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Data Sources (S): a set of data sources of a specific domain
Mediated Schema (G): a set of relations and attributes that we wish to
expose to users
Schema Mapping (M): a set of mappings from the attributes in S to the
attributes in G
Query processing
— A user query over G is reformulated into multiple queries over S using M
— Results are retrieved from multiple data sources and combined
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e A typical data integration solution is impractical for web-
scale data

— Too many domains of interest (Web Data is about everything)
— Huge number of sources for each domain

— Designing mediated schema is infeasible

— Data sources are dirty, incomplete and lack of meta-data

A web-scale data integration system
— can only afford pay-as-you-go [Franklin et. al 2005]
— Support automated schema design and mapping
— Provide best-Effort services
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Can we use FD theory in some way to automate the massive
data integration problem?

FDs are specified top-down in the database design process as
statements of truth on how attributes relates to each other

FD X =2 Y holds if and only if each X value is associated with
precisely one Y value

One of Armstrong’s Axioms for Normalization
Transitivity: if X2V, Y2Z, then X>Z



Probabilistic Functional Dependencies
(pFDs)

Why probabilistic FDs?

Definition of a probabilistic FD (pFD)
X —2PA, pis the likelihood of FD holds in general

Related work

— TANE [Hiihtal
IAINLC [rurilail

—-\ |
— CORDS [llyas et al. 2004]

The new challenge: from single large table to many,
potentially incomplete and dirty tables
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* Probability of pFD over single data source R
> vyeDyg |Va VX|

— Per-Tuple counting:  Pr(X — A, R)pgaTupe =

ZVXE'D}? ‘VX‘
E Va,Vx
— Per-Value counting:  Pr(X — A, R)peryaius = VXEE;? | i
X
* Probability of pFD over multiple data sources
_ Merge pFDS: P‘.—“(X —* A,S)MERGEFD = Z PT(X e A?R)
ReS

— Merge Data



Results for pFDs Generation
Algorithms

precision recall
W MergeFD- 1 1
PerTuple 0.8 - 0.8
vici gCrL)- 0.6 - i 0.6 -
Pervalue 0.4 - 0.4 -
0 MergeData- 0.7 - — 02 -
PerTuple 0

] MergeData- 0
Pervalue people  course bib people course bib

Number of data sources: 50 -- 600



Appl: Normalize Mediated Schema

abstract

paper

ages ,
Pag title

year

location
venue
place

Example (1)

issn
author eissn
authors
author(s) subject
journal Title subjects
key words journal
editor
conference
rneeﬂpg school
colloquium company
website association
date position

dates



Appl: Normalize Mediate Schema

Example (Il)

- Paper Journal
—— eissn
abstract issn
author
authors
paper
pages title author(s) subject
—_ journal title subjects
key words journal -
year
editor
conference
meetl.ng school
colloquium
company
\ association
address date Sosition
dates

country Editors
city Conference 10
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* Prune pFD set
— Prune low-probability pFDs
— Prune pFDs that can be generated by transitivity

paper 0.95 issn
author 0.95_ iitle 0.95
authors 0.9 092
author(s) journal title L¥ susject
journal ' subjects
e Avoid over-splitting
confer(?nce zip 0.95
meeting
colloquium 1.0 0.9 city

address
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Domain Mediated Schema Normalized Schemas
People | (organization, name, country, work phone, zip, city | Organization(organization, country, zip, city, address, fax)
address, fax, title, email, state) People(name, work phone, title, organization, email, state)
Course (catalog number, class number, section, units, Course(catalog number, location, subject, units,
location, subject, fee, time, title, instructor class number, fee, institution)
days, institution, catalog number, term) Class(class number, section, time, title, instructor, days,
catalog number, term)
Bib (journal title, title, id, subject, source, eissn Journal(journal title, issn, subject, source, eissn)
authors, volumne, years, issue, issn) Article(title, id, authors, volumne, years, issue)

Table 4: Results for mediated schema normalization application using pFDs.

12
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e Structured data sources from the Web can be dirty

Alice Boston /02101,USA
Bob Seattle | 98101,USA
Cathy Chicago! 60601,USA

David New 12201,USA
York

Alice  IBM email Alice | USA Boston
Bob Google email Bob us Boston
Cathy Yahoo email Cathy | u.s.a Boston

David MSR email David | United/ Boston
States

 We report data sources that violate pFDs with high probabilities:
Results People: 3 out of 3 reported are dirty
Course: 31 out of 80 reported are dirty (estimate total 66)
Bib: 3 out of 7 reported are dirty
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 Web-scale data integration can only afford to pay-as-you-go

e Automation is the key
— Automatically setting up mediated schema, mapping
[Das Sarma et. al. 2008]

— Automatically measuring and improve the quality of data integration
* Measuring quality of data sources
 Measuring and Improving quality of mediated schema, schema mapping, etc.

e FD-based Quality Measuring and Improvement
— Identify dirty data sources
— Improving mediated schemas



 Automatic mediated schema design for millions of
HTML tables

— Domain cluster (clustering over source schema)
— Entity/Relationship cluster (clustering + pFD normalization)
— Attribute cluster (synonyms + string similarity)

e Related Issues
— Scalability
— Visualization



