r_;: Connector
o |t "
E|E LEGEND
ol I

Tuning User's inputs / feedback

e [nternal data flow

& User interaction
[ System module
D System metadata

-
Cube
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Up-to-date
——
| @ Integrated Sch
SOUrces Quality metrics ORE \IJ e Emi
A Star-schema \J_ ) ] -.
t D;"':ﬂ Visualization
SLAs \ . ‘ —_—
Reporting
Concept T’ ETLres . — \
t k ° % ETLnew {CubelD¥, Pata-Mining ‘
a |n S SourcelD* o )
g COAL —
i .--‘ ih *
. ’ SourcelD
Registry _ .« Data
,
3 ' : < Source
: . Connector
o |z
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‘ User interaction
= System module
(:] System metadata
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BARCELONATECH

Data Warehouse

A: 1/1/2013
B: Today

Up-to-date

sources - ] \|lntegrated Schema
£} Quality metrics J ¥

4 Star-schema 48 T

L D;"-:ﬂ Visualization
SLAs uy () D
. Data Reporlt_lng
Concept T} ETLrer CubelD* ' S
Data-Mining

% ETLnew {CubelD¥,

SourcelD* »
]—1—> Cube Builder —

takings

— Data
- —= Source
: o Connector
< e =
- Ontology % GEND

) | Tuning User's inputs [ feedback

e [nternal data flow
6 User interaction

= System module
(:] System metadata
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Data-Mining
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Can ETL,,, be rewritten in terms of ETL,?

-

;e_.jr,. " |-!._. ]: |

ETL New

ETL Rereference
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Quality metrics

Star-schema C ]
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SLAs S L
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ETLpew Data-Mining ‘
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The AMDO Module
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AMDO: The MD Integrity Constraints € oo

D
N dinl : - month - day
- leap year - holiday
1 1
............................................ D
F C
" [ sales per Year | CUP&E
: N - price N 1
- discount ; T
M : 1
1 z N
: L City
M |N 1 = name
D ! i e :
Category |, [ Product || i [ Daly giles N
- < >— - id : P :
- E:;?:Er_ - :jas.:r_ : - discount :
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AMDO: The MD Integrity Constraints @ B CaaL e TEONA
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The MD Space
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Summarizability (vear)
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- (2013
e Compatibility

\F(profit)
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(\\N\
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09/07/2013

Semantic-Aware Business Intelligence 68



AMDO: Overview
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BARCELONATECH

® Facts
[C1]
Dimensions Y% Measures
Potential Dimensions and
@ Find out Facts Measures per Fact
Techniques: ()
- Quality threshold
function
Discover User [Criteria
Dimensions Discover (+ Slicers)
Techniques: <> Measures Requirement
- Matching Techniques:
- Subsumption - Matching
Ontology Criteria used: Potential Potential - Subsumption 1 - Task
[C2] Dimensions Measures A -
C"te"[léa'-l'sem mm) : Tasks output / input
.. : Automated Task
(2
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AMDO: Dimension Discovery € nummire

e IC: Facts are related to concepts by means of
to-one relationships

e Definition: A dimensional concept is defined

by an ending concept and a path of
properties. The path must be considered

because it adds relevant semantics.

FC=1r.D, where r=(ryo...01p)
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AMDO: Measure Discovery @

e |IC: Measures are numerical attributes
enabling correct data aggregation (datatype)

e Definition: A measure is defined by a

datatype and a path of properties (i.e., a

composite property)

2)

Fact

09/07/2013

1)

Datatype

-

Bridge-Class

Datatype

Fact

Datatype

UNIVERSITAT POLITECNICA
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BARCELONATECH

Fact

= Eridge-Class

Datatype
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AMDO: Fact Likeliness @

* Fact Estimation
— f(#D, #M)
— Other parameters could be considered

Concept fDimensional fPotential FactEstimation
Concepts Measures

LateReturn 18 = BE
DamageCost 21 3 87
Prepared 81 3 87
AssignedCar 80 3 BE
PaidWithPointsRental 74 L B2
ClosedRental 14 4 B2
EarlyReturn 74 4 B2
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.
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UNIVERSITAT POLITECNICA

GEM: Requirement Validation il

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. -p_retailprice
-5 name -ps_partkey -p_size
-5_comment “Ps_supplycast -p_container
-s_nationkey Lineitem -ps_comment 4 » Partsupp_Part 1 |p type
-5_phone -l tax -ps_availty -p_brand
-5_accthal -_extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
-|_comment
i Orders
-|_quantity 1.7 Contained 1 o orderke
Warksln -I_discount de Y
-_orderkey -0_orderpriority
-|_linestatus Cust -0_totalprice
-_shipinstruct pEROmer -0_orderdate
-|_partkey -¢_custkey 1 Does 1.+ |-o_clerk
4_receiptdate -¢_mktsegment -0_shippriority
. - shipdate -¢_nationkey -0_orderstatus
- -C_name -0_comment
MNation
-¢_comment -0_custkey
-n_comment -¢_phone
-n_regionkey 1 Lives 0.* & address
-_hame -¢_accthal
-n_nationkey
1.* | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name 1 Is 1 Arga
r_regionkey -a_areakey
-r_comment -3_areaname
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UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

GEM: Requirement Validation

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp —
-s_suppkey 1 Provides 1. -p_retailprice
-5 _Name -ps_partkey -p size
Concept’s taggin & conma Ps_suppiyoos #contaner
gg g L -5_nationkey Lineitem Ps, DD"jlmE”t 1.* Parsupp_Part 1|p type
- - - -5 phaone 4 tax -ps_availgty -p_brand
.Identlfylng Concepts N -5_accthal -_extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
the OntOlOgy o -I_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
| t
DDITIIT!EI'I Orders
-l_quantity 1.* Contained
41 discount -0_orderkey
Worksin i derpriof
-|_orderkey 0 On rplnDnty
-|_linestatus st -0_totalprice
-1_shipinstruct | -ustomer -0_orderdate
-1_partkey -¢_custkey . Does -0_clerk
1 receiptdate -¢_mktsegment -0_shippriority
1 -|_shipdate -¢_nationkey -0_orderstatus
Nati -C_name -0_comment
ATon -¢_comment -0_custkey
-n_comment -¢_phone
-n_regionkey Lives 0.7 & address
-_name -¢_acetbal
-n_nationkey
1. | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name Is i Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. o5, partkey p rﬁtallprbe
C 1 1 z ;::;errt -ps_supplycost E z::tainer
Once pt S tagglng A -s_nationkey Lineitem -ps Dnrr]ment 1.* Parisupp_Part  1|p type
. . . -5_phone -l tax -ps_availty -p_brand
.Identlfylng Concepts N -5_accthal -_extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
the OntOlOgy -I_linenumber -p_comment
0.* 1 , )
. commitdate p_mfgr
*Tagging the concepts Lietumlag | 0.7 Lnehen Parsupe
I 1 -_comment
with appropriate MD roles oot N Orders
WorksIn -_discount © Drderke:_.rl
1_orderkey -0_orderpriority
-I_linestatus -0_lotalprice
-1_shipinstruct I Customer -0_orderdate
-_partkey -¢_custkey . Does -0_clerk
4_receiptdate -¢_mktsegment -0_shippriority
. - shipdate -¢_nationkey -0_orderstatus
Nati -C_name -0_comment
ation -¢_comment -0_custkey
-n_comment . -¢_phone
-n_regionkey 1 Lives 0.1 & address
_hame -¢_acctbal
-n_nationkey
1. | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name Is 1 Area
r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. o5, partkey p rﬁtallprbe
C t! t . z ;::;errt (E ﬂ) -ps_supplycost E zil::tainer
Oncep S agglng e -5_nationkey Lineitem Ez zfr:illr:tint 1.* Partsupp_Part  1|p_type
. . . -5_phone -l tax L -p_brand
.Identlfylng Concepts N -5_accthal - extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
the OntOlOgy o -I_linenumber -p_comment
. - -_commitdate -p_mfgr
.Tagg”']g the Concepts : rT-Itlurnlei 0.*  Lineitem_Partsupp
-1_shipmo
1 1 -_comment
with appropriate MD roles poommet | N | [ordes
Waorksln -I_discount © Drderke:_.rl
1_orderkey -0_orderpriority
- linestatus -0_totalprice
-1_shipinstruct I Customer -0_orderdate
-_partkey -¢_custkey . Does 1.+ [ro_clerk
4_receiptdate -¢_mktsegment -0_shippriority
- shipdate -¢_nationkey -0_orderstatus
@ Nati -C_name -0_comment
[ Taton | -¢_comment -0_custkey
-n_comment . -¢_phone
-n_regionkey 1 Lives 0.7 & address
[n_name -¢_acctbal
-n_nationkey
1.% | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-f_name 1 Is 1 Arga
r_regionkey -a_areakey
-r_comment -a_areaname

09/07/2013 Semantic-Aware Business Intelligence 79



GEM: Requirement Validation

Concept available?

09/07/2013

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. " -p_retailprice
-5 name -ps_partkey -p_size
-5_comment (IS!I) “Ps_supplycast -p_container
-5_nationkey Lineitem Ps DD":'mE”t 1.* Partsupp_Part  1|p_type
-5_phone -l tax -ps_availty -p_brand
-5_accthal - extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
-|_comment
i Orders
-I_quantity 1.* Contained 1
. s T -0_orderkey
Worksin i derpriof
-_orderkey 0_or rplnDnty
-|_linestatus ( I 20 : -0_totalprice
-_shipinstruct pEROmer -0_orderdate
-|_partkey -¢_custkey 1 Does 1.+ |-o_clerk
4_receiptdate - mktlsegment -0_shippriority
- shipdate -¢_nationkey -0_orderstatus
= -C_name -0_comment
MNation
E— -¢_comment -0_custkey
-n_comment -¢_phone
-n_regionkey 1 Lives 0.1 & address
fn_name -¢_accthal
-n_nationkey
1.* | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name 1 Is 1 Arga
r_regionkey -a_areakey
-r_comment -3_areaname
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GEM: Requirement Validation

DE CATALUNYA
BARCELONATECH

Requirement: Revenue related to Serbian customers.

Concept available?

09/07/2013

Semantic-Aware Business Intelligence

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. » -p_retailprice
-5_name -ps_partkey -p_size
-5_comment -ps_supplycost -p_container
-5_nationkey “Ps, DD":”'"EHT 1.* Parsupp_Part 1|p type
-5_phone - -ps_availqty -p_brand
-5_accthal - -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
-|_comment
i Orders
-|_quantity 1.7 Contained 1
Warksl - - -0_orderkey
orksln M
-_orderkey -0 DFdErplnDrll‘y
-l_linestatus (I }G . -0_totalprice
-1_shipinstruct ustomer -0_orderdate
-1_partkey -c_custkey 1 Does 1.+ |0_clerk
1 receiptdate -, mktlsegment -0_shippriority
@ - shipdate -¢_nationkey -0_orderstatus
-C_name -0_comment
" Mation
-¢_comment -0_custkey
n_comment -¢_phone
n_regionkey 1 Lives 0.1 & address
[n_name | -¢_acctbal
n_nationkey
1. | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

GEM: Requirement Validation

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. " -p_retailprice
-5 name -ps_partkey -p_size
Concept available? =-commert gy »_container
" -5_nationkey “Ps, DD":”'"EHT 1.* Parsupp_Part 1|p type
-5_phone - -ps_availty -p_brand
If no source can supply < accbal ] Ps_suppley »_partkey
-5_address -1_suppkey - -p_name
that Concept o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
|
DDITII'I'!EI'I'( Orders
-|_quantity 1.7 Contained 1
Warksl - - -0_orderkey
orksln M
-_orderkey -0 DFdErplnDrll‘y
-l_linestatus (I }G . -0_totalprice
-1_shipinstruct ustomer -0_orderdate
-|_partkey -¢_custkey . Does 1,40 clelrk o
1 receiptdate ~c_miktsegment -o_shippriority
-|_shipdate -¢_nationkey -0_orderstatus
// = -C_name -0_comment
MNation
-¢_comment -0_custkey
n_comment -¢_phone
n_regionkey 1 Lives 0.1 & address
[n_name | -¢_accthal
n_nationkey
1. | |
IsFrom LegalEntities Individuals
-le_regnum -i_idnum
1
Region
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname

09/07/2013
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. o5, partkey p rﬁtallprbe
C t available? < commn e sy L e
Oncep aval a e H -s_nationkey -ps_comment 4 » Partsupp Part 1 p_type
-5_phone - -ps_availty -p_brand
If no source can supply  |saccs ] Ps._suppkey o_partiey
-5_address -1_suppkey - -p_name
that concept: T A_inerumber _comment
-_commitdate -p_mfgr
Py -1_returnflag 0. Lineitem_Partsupp
Search for rewumtag
1 -l_comment
. Orde
taxonomies or poommet | _ =
‘Warksin - A
Synonyms -|_orderkey g ‘:r::elrpl”ﬂ”t?
. -l_linestatus -0_lotalpnce
¢ OperatlonS -|_shipinstruct CILGHS:""BF -0 Dlrdirdate
-|_partkey -C_custkey 1 Does 1.+ |-0_cler
- _receiptdate -c_mkisegment -0_shippriority
(@ -|_shipdate -¢_nationkey -0_orderstatus
“" Nati -C_name -0_comment
ATon -¢_comment -0_custkey
n_comment . -c_phone
n_regionkey 1 Lives 0.7 & address
[n_name | -¢_acctbal
n_nationkey lf%
1.* _ | |
IsFrom LegalEntities Individuals
le_regnum -i_idnum
1
Region
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. o5, partkey p rﬁtallprbe
C t available? < commn oo sy L e
Oncep aval a e H -s_nationkey -ps_comment 4 » Partsupp Part 1 p_type
-5_phone - -ps_availty -p_brand
If no source can supply  |saccs ] Ps._suppkey o_partiey
-5_address -1_suppkey - -p_name
that Concept o A_finenumber -p_comment
-_commitdate -p_mfgr
Py -1_returnflag 0. Lineitem_Partsupp
Search for rewumtag
1 -l_comment
. Orde
taxonomies or poommet | _ =
‘Warksin - A
Synonyms -|_orderkey g ‘:r::elrpl”ﬂ”t?
. -l_linestatus -0_lotalpnce
« Operations byt Osistonsr o oersat
-|_partkey -C_custkey 1 Does 1.+ |-0_cler
- _receiptdate -c_mkisegment -0_shippriority
(@ -|_shipdate -¢_nationkey -0_orderstatus
“" Nati -C_name -0_comment
anan -¢_comment -0_custkey
n_comment . -c_phone
n_regionkey 1 Lives 0.7 & address
[n_name | -¢_acctbal
n_nationkey
1. _ | |
IsFrom LegalEntities Individuals
le_regnum -i_idnum
1
L\ UNION
egion
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation

&

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

Requirement: Revenue related to Serbian customers.

Building the initial
ETL structure...

09/07/2013

Supplier Part
Partsupp —
-s_suppkey 1 Provides 1. » -p_retailprice
-5_name -ps_partkey -p_size
-5_comment -ps_supplycost -p_container
-5_nationkey “Ps, DD":”'"EHT 1.* Parsupp_Part 1|p type
-5_phone - -ps_availty -p_brand
-5_accthal - -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
-|_comment
i Orders
-|_quantity 1.7 Contained 1
Warksl - - -0_orderkey
orksln M
-1_orderkey -0 Drderplnnrlty
-l_linestatus (I }G . -0_totalprice
-1_shipinstruct ustomer -0_orderdate
-1_partkey -¢_custkey . Does 1.+ [ro_clerk
1 receiptdate - mktlsegment -0_shippriority
@ - shipdate -¢_nationkey -0_orderstatus
-C_name -0_comment
" Mation
-¢_comment -0_custkey
n_comment -¢_phone
n_regionkey 1 Lives 0.1 & address
[n_name | -¢_acctbal
n_nationkey
1. | |
IsFrom LegalEntities Individuals
le_regnum -i_idnum
1
: UNION
Region
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Building the initial
ETL structure...

EXTRACTION wrein

EXTRACTION

EXTRACTION

09/07/2013

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

Supplier Part
Partsupp T
-s_suppkey 1 Provides 1. » -p_retailprice
-5_name -ps_partkey -p_size
-5_comment -ps_supplycost -p_container
-5_nationkey “Ps, DD":”'"EHT 1.* Parsupp_Part 1|p type
-5_phone -ps_availqty -p_brand
-5_accthal -_extendedprice -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -|_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
-|_comment
i Orders
-I_quantity 1.* Contained 1
- -0_orderkey
-1_orderkey -0_orderpriority
-|_linestatus (I }G . -0_totalprice
-1_shipinstruct ustomer -0_orderdate
-1_partkey -¢_custkey . Does 1.+ [ro_clerk
1 receiptdate -¢_mktsegment -0_shippriority
@ - shipdate -¢_nationkey -0_orderstatus
- - t
Nati £_name 0_Ccommen
ATon -¢_comment -0_custkey
n_comment -¢_phone
n_regionkey 1 Lives 0.7 & address
[n_name | -¢_accthal
ey UNION
' ' CTIO
IsFrom LegaIEnt'rties Individuals EXT RA T I N
le_regnum -i_idnum
1
: UNION
Region
-r_name Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname
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GEM: Requirement Validation @

Requirement: Revenue related to Serbian customers.

Supplier Part
i ) Partsupp - —
s_suppkey 1 Provides 1. p_retailprice
-5 name -ps_partkey -p_size
-5_comment “Ps_supplycast -p_container
-5_nationkey “Ps, DD":”'"EHT 1.* Parsupp_Part 1|p type
-5_phone - -ps_availty -p_brand
-5_accthal - -ps_suppkey -p_partkey
-5_address -1_suppkey - -p_name
o -_linenumber -p_comment
- -_commitdate -p_mfgr
-1_returnflag 0. Lineitem_Partsupp
-|_shipmode
- Dnrnrr!ent Orders
-I_quantity 1.* Contained ' o orderke
Warksln - de .Y.
1_orderkey -0_on rplnDnty
-I_linestatus (I 20 : -0_lotalprice
-_shipinstruct pEROmer -0_orderdate
-|_partkey -¢_custkey . Does 1.+ clelrk »
4_receiptdate - mktlsegment -0_shippriority
- shipdate -¢_nationkey -0_orderstatus
// = -C_name -0_comment
Nation
-¢_comment -0_custkey
n_comment . -¢_phone
n_regionkey 1 Lives 0.7 & address
[n_name | -¢_acctbal
n_nationkey Ifﬁ
1.% _ | |
IsFrom LegalEntities Individuals
le_regnum -i_idnum
1
Region
-r_name 1 Is i Area
-r_regionkey -a_areakey o 5 a0 .
+_comment o arename Concepts are identified in the
ontology, tagged with a MD role
. , . and it is guaranteed at least one
09/07/2013 Semantic-Aware Business Intelligencg
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UNIVERSITAT POLITECNICA
DE CATALUNYA

GEM: Requirement Completion

BARCELONATECH
Supplier Part
Partsupp .
5_suppkey 1 Pravides 1% -p_retailprice
Id - - h 5 _name -ps_partkey -p_size
entl Ing pat S s 5 comment (th -ps_supplycost -p_container
-5_nationkey Lingitemn -ps_comment |4+ Partsupp_Part 1 |p_type
» Paths between tagged s phone e s avaidly o_brand
s _acctbal -l _extendedprice -ps_suppkey -p_partkey
Concepts 5 address -|_suppkey 1 -p_name
0 -_linenumber -p_comment
- -|_commitdate -p_mfgr
-_returnflag 0.* Lineitern_Partsupp
-_shipmode
-_comment
i Orders
-|_guantity 1.* Contained 1 derk
Worksln - _discount o_ar "Bl‘.-'l
-_orderkey 0_orderpriority
-l_linestatus (I 20 n o_totalprice
- shipinstruct palomer, o_orderdate
-|_partkey -¢_custkey 1 Does 1.+ |-o_clerk
- receiptdate -c_mktsegment o_shippriority
-_shipdate -¢_nationkey 0_orderstatus
= -C_name o comment
Nation
] -¢_comment 0_custkey
-n_comment . -c_phone
-n_regionkey /1 Lives 0.” - address
[T1_Mame - -¢_acctbal
-n_nationkey
| |
IsFrom LegalEntities Individuals
-le_regnum - idrnum
1
Region
-T_name 1 Is 1 Area
-r_regionkey -a_areakey
-r_comment -a_areaname

09/07/2013
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GEM: Requirement Completion @

Ve

Lineitem
-_tax
-l _extendedprice
-_suppkey
-_linenumber
-_commitdate
- _returnflag
-_shipmode
-_comment o
-_gquantity 1.0 Contained 1 rars
-_discount = J-0_orderkey
-I_orderkey -0 Drderplrinrity
-l _linestatus (I }C - -0_totalprice
-l _shipinstruct uslomer -0_orderdate
-|_partkey -¢_custkey B Does 1.*fo c:lelrk -
- receiptdate -c_mktsegment o_shippriority
@ -_shipdate -¢_nationkey -0_orderstatus
Nati -C_name -0_comment
R -¢_comment -0_custkey
-n DDI'II'II'HEI'It . e phene
-n_regionkey /1 Lives 0. o address
i_name - -¢_accthal

-n_nationkey

Paths between the required
concepts are identified, concepts
are partially tagged with MD roles
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GEM: MD Validation and ETL Generation @

e

Lineitem
- tax
- extendedprice
-_suppkey
-_linenumber
-_commitdate
- _returnflag
-|_shipmode S -
- _comment (C’w( L'
: jyantit:t 1.7 Contained 1 R ord;rk;:
- _discou
-_orderkey o_orderpriority
-l_linestatus (L}C ; o_totalprice
- shipinstruct ustomer o_orderdate
-|_partkey -¢_custkey 1 Does 1.+o clelrk o
1_receiptdate ~c_mitsegment o_shippriarity
@ -_shipdate -¢_nationkey 0_orderstatus
} -C_name o0_comment
Nation -¢_comment o_custkey
-n_comment . -¢_phane
-n_regionkey /1 Lives 0.7 - address
_name - -¢_accthal
n_nationkey -

All concepts are appropriately tagged and
generated schemas are validated according
to MD integrity constraints.

Then, the schema transformations are
lowered to the instance level by means of
ETL operators (Operator Library)
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GEM Output: Multidimensional Schema

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

|£] GEM

— | O -

‘ File

linputs Loading

Ontology: | Viles\onto

Source Mappings: |\iles\mapy
|Business Requirements: |[\Uab sessio

l’ConceptuaI MD design 21 %

2| =

n

LESIOpEknE:
LEVEL
Wezslres
CroupSy Dt
Reset Fesescment_Rem _CcourseATRIEUT
OierDim Dat
1] Il | D
GEM system has generated the follg = =
MD Schemals) Conceptuz
- | candidaie
1) MD Design — View/Save., LaneiDgiiors:
S — LEVEL
2)MD Design — View/Save. B
—— SroupSy Dt
3)MD Design — ViewSave, —
OmerDim Data
. . candidaie repesteATRISUT
4)MD Design — View/Save. Eoes
5)MD Design — View/Save.,
— \E3r_mionen_d=y_hour year_monin_day yEaT_monin
LaneiCprions: LaneiCprions: LaneiCprions:
LEVEL LEWEL LEVEL
MeEsanes: Mlezsures beEsnes:
GrowpSyCats (—’mm (—}muua:
YEEr_Mnn_sem esterATRIBUT
OiherDimDatz: OherDimDets OiherDim Dtz
- Eogps Eoges Eoges: Eogs:
« [ v |
Dl ] |
09/07/2013 Semantic-Aware Business Intelligence 91




GEM Output: ETL Flows

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

(&) GEM

File

|
[0]

Inputs Loading

Ontology: |.\ﬂIes\ontology_learnSQL.owI | @ | Browse... | | Load |
Source Mappings: |.‘mIes\mapping_learnSQL.xml | Q | Browse... | | Load |
|Business Requirements: |\Iab session reqs‘nGEru11.req2.me| Q | Browse... | | Hew |

;l/ Conceptual ETL design 01 %

hysical(SQL) ETL Design(s) Conceptual Logical (XML) Physical (Kettle |
| |

PostgreSCL <?xml?> certile:
ViewiSave... ETL Design — l View/Save... J l ViewiSave... J l View/Save...
ViewlSave... ETL Design — l View/Save... J l ViewiSave... J l View/Save...
ViewlSave... ETL Design — l View/Save... J l ViewiSave... J l View/Save...
ViewlSave... ETL Design — l View/Save... J l ViewiSave... J l View/Save...
ViewiSave... ETL Design — l View/Save... J l ViewiSave... J l View/Save...

4 i 1T |

Ended succesfully

e

09/07/2013 Semantic-Aware Business Intelligence

92



The ORE Module

SLAs

Concept e

ey

Quality metrics

Registry __»

Integrated Schema

\ ! (]
> -

A

i B

Ak

Ontology | £ | =

7|z

w

"

Visualization

—

Reporting

-

Data-Mining

LEGEND

0 | Tuning

. User interaction

User's inputs / feedback

- Internal data flow

. System module
D System metadata

Cube

-




ORE: TPC-H Example € s

Supplier > Partsupp > Part
Lineitem |« Order
Nation » Customer
Region

» Example information requirements:

» IR1: The total quantity of the parts shipped from Spanish suppliers to French
customers.

IR2: For each nation, the profit for all supplied parts, shipped after 01/01/2011.
IR3: The total revenue of the parts supplied from East Europe.
IR4: For German suppliers, the total available stock value of supplied parts.

IR5: Shipping priority and total potential revenue of the parts ordered before certain
date and shipped after certain date to a customer of a given segment.

v Vv Vv Vv
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ORE: TPC-H Example (i)

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH
Nation L
Nation . Nation L - n_name
- n_name - n_name
[ _Subplier F
' L Supplier L
Customer L Supplier L
- c_name - S_name
| -
L_Otderg ll Lineitem_dim L Lineitem F Partsupplier F
Orders L[] Lineitem F Partsupplier | - |_shipdate - |_quantity - p_supplycost
- |_quantity - |_discount
| | - - |_extendedprice
D
o Nation L
Iteration 1:
[ ]
|1
. D Customer L
Nation L e name
- n_name
1
1 . F D
NE : Lineitem F - .
Supplier L Partsupplier F| [ STy Llne_ltem_d|m L
- s_name 1 - P_supplycost T+ - |_discount ~1t - |_shipdate
- |_extendedprice

MD Schema satisfying IR1 + IR2
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ORE: TPC-H Example (i)

Final Output:

D
Nation L
- n_name
I
Customer L
e D - c_name
Region L - c_mktsegment
- r_name D
Part L Orders L
l. - p_type - 0_orderdate
- o_shippriority
Nation L P
- n_name . -
I 1% : .1..* F
Supplier L Partsupplier F | Lineitem F
- - ps_supplycost - |_quantity
s -1 - Es_avgﬁq‘;y - |_discount i
~ - |_extendedprice

D
Lineitem_dim L
- |_shipdate
- |_orderkey

MD Schema satisfying IR1- IR5

09/07/2013
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O RE O . UNIVERSITAT POLITECNICA
. DE CATALUNYA
" Ve er ew BARCELONATECH

Providing Input
MD Interpretations

1) Matching Facts 2) Matching Dimensions 3) Complementing the MD Design 4) Integration
EEESZ ™ 2 o

‘ ’II 'o'Sn 2 t::’, A ‘0. £ 7~7+’ “.S” ]
 SEe £ A =25 ’\ CEC @

MDI % ScI:Ema E’EE' g%g

| - Fact - Dimension _ - _- Matching/Tuning option ~ _"-" - approved option |

Data Cube Schema

S

MDI
(MD Interpretation)

» Inputs
» MD interpretations of requirements (GEM)

» Stages
1.  Matching Facts
2. Matching Dimensions
3. Complementing the MD Design
4. Integration
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. UNIVERSITAT POLITECNICA
ORE: Matching Facts @ Sk sNtAchne

e Two facts match if they produce an
equivalent set of points in the MD space

 Alternative solutions with different costs

ergeLevelsifationj T+ -~ --
L |
Supplier F !
- s_name
. Partmarket F
\1 mergeFacts(Supplier-Partsupplier,Partmarket) |- Pm_benefitsexpected
e P2 - ps_availqty
Partsupplier F i
- ps_supplycost ‘ I
- ps_availgty |
Uiz 2 LineiEem F T
-l quantty | p_tnekem = o+ 0 S camn SR
- |_discount - |_extendedprice PR, 'mergeLeVe’S(Part)
- |_extendedprice - |_discount
(TM) meré-e‘lfééfs'(‘l__ir-];a.item) (MDI) (TM) (MDI)
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ORE: Matching Dimensions @

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

 Dimension - partially ordered set of individual levels (DAG)
 We search for possible matchings among the individual levels

e Match levels through the shortest path producing a valid MD
relation (=, 1-1, 1-* or *-1) between them

 Alternative solutions with different costs

Nation L
- n_name : |
AT . i L
g Supplier :
Il 7S l
* O/( .
Customer L ”?@‘;@- --------------
- c_name ] _ I
1 b ()},b S
i '449% g
72 insertLevel(Lineitem_dim)
Orders L " Lineitem_dim L
s B s - _shipdate
insertFD(Lineitem_dim,Orders)
1 1
Ed *
Lineitem F Lineitem F
i : - |_quantity
Lquamice - |_discount
__ I |_extendedprice
(TM) ergeFadis{Lineiiom) (MDI)

09/07/2013
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ORE: Integration @ ARGELONATEGH

IR1 + IR2
 Producing the final MD schema <
— Relaxing the final schema ot

from currently irrelevant information i

Nation T Ord;ers L

- N_name

* Two phases - ;

|_Lineitem F " jnejtem_dim L

e e, ® [ e 5
I. Partitioning - Supoler 1) EPRSUPRIEEE) sty | _HOET

- |_extendedprice

grouping different concepts that: —
e  Produce a connected subgraph

 Have the same MD interpretation G

.
ii. Folding .
_—

e Consider only the concepts currently
required by the user

* All the knowledge still preserved in e
TM for future integration steps

o 1
Lineitem F Linei i

1 |_Lineitem F ineitem_dim L

ier L Partsupplier F ~1_quantity =

- p_supplycost [ - I_discount

- |_extendedprice

- n_name

I
D Customer L

Nation L
name

1T

e 5
I el
i - ineitem F T -
Supplier L] Partsupplier 7| [~ quantity Llng|tem7d|m L
- s_name = p_supplycost i - |:dlsc0unt =t - |_shipdate
B - |_extendedprice
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The COAL Module

Integrated Schema

"

Visualization
| 1

Quality metrics

SLAs -
Reporting
Concept sl X " J )
Data-Mining
Cube
"'1
Registry‘_.'
e
- ——
A
L2 0
2|8
~ Ontology | 2 | £ LEGEND
I | = R
i @ Tuning User's inputs / feedback
e - Internal data flow

. User interaction
. System module
D System metadata
A




C O L T P C H E 1 UNIVERSITAT POLITECNICA
. - DE CATALUNYA
AL: xample
legend:
- aggregator (a) Eanget
- user defined func. (UDF) t
--J'oi':l @ ik any
- schema ification (s
--;uroeubles wtn arl anl
I - filter (f) t 2 * *
-- -u-.R;}Locmng Sl‘;&_, UDF
n
-[I paitkey = ps_partiey, UDFr]- " 1
_suppikey = p5_suppkey) A

supplier

partsupp lineitem

Referent ETL design

09/07/2013

A )

4 4

A 4

nation | partsupp lineltem * *
New ETL design

A A

supplier  partsupp lineitem
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COAL: TPC-H Example @

4 A ) ) A
A 0 A 4 A
4 4 4 4
4 4 4 4 A
\ ¢ - ¢ +

: N
- o

region nation supplier partsupp lineitem orders customer part
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UNIVERSITAT POLITECNICA
TPC-H Example
BARCELONATECH

@%ﬂ—%"—%»%b— E;i--— E;:--— is *—)ﬂ———,u_]

/jﬂ B sMr2 sMr3 sMr4 sMr>  UDFr arl Load_eastEurope_rev

= = [=L] = = = = > e
Xy e 2 L] X ] X L] 1S e ED—-—.H_]
X .4 X .4 -

sMn1 sMn2 sMn3 sMn4 UDFnl anl Load_SpanishSupp_rev

@_}3:—-— 15— >2D—-— .?J_l
jn6 UDFn2 an2 Load_northEurope sh quan

= =| = —
e H—] E E is —I-—>ZD—-—E|
X % . % )

sMn10 sMn1l sMnl12 sMnl3  UDFn3 an3 Load_custl_sh_quan

= =+ = =+ = =+ = =+ > '.
o e L ] O ] €, e S _—._ED_-._ ]
2 X 2 X B

sMnl4 sMnl5 sMnl6 sMnl7 UDFn4 and  Load_northEurope_rev
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COAL: Goals and Challenges @

e WHAT?
— Incremental integration of ETLs
— Consolidation Algorithm

e Apply equivalence rules

e Maximize matching area
— Consider partial matching

— Consider execution costs
e HOW?
— Consider the ETL as DAG

1. Match the inputs
2. Match paths from the same input(s)

— Consider a pair of operations can match
a. Fully
b. Partially

— Two operations may match if their inputs coincide
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COAL: Equivalence Rules € oo

 Unary Operations:
— Swap
— Distribute
— Factorize

* Binary Operations:
— Associate
— Distribute
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COAL: Equivalence Rules @

UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH

oper. f sM j U a UDF SK
f \/Swp ~swp \/d&t/fct \/ds t/fet ~swp \/suap \/swp
sM \/.S'w- X \/dst ct \/dst ct| Tswp \/SU.-"J \/sw-
p I p
J \/dst/fct ~Mdst/fet \/agc X ~Ndst/fet|™dst/ fet | dst/ fet
U \/dst/fct \/dst/fct \/d-i-str \/aSC X \/dst/fct "dst/fct
a ~swp ~Mswp |Mdst/fct X X ~swp ~Mswp
UDF ~Mswp ~Mswp |™dst/fet \/dst/fct ~swp ~Nswp ~Mswp
SK ~swp ~Mswp |Mdst/fet \/dst/fct ~swp ~swp X
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. UNIVERSITAT POLITECNICA
COAL: Operator Matching @ becimetan

No full match in ref. ETL

O No full match in new ETL

: % Partial match

(3)
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. UNIVERSITAT POLITECNICA
COAL: Operator Matching @ becimetan

* Filter
¢ f@bi(B) — fug(ng) iff R=S A "3;"1 = "i;'f-‘gi
o fy, (R) < £4,(8) if f R=S Aty = iy

e Schema modification

o sMui. . an(R) =sMp1._ m(S) iff R=S A {al....an} = {bl,...bm};
® sM,i  an(R) < sMyy pm(S) iff R=S A {al....an} D {bl....bm};

e Join
e Pj, Q=Rj, Siff (P=RAQ=S)V (P=SAQ=R)) A )y = s
e Pj, Q<Rj, Siff (P=RAQ=S)V (P=S A Q=R)) A ¢y < ts;

e Union
e PUQ=RUSiff (P=R A Q=S)V (P=S A Q=R)):
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C O L M . Id UNIVERSITAT POLITECNICA
fs . DE CATALUNYA
" aln e a BARCELONATECH

1. Match leaves-sources — queue

2. While queue is not empty
. Try to match next (topological) operation

Il. Else for each pair of operations
i. Reorder both graphs
ii. If full match then queue
iii. Elsif partial match then add to output list

Ill. If no match then add to output list
3. Choose the lowest cost in output list
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C O L M . Id UNIVERSITAT POLITECNICA
fs . DE CATALUNYA
" aln e a BARCELONATECH

* Invariants
— One pair of operations matches
— A new match is only considered if inputs match

 Rule
— Compare operations before trying to move

O ref O new

O

ref new

Matched Matched
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C O L M . Id UNIVERSITAT POLITECNICA
fs . DE CATALUNYA
" aln e a BARCELONATECH

* Invariants
— One pair of operations matches
— A new match is only considered if inputs match

 Rule
— Compare operations before trying to move

O’ref O’new
Oref * Onew
Matched Matched
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C O L M . Id UNIVERSITAT POLITECNICA
fs . DE CATALUNYA
" aln e a BARCELONATECH

* Invariants
— One pair of operations matches
— A new match is only considered if inputs match

 Rule
— Compare operations before trying to move

O ref C)r ew

O ref O ’(}ew

Matched Matched
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C O L M . Id UNIVERSITAT POLITECNICA
fs . DE CATALUNYA
" aln e a BARCELONATECH

* Invariants
— One pair of operations matches
— A new match is only considered if inputs match

 Rule
— Compare operations before trying to move

O’ref C)r ew
O/ef O pew
Matched Matched
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C l . UNIVERSITAT POLITECNICA
DE CATALUNYA
O n C u S 1 O n S BARCELONATECH

e Bl Systems Characterization
— Exploratory BI
— State of the Art: Trends

e Technical Challenges
— Semantic-Aware Systems
— Autonomy Vs. Consistency
— Automation

 QOur Vision: A System to Enable Exploratory Bl
— AMDO
— GEM
— ORE
— COAL

e Still alot to do!
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