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Talk Overview

Background - brief (selective) history
m Entity resolution (data matching)
B Schema mapping
Bringing data and metadata alignment together
m Ontologies
The ILIADS method
m First stab at these issues
Experimental evaluation
® \What works well and what doesn't
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From Webster...

Main Entry: align‘ment Variant(s): also alinement \a-
ITn-mant\ Function: noun Date: 1790 1: the act of

or state of being ; especially : the
proper positioning or state of adjustment of parts (as
of a mechanical or electronic device) in relation to
each other

Information alignment: the process of finding, modeling
and using the correspondences or connections that place
information artifacts in relation to each other
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Project Origins

Alignment of research programs and background

» Professor Lise Getoor, Univ. Maryland, College Park
- Machine Learning
- Expert in entity-resolution, statistical learning
e Myself
- Data Management
- Schema mapping, data exchange
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Data Alignment (Matching)

Detecting instances (tuples or records) that represent the
same (semantically related) real world entity

Very well studied problem with many names: data
matching, deduplication, merge/purge problem, entity
disambiguation, duplicate detection, record matching,
identity uncertainty, instance identification, object
identification, co-reference resolution, reference
reconciliation, record linkage, database hardening, fuzzy
matching, entity resolution.....
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Example: Citation Data

3/15/09

L. Breiman, L. Friedman, and P. Stone, (1984).
Classification and Regression. Wadsworth, Belmont,
CA.

Leo Breiman, Jerome H. Friedman, Richard A. Olshen,
and Charles J. Stone. Classification and Regression
Trees. Wadsworth and Brooks/Cole, 1984.

R. Agrawal, R. Srikant. Fast algorithms for mining
association rules in large databases. In VLDB-94,
1994.

Rakesh Agrawal and Ramakrishnan Srikant. Fast
Algorithms for Mining Association Rules In Proc. Of the
20th Int'l Conference on Very Large Databases,
Santiago, Chile, September 1994.
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Example: Customer Data

e Name: Preetam Maloor
Address: 18055 Cottage Garden Dr, Germantown, MD

e Name: Maloor, P
Marital Status: Single
Occupation: Research Engineer

e Name: Preetam A. Maloor

Type of Housing: Rent
Location: Germantown, MD
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Schema Alignment (Matching)

Detecting schema objects (e.g., attributes) that are
semantically related

Very well studied problem leverages many different
inference techniques

Both data and schema matching make use of
similarity measures based on:

e Lexical similarity, structural similarity, semantic
similarity, etc.
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Writes Keywords
PubID PubID
Author— Keyword
Publication
PubID
DateAdded TechnicalReport | —1
Source PubI?/////,////’//////////
Title
Instituation —
JournalArticle 1 Number
PubID/
Journa 2 e
Year /////,,,///”’,,
Vdume//////////— Title
Number Conference
Pages Year

& J

Curated Publication Database
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Schema Matching Example

BibEntry
BibId

- Title

L Authors
Publisher
Booktitle
Editor
—Volume
Number
~ Keywords

Web Publishing




Interpreting Matches

Suppose we want to translate data from source to
target (data exchange) or query target data using
source schema (data integration)

Matches do not give sufficient information to
transform data (maintaining semantics of the data!)

 How is a BibEntry tuple created?

Writes

oo BibEntry
: bib1
= Ul J. Smith
JournalArticle Alignment, Solved!

908765
Alignment, Solved! /
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Leverage attribute matches
o User friendly
e Automatic discovery
Preserve data semantics
e discover data associations
e use constraints and schema
structure
Model incompleteness
e generate new values for data
exchange
Produce correct grouping

apping Creation (Clio)

Many meanings of a line: STBenchmark Alexe, Tan, Velegrakis, VLDB08

3/15/09

Bcio -lojx]
File Database Mappings JoinTerms Query
g Sourcel @ Target @ Schema View | 501 Queryl
Source Schemas | Target Schema |
EE expenseDB: Record ﬁ EE statisticsDB: Set ﬁ
=] @ ASetof (?) =-EEf cityStatistics: Record
=B company: Record & @ ASetof (?)
—p @ cid —_— =-EER organization: Record
o name————————— | —P @ cid
@ cit —> @ cnane
=g A Setof (2) =-EF ASetof (?)
=B grant: Recol =-EH funding: Record
— @cid P @ gid
@ gid @ project
@ anount o @
@ project @ recv
=G ASetof (2) =-E5 ASetof (?)
=8 project: Record = financial: Record
@ name i .
@ year \\—b - ] gb
@ date {2)
=5 ASetof (2)
=6 project: Record
@ nane
@ year
J @ city J
sl sl
Ho Connection Ho File
11
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Mapping Generation

Mapping: Vx ¢g(x) — 3y y(x, y)
e Query on source contained in query on target (¢, € )
How do we find source (¢.) and target (y,) queries?

* Use chase [Maier, Mendelzon, Sagiv 79] to find connections
within the schemas.

e Originally defined to solve inference problem for relational
dependencies.

» We use it to generate possible alternative representations of
information (associations).

- Generalized to nested-relational model [Popa et al, VLDB02]

- Generalized to discover grouping and correlation semantics
[Fuxman et al, VLDB 006]
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- Associations

cityStat: Rcd

expenseDB: Rcd 1
- ity
companies: Set of Red .
company: Red orgs: Sje; 0§ Red
cid org .df’
name ci
i name
cit
: fundings: Sef of Rcd

grants: Set of Red

funding: Rcd
t: Red ]
ey —
o aid
amt 2 3 -
financials: Ser 0@
sponsor :
3 financial: Rcd
project TR
date
amount
company(CID,N,C) cityStat(C,0s),0s(CID,N)
company(CID,N,C),grant(CID,GID,A,S,P) cityStat(C,0s),0s(CID,N),
funding(GID,P,AID),
financial(AID,D,A)

Red Arrows are referential constraints like keyrefs in XML
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ssoclations
expenseDB: Rcd citZiSt;at: Red
. orgs: Set of Red
cid : pro: Red
T l— .l
grants: SZ;Zf Red U fundings: Set of Rcd
grant: Rcd funding: Rcd
.cid  > gid
oid — proj
:Ir)r:ltnsor\ financials: Set @
project fi : *cd
company(CID,N,C) — 3C,CID’,0s  cityStat(C’,0s),0s(CID’,N)
company(CID,N,C),grant(CID,GID,A,S,P) cityStat(C,0s),0s(CID,N),
funding(GID,P,AID),
financial(AID,D,A)
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- Associations

cityStat: Rcd

expenseDB: Rcd cit
. 1 y
companies: Sef of Red -
company: Rcd M, M, St Sje; Oé Red
cid e 'dp
o O /\ J’ Icllame
cit
> — fundings: Set of Rcd
grants: Set of Red R
grant: Red “I;i(;n REALS
id
B proj
rii [ ey Roseh
G
am financials: Set @
Sponsor G
project et

company(CID,N,C) — 3C,CID’,0s  cityStat(C’,0s),0s(CID’,N)

company(CID,N,C),grant(CID,GID,A,S,P) — 3C,CID’,0s,  cityStat(C’,0s),0s(CID',N),
P’,AID,D funding(GID,P’,AID"),
financial(AID’,D,A)
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Tk Ovenview

Bringing data and metadata alignment together

3/15/09
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Alignment

o Separate tools used in data and metadata
- Advantages to be found by leveraging different tools

e Alignment results often separated from their modeling
and use in integration

» Alignment discovery needs to be aware of how alignments
will be modeled and used

Information alignment: the process of finding,
modeling and using the correspondences or
connections that place information artifacts in
relation to each other

3/15/09 Renée J. Miller - INFINTO9
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Ontology Alignment

Ontology
m Data (instances)

m  Structure
= Properties
= Inheritance hierarchy

m  Constraints (axioms)

Alignment

m  Goal is to leverage entire ontology for better
alignment

3/15/09 Renée J. Miller - INFINTO9
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———

Defining the terms

Entity: everything that has an URI identifier (plus
literals)

Ontology: software artifact consisting of classes,
instances, facts, axioms

Alignment: given two ontologies, find relationships
between their respective entities

Integration: merge two ontologies under a set of
alignments to obtain a consistent result

3/15/09 Renée J. Miller - INFINTO9
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xample OWL Lite ontologies

Pathogen

subCiassOf

&
&

subClassOf

Micro-
organism

subClassOf “subClassOf

‘

A

subClassOf

Bacterial

\ N T —_rdf:itype
rdf:type rdfitype l Pneumonia
subClassOf subClassOf yp WP subClassOf rdf'type' Saimonalia
> — rdf:type™ % i enterica
. . . typ Escherichia himuri
Bacterial Viral E Coli Salmonella Bacterial W associated Coli ’ typhimurium
Infection Infection O157:H7 enterica Infection With O167-H7 rdf:type DT104
4 ;4 7 rdf:type | 7 ol
subCIassOfa,____a subClassOf Sronchit ) rdf:type
rdf:type - ronchitis | , Escherichia
Food ~_ causedBy ’ ; Sal Il
oY dB FoodBorne \ — dgy v  Coli aimonelia
Poisoning C?Use y Disease cause V ' LT cholerasius
AV—__ rdfitype” . — .. causedBy ' —~
. riskFactor A rdfitype § causedBy
rdftype rdfitype < T Do / rdf:gypefe“ _‘?:t:j;:'df-FYPf_n__: : causedBy
. E-Coli |/ |Salmonella { Gastro- rdf:type .
e Poisoning Poisoning enteritis / | ECo Salmonella | | Cholera
- [ Acute resultsFrom v
averageCases— discoveredBy discoveredBy averageCases S\at:tr:tci)s d|sco%erer discoverer
o Daniel —a T lS
anie .S.
73,000 neodor Elmer 40,000 Esherich | |0 Salmon
Salmon

rdf-type rdf:typé

rdf:type rdf-type

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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organism

Micro-

Pathogen

subClassOf subClassOf ubClassOfy— SubClassOf
Bacteria
Bacterial
. , —rdfitype
subClassOf subClassOf ~ rdfitype “rdftype subClassOf | Pneumonia df e' Salmonella
_ rdfitype \ ;
N rdf: S R enterica
. . . typ Escherichia : :
Bacterial Viral E Coli Salmonella Bacterial ¢ associated Coli ’ typhimurium
Infection Infection O157:H7 enterica e With ote7d7 | | oPe DT104
~ y4 7 rdf:type | 7 ol
subCIassOfa,____a subClassOf Sronchit ) rdf:type
rdf:type B ronchitis | , Escherichia
Food Cause Y FoodBorne S l Coli Salmonella
Poisoning e C?UsedBY Disease Ca‘f?edBY‘ T cholerasius
TV rdftype” . — . causedBy ' -
. riskFactor A rdfitype s causedBy
rdftype  rdftype vV / rdf;gy'pef?* _f?:tz*_i5_~;fff-3¥P_‘E_i:__iu“ [
. E-Coli |/ |Salmonella { Gastro- rdf:type .
Botulism Poisoning Poisoning e / E-Coli Salmonella Cholera
T i [ Acute resultsFrom v
averageCases—discoveredBy discoveredBy —averageCases Gastfc? d|scoY¢rer d|scov§rer
enteritis /
“ ; Baniel - T.S
anie g
73,000 HIiEsie Elmer 40,000 Esherich | |D-Salmon
Escherich
Salmon -
i rdfitype rdf-type

rdf-type rdf:typé

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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xample al

ignmen

. ‘ Pathogen
subClassOf subClassOf € 7 ubClassOfy— SubClassOf
Bacterial
i} o owl:equivalentClass —_rdf:type
rdftype rdfitype ‘ { Pneumonia
subClassOf subClassOf yP WP subClassOf rdf'type' Saimonalia
= . rdf:type™ % i enterica
B . " . typ Escherichia himuri
acterial Viral E Coli Salmonella Bacterial ¢ associated Coli ’ typhimurium
Infection Infection O157:H7 enterica e With ote7d7 | | oPe DT104
~ 7 rdf:type | 7 ol
subCIassOfa,____a subClassOf Sronchit rdf:type
rdf:type B ) ronchitis | Escherichia
Food cause Y causedB FoodBorne \ " causedBy 7| Coli Saimonella
Poisoning ~_ = y Disease Dedey ‘ cholerasius
AV rdftype” . — causedBy ' ;
. ~_* riskFactor A rdfitype § causedBy ad
rdftype rdfitype—< % / rdf:{ypeZT’ f?:f_j:t:f?fltyp_e»_»P__:x' causedBy
. E-Coli |/ |Salmonella { Gastro- rdf:type .
Botulism Poisoning Poisoning e / E-Coli Salmonella Cholera
= [ Acute resultsFrom v
averageCases— discoveredBy discoveredBy averageCases S\at:tr:tci)s d|sco%erer discoverer
. Daniel = T .S
anie .S.
73,000 ity Elmer 40,000 Esherich | |D-Salmon
Escherich
Salmon

rdf-type rdf:typé

ts

rdf:type rdf-type

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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. ‘ Pathogen

subClassOf subClassOf € 7 ubClassOfy— SubClassOf
i} o owl:equivalentClass —_rdf:type
rdf:type rdfitype ‘ { Pneumonia
subClassOf subClassOf yP WP subClassOf rdf'type' Saimonalia
= . rdf:type™ % i enterica
i i i ) ty P Escherichia himuri
Bacterial Viral E Coli Salmonella Bacterial ¢ associated Coli ’ typhimurium
Infection Infection O157:H7 enterica e With ote7d7 | | oPe DT104
~ ;4 7 rdf:type | Fd ’
subCIassOfa,____a subClassOf Sronchit ) rdf:type
rdftype  aused ) ronchitis | , Escherichia| /
Food ~Gau Y FoodBorne\ —— 4 Coli /| Salmonella
Poisoning cgusedBy Disease cau§edB¥ ' LT cholerasius
Y rdftype” .., ~owl:equivalentProperty Pl causedBy A -
rdftype  rdfitype—< ﬂ_ﬁnskFacK'o / ""‘“r-df'{ype:"j“i-ﬁ»,_“rdf:type . ycaused,gy
, ) L ~ rdftype~ o T T
' E-Coli |/ |Salmonella  Gastro- rdf:type '
Botulism Poisoning Poisoning e / E-Coli Salmonella Cholera
= [ Acute resultsFrom v
averageCases— discoveredBy discoveredBy averageCases S\at:tr:tci)s d|sco%erer dlscov’;erer
“ - Daniel = =G
anie .S.
73,000 Theodor Elmer 40,000 Esherich | |- Saimon
Escherich s
almon

- z rdf:type rdf-type
rdf:type  rdfitype

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)

23




. ‘ Pathogen

subClassOf subClassOf € 7 ubClassOfy— SubClassOf
Bacteria Infection i
Bacterial
\_ —— owl:equivalethIass ' ~—rdf:type
subClassOf subClassOf rdftype “rdf:type subClassof | Fneumonia df e' é—éiﬁonella
N _ rdf: S enterica
B o ; ; . typ . Escherichia himuri
acterial Viral E Coli Salmonella Bacterial ¢ associated Coli ’ typhimurium
Infection Infection O157:H7 enterica e With ote7d7 | | oPe DT104
4 54 —rditype~ | 7 ’
subCIassOfa,____a subClassOf Sronchit ) rdf:type
rdf:type dB ) ronchitis | , Escherichia| /
Food ~ausedBy FoodBomne —— 4  Coli /| Salmonella
Poisoning cgusedBy Disease cau§edB¥ ' LT cholerasius
Y rdftype” .., ~owl:equivalentProperty Pl causedBy A -
rdf:type rdf:(yp‘e"""---..,,x_ .--'-"’nSkFa(K'o / "';"'rdf'{ype»»’"f'ij*»nn"df{type / ycausedBjy
% ) rdf,type--..,,av_i g =
. E-Coli |/ |Salmonella { Gastro- .
Botulism Poisoning Poisoning e E-Coli Salmonella Cholera
averageCa§es——*"‘di$coveredBy discoveredBy a»?w!,s_am?As enteritis ) rer dlsmvgrer
“ - Daniel = =G
anie g
73,000 HIiEsie Elmer 40,000 Esherich | |D-Salmon
Escherich
Salmon

- z rdf:type rdf-type
rdf:type  rdfitype

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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" Inference in OWL (Lite)

A tableau-based method
Example tableau rule:

(0, p' 0,)

Example inconsistency:

(0, owl:sameAs 0,) (0, owl:differentFrom o,)
b

3/15/09 Renée J. Miller - INFINTO9
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xample inference

Micro- Pathogen
organism
subClassOf “subClassOf .

subClassOf subClassOf subClassOf
’ ‘

Bacterial

N T~ ) —rdf:itype
subClassOf subClassOf rdf:type 'df:tVEg% subClassOf l FLZ LTI, rdf'type. Saronala
. rdf:type 5 ) enterica
. . . typ Escherichia hi :
Bacterial Viral E Coli Salmonella Bacterial ¢ associated Coli typhimurium
Infection Infection 0157:H7 enterica Infection ~ With O157:H7 rdf:type DT104
y 4 y 4 : rdftype | = | S
subCIaSSOf”""--..\E g subClassOf . it rdf:tylpe
rdf:type B ," ronchilis | / Escherichia| /
Food ~. causedBy FoodBorne\ —— ‘ 4  Coli /| Salmonella
Poisoning P czjlusedBy Disease cau§edB¥ / LT cholerasius
TV rdftype” . — causedBy :
N ST riskFactor” “=rdf:itype__ causedBy =
rdftype rdfitype—< -~ SNl /. df.““‘)oeypen —/_rdfitype causedBy
| fm— owl:sameAs o — < =
. E-Coli |/ |Salmonella | Gastro- rdf:type '
Botulism Poisoning Poisoning e / E-Coli Salmonella Cholera
= [ Acute resultsFrom v
averageCases— discoveredBy discoveredBy averageCases ec;mat:tr:tci)s d|sc0\:erer dlscovferer
“ Bankl — Ts
anie .S.
73,000 ity Elmer 40,000 Esherich | |D-Salmon
Escherich
Salmon -
> rdfitype rdf-type

rdf-type rdf:ty[;e
Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl:TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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’ Pathogen

subClassOf SUbCI?,SSOf VVSUbC.ESSOf subClassOf subCIassOf
AN \ . y—rdf:type
subClassOf su . prekiien ) =
(discoveredBy, ; arips \ [ Samonela
: Escherichia S——
Bacterial uy ; " typhimurium
Infection OWI - I nve rseOf! 5soglated Coli rdf:type DT104
. With | 0157:H7 | \ —
~ A
SubCmGOR_ discoverer) VA N
~~ S / | A
rdf:type / Escherichia| /
Food typ"‘--\fa,':'s / P Coli Salmonella
Poisoning causedBy TV cholerasius
- /
N~ df: causedB
rdf:ty;;e rdf: ly-l?)er type '___\rdztype c?»l’] seclE”ycausedByy
S -owl:sameAs — <
. E-Coli |/ hella { Gastro-
Botulism Poisoning e Salmonella Cholera
I ™ Gast 3 iscoverer di y
averageCases- dlscov%dBv discoveredBy “averageCases enatir:v?; ) Iscoverer
P v |scoverelg+ | e discoveredBy _—
aniel
73,000 neodor Elmer 40,000 k| Esherich | | D Salmon
Salmon

N rdf:type rdf-type
rdf:type  rdfitype

Researcher
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xample inference
& = &

subClassOf subClassOf subClassOf
’ Bacterial
N - P A — __rdf:l)@_e
subClassOf subclgssof rdf: type rdf:tyggr subClassOf | neumonia o e. \ ST
= N —~ enterica
Bacterial Viral E Coli Salmonella Bacterial Esciﬂ'Ch'a i typhimurium
Infection Infection 0157:H7 enterica Infection
4 P .
subClassOf e wons  (discoveredBy, owl:type,
rdf:type . F
Food ~CausedBy « owl:FunctionalProperty)
Poisoning DAy cgysedBy

rdf type o > -
LN e riskFactor causedBy g
rdf:type  rdfitype— S O z
% s P — — -owl:sameAs — /ca”sedBy
. E-Coli Salmonella ‘\1 Gastro- rdf:iype
Botulism Poisoning Poisoning e / Salmonella Cholera

) 7
discoverer discoverer
/ v"'

= — ~
averageCases dlscov%dBv discoveredBy averageCases
3 <

a |scoverelg+ | e toveredBy _—
aniel el
73,000 i eeer Elmer 40,000 Echoricn | |P- Salmon
Escherich e ,
—— owl:sameAs rdf:type rdf.type
rdf:type  rdfitype
Researcher

3/15/09 Renée J. Miller - INFINTO9 28




The alignment problem

Find a set of triples (entity, relation entity,) where:
* entity,, entity, are entities from the two ontologies

e relation is one of
» subClassOf, equivalentClass, subPropertyOf,
equivalentProperty, sameAs

For integration, the union of the ontologies and the
alignment must be consistent.

3/15/09 Renée J. Miller - INFINTO9
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- Talk Overview

B Background - brief (selective) history
B Bringing data and metadata alignment together
® The ILIADS method

B Experimental evaluation
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" ILIADS - Ontology Alignment

Produce Ontology alignments by
O using instance similarity measures and

O using logical inference (e.g., in OWL) to estimate
quality of alignment

Parameterize the method such that
O it can be adapted for a wide variety of inputs
O the parameters can be adjusted with minimal effort
based on the input ontologies

SIGMOD 2007 - Octavian Udrea, Lise Getoor, Renée J. Miller
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Aligning Ontologies

|deally, alignment should be treated as an
optimization problem

e Choose candidate pairs to maximize an ontology-level
similarity measure

» Unfeasible in practice (open question)

To approximate, existing tools use locally computed
similarity measures

e Often, this means the “big picture” of the search space
IS ignored

3/15/09 Renée J. Miller - INFINTO9 32




Micro-
organism

ncremental methods

Pathogen

subClassOf subClassOf 'S“b‘?__!fsso‘ subClassOf subClassOf
CORCOCY
) . : ~~~\_rdf:t¥pe
subClassOf subClassof ~ rdfitype rdfitype subClassof /| Fneumonia i 4 Samondia
\ - rdf:typel .
S \ rdf: e 1 - \ enterica
. . . typ Escherichia himuri
Bacterial Viral E Coli Salmonella Bacterial \/ associated Coli \ typhimurium
Infection Infection O157:H7 enterica hfection With O157:H7 rdf:type DT104
~ d . 7
i o~ rdf:type ™~ | A ‘ -
subClassOf-.__ subCIt: ssOf rdf:type
rdf:type d'B’ ,, Bronchifis ) Escherichia
Food causedBy FoodBorne\ —— g <  Coli /| Salmonella
Poisoning ~ causedBy Disease causedBy LT / cholerasius
' / 7
J <~ - causedBy f
e ~ A rditype g causedBy el
vrgf.type ‘ i - - 0.59 . \ ‘____rdf._typ_e__:?"_:_————‘ fgusedBy
) E-Coli Salmonella " Gastro- rdf:type | )
Botulism Poisoning Poisoning enteritis ‘ | EColi Salmonella Cholera
T _ ™ Acute resultsFrom .
averageCa_ses——""’discoveredBy discovel T 5 e eGr‘f::gtis © ferer dlsoov“‘erer
- o - Ts
anie! .S,
73,000 Iicee s Elmer 40,000 Esherich | |- Saimon
Escherich
Salmon -
rdf:type rgf.type

rdf:type rdf:ty;;e

3/15/09 Renée J. Miller - INFINTO9
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ncremental methods

3/15/09

Micro-
organism

‘ Pathogen

subClassOf subClassOf " subClassOf subClassOf subCiassOf

Bacteria Infection ;
Bacterial

subClassOf Vﬁ\subC\:JassOf f6f3‘)V;l;;n%rdf:tyﬂf_ This score is hi g h enou g h ’

\

Bacterial Viral E Coli Salmonella so we commlt to the
Infection Infection O157:H7 enterica o =
> . owl:sameAs relation
subCIassOf " g ‘ Tarype
~~ y sfonchitis | / L ) =
rdf:type f e Escherichia | /
Food P ca}lsedBy g 4  Coli /| Salmonella
Poisoning P ca}lsedBv caui_sedBy_/ LT / cholerasius
. > causedBy .
< riskFactor causedBy g
rgf:type ~ P \\\\ '_____rdf:_typ_e___ Pz causedBy
) E-Coli |/ |Salmonella rdf-type | '
Botulism Poisoning Poisoning ‘ | EColi Salmonella Cholera
— ™ Acute resultsFrom .
e . i Gastro-_4_ overer discoverer
averageCi§es——" discoveredBy discove g8l wl:sameAs=—t=gn e /
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ncremental methods

subClassOf

=

Micro-
organism

subClassOf 'subQIassOf

rdf:typ;“““‘“rdf:type

Pathogen

subCiassOf

subClassOf

subClassOf \subCIassOf .
, \ ~ This changes the scores
Bacterial Viral E Coli Salmonella =
Infection Infection O157:H7 enterica Of th e n e I g h bo I'S
o~ o~
subCIassOf l ‘ Tarype
~_ P Bronchitis | / e B
rdf:type f e Escherichia
Food P ca}lsedBy sBorne g 4  Coli /| Salmonella
Poisoning P causedBy Disease causedBy - LT / cholerasius
J . > dBy /
< _riskFactor \ ca/gse causedBy P
rqf:type ~ NG '_____rdf:_ty_p_e_ / causedBy
P _ . ~ <~
) E-Coli Salmonella °{ Gastro- rdf:type | '
Botulism Poisoning Poisoning enteritis ‘ | EColi Salmonella Cholera
T — ™ Acute resultsFrom .
— . [ Gastro-_4_ overer discoverer
averageCi§es——" discoveredBy discove wl:sameAs=—t=gn e /
“ o - T.5
anie .S.
73,000 UIEZEET Elmer 40,000 Esherich | |D-Saimon
Escherich
Salmon

rdf-type  rdf:type
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rdf:type rdf-type

Researcher
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ncremental methods

3/15/09

Micro-
organism

‘ Pathogen

subClassOf subClassOf 'S“bQ!fssof subClassOf subCiassOf
Bacteria Infection ;
Bacterial
subClassOf ‘subClassof  rdftype nn\“"deE? T h IS IS ag ain h Ig h =
Bacterial Viral E Coli Salmonella e n o u g h J So We h ave
Infection Infection O157:H7 enterica =
= found another alignment
subCIassOf g ‘ Tarype —
~ y Bronchitis | / ——
rdf:type f e Escherichia
Food YPe_causedBy Ao /1 coli |/ | Samonella
Poisoning P ca}lsedBy Disease caui__sedBy_/ LT / cholerasius
. > causedBy .
< riskFactor causedBy g
rdf:type _—y \\\\ ~_rdf:type y causedBy
) P - S~ ‘/ ~ “_‘;——"-<____‘
) E-Coli |/ |Salmonella °{ Gastro- rdf:type | '
Botulism Poisoning Poisoning enteritis ‘ | EColi Salmonella Cholera
T — ™ Acute resultsFrom .
— . [ Gastro-__4= overer discoverer
averageCi§es——" discoveredBy discove wl:sameAs=—t=gn e /
e + B + ' A Ts
anie .S.
73,000 UIEZEET Elmer 40,000 Esherich | |D-Saimon
Escherich
Salmon

rdf-type  rdf:type

Renée J.

rdf:type rdf-type

Researcher
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The core of ILIADS

Compute alignment candidates based on well
established methods

e Lexical, structural, extensional similarity
In addition, evaluate how “good” a candidate pair is

based on the logical consequences of asserting the
alignment

» We call this “inference similarity”

e Essentially a look-ahead that estimates the impact of
the alignment on the global similarity score

3/15/09 Renée J. Miller - INFINTO9
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The ILIADS algorithm

repeat until no more candidates
Compute local similarities
Select promising candidates

For each candidate
a. Perform N inference steps
b. Update score with the inference similarity

Select the candidate with the best score
end
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* Computing similarity

repeat until no more candidates
Compute local similarities
Select promising candidates
For each candidate

a. Perform N inference steps

b. Update score with the
inference similarity

Select the candidate with the
best score

end

3/15/09 Renée J. Miller - INFINTO9

sim(e,e’) =)\x Simlexical(eae’)'l'
A, SiM e,e’)+
)\e Simextensional(e’e’)
Lexical similarity: Jaro-Winkler
and Wordnet

Structural similarity: Jaccard for
various neighborhoods

Extensional similarity: Jaccard
on extensions

Select candidates with sim(e,e’)
above a threshold

structu ral(
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Performing inference

repeat until no more candidates
Compute local similarities
Select promising candidates

For each candidate
a. Perform N inference steps

b. Update score with the
inference similarity

Select the candidate with the
best score

end

3/15/09 Renée J. Miller - INFINTO9

For the candidate pair (e,e’):

Select an axiom and apply the
corresponding rule

The logical consequences are
the pairs of entities (e, el))
that have just become
equivalent

Repeat a small number of
times (5)
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Updated score

repeat until no more candidates
Compute local similarities
Select promising candidates
For each candidate

Perform N inference steps

Update score with the
inference similarity

Select the candidate with the
best score

a.
b.

end

3/15/09 Renée J. Miller - INFINTO9

For the candidate pair (e,e’):

Compute the product P of
sim(e®, el)) / (1 — sim(e®, el)))
over all logical consequences

simupdated(e,e’) =sim(e,e’) * P

41




- Example inference similarity
& o o

subClassOf subClassOf subClassOf
’ Bacterial
/N N T P —__rdftype
S rdf:type rdfitype neumonia —
subClassOf subCI\assOf yp WP subClassOf rdf'type. \ T
N \ rdfitype™ 1 ' ' enteric
i i i ty P Escherichia :.e” a
Bacterial Viral E Coli Salmonella Bacterial ¢ associated Coli \ typhimurium
Infection Infection 0157:H7 enterica Infection With O157:H7 rdf:type DT104
-~ - X rdf:type | 7 | /!
subCIassOf»»»,___\a p subChissOf . » / rdf:tylpe
rdf:type causedé yd ronchitis Escherichia| /
Food ~cau Yy dlB‘ FoodBorme aB <  Coli /| Salmonella
Poisoning P cziuse y Disease cau§e y T e
IV df: type _ < —_ causedBy f = 4
e ~ _riskFactor A rdftype v g causedBy
rdftype rdf: lype e L ifige ;::A'idf-_‘YP_‘f_E_/:i* causedBy
. E-Coli Salmonella { Gastro- rdf‘pre )
Botulism Poisoning Poisoning e / 4 E-Coli Salmonella Cholera
— _AcFresultsFrom S
—~ | T~ ~ _ o .
averageCases— discoveredBy discoveredBy averageCases S\at:tr:tci)s d|scov‘erer dlsoovferer
“— Daniel — Ts
anie .S.
73,000 HIEsie Elmer 40,000 Esherich | | D Salmon
Escherich
Salmon -
.- W rdfitype rdrtype
rdf-type ™ 'rdf-txpg._ oo’
....""'0.6.-------"" Researcher
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Xam

ple inference similarity
e ©

subClassOf SUbC|?/SSOf "S”bc.__!fSSOf subClassOf subClassOf
Bacteria Infection i
Bacterial
) = ) —rdf:itype
bCiassof s We assume this =~ ywumons e
" u u = rdftyp \\. aITOI:le"a
enterica
o candidate pairis in a | T resarwicna) |\ | oo
: Coli "
Infection . = . rdf:type DT104
owl:sameAs relation i Lotsm || —
subClassOf-_ F i /" rdftype \
before starting inference /_ .|/ %
rdf:type causedBy Escheri.chia
Food S causedBy OodBorne causedBy 7| ol salmonella
Poisoning N Disease LT cholerasius
AV~ rdftype” . < — .. causedBy : —
- N Z riskFactor —rdf:t causedBy
rdftype rdftype < T T 0.5 mf,}‘vneipg z—rdftype - causedBy
. E-Coli Salmonella \‘ W Gastro- rdf:iype .
Botulism Polsoning Poisoning e / | E-Coli Salmonella Cholera
T — [ Acute resultsFrom .
— | \”n-,,___\ _ ~ . .
averageCases—discoveredBy discoveredBy ~averageCases S\at:tr:tci)s d|sc0\cerer discoverer
" \A / /
Daniel T.S.
73,000 HIEsie Elmer 40,000 Esherich | | D Salmon
Escherich
Salmon fartype v,
- . ‘type rdftype
rdf:typ?a"rdflxpg.. e i i
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xample inference s
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Micro- Pathogen
organism
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(discoveredBy, : i Sree
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Bacterial . ; " typhimurium
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rdf:type  rdfitype

3/15/09

Researcher

Renée J. Miller - INFINTO9

44




Remember that during inference,
(E-Coli Poisoning, owl:sameAs,
E-Coli)

Pathogen

subCiassOf

\
\

Bacterial

p N B . —_rdfitype
; rdf:type rdfitype | Pneumonia T
subClassOf SchlanSOf yP tyP / rdftype. \\\ Salmonella
> A — ! — enterica
Bacterial Viral E Coli Salmonella associated Esc'&il'lliCh'a typhimurium
Infection Infection 0157:H7 enterica With O157:H7 rdf:type DT104
Pl g J 7 | ’
subClassOf-._ g / rdf:type
. Bronchitis | / —
rdf:type f yd Escherichia
Food typ"’---\fa":'seday «‘ L g 4  Coli Salmonella
Poisoning P c?ysedBy 03U§9d3¥ LT cholerasius
AV rdftype” < causedBy A —
rdftype rdfitype—< /_"_,nskFla‘gtor\a ~_ 0.5 L rdfp
- N\ t — § b / R -
Botulism E-Coli |/ |Salmonella W Gastro- rgif:type E-Coli sal (d IScove I'ed By 3 OWI . type 3
Poisoning Poisoning enteritis / 5
[ Acute resultsFrom owl:FunctionalProperty)
) b~ Gastro- |* discoverer disco
averageCases—discoveredBv discoveredBy averageCases T 7 /
P ydiscoverer § ~a discoveredBy
Theodor ez
73,000 Escherich Elmer 40,000
Salmon -
‘ype rdftype
rdf:type ~Teés

owl:sameAs Researcher
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Pathogen

Con
L ] * —_— N
subCi Updated score: .5*1.5=7.5 subClassOf
Infe Bacterial
N T~ ) —rdf:itype
subClassOf subClassOf ~ rdftype ~rdftype [ Pneumonia . e. ST
N : rdf:typ :
. _+— enterica
Bacterial Viral E Coli Salmonella associated Esc'&%'icma typhimurium
Infection Infection 0157:H7 enterica With O157:H7 rdf:type DT104
o~ N "'-\bf A | </ o
subCIass'Of»,,,___\ rdf:type
Bronchitis e
: f Escherichia
Food rdf.typg\?aqseday ~ ‘ Coli Salmonella
Poisoning N cziusedBy causedBy cholerasius
T e o Causedsfl' h|s is the only logical
rdf:type rdf: lype - p ~ 0.75 mf M)e d
‘ ST consequence.
Botulism E-Coli |/ |Salmonella | Gastro- rdf:type E-Coli Sal q
Poisoning Poisoning enteritis P — 6 l 4 — 1 5
~ [ Acute resultsFrom = = =
averageCases- drscov%dBv discoveredBy ~averageCases ec;]atit:& d|scoY§ er  disca
P ydiscoverer y - discoveredBy
Theodor Daniel T.S.
73,000 Escherich Elmer 40,000 Esherich
Salmon

rdf:type
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owl:sameAs
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€ rdf-type

Researcher
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" The ILIADS algorithm

It is still a local method
o Ultimately, it selects the best alignment after each step

But it estimates the global impact of each alignment
better

e The inference similarity is a look-ahead measure of
how good the candidate alignment is
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Other issues

ILIADS may not produce a consistent result
 Inconsistent ontologies in less than .5% of runs
e Pellet used to check consistency after ILIADS

How do we decide between subsumption and
equivalence for a pair of entities?

How do we select the promising candidates?

How do we choose the axioms to apply in the five
inference steps?

3/15/09 Renée J. Miller - INFINTO9
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Subsumption vs. equivalence

Deciding whether two entities should subsume each
other or be equivalent is not clear-cut

Simple extensional technique to distinguish between

the two cases

e E.g., measure whether the instances of class c are
“almost” the same of those of class ¢’ =>
rdfs:equivalentClass

e If they are a subset, then rdfs:subClassOf

3/15/09 Renée J. Miller - INFINTO9
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Cluster type selection

Existing tools use various strategies to generate
candidates from classes, individuals or properties
ILIADS supports:

 Randomly select from the three types

* Weighted random (more classes than individuals
means classes will be selected more often)

o Classes first / Individuals first
» Alternate at each step
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Axiom selection policies

The number of inference steps is small

» The axioms applied must make a difference
ILIADS always selects from relevant axioms
according to a policy:

e Random

* Property axioms first (e.g, owl:TransitiveProperty)
» Class axioms first (e.g., rdfs:subClassOf)

e Transitive/lInverse/Functional first (since they tend to
“generated” sameAs relationships)

3/15/09 Renée J. Miller - INFINTO9
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- Talk Overview

B Background - brief (selective) history
B Bringing data and metadata alignment together
B The ILIADS method

® Experimental evaluation
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Experimental framework

Pairs of ontologies (from U. Bremen portal)
* Ontologies from 194 to over 20000 triples
Ground truth provided by human reviewers

Comparison in terms of recall and precision with
FCA-merge [Stumme, Maedche IJCAI 01]
COMA++ [Aumueller et al. SIGMOD 053]

Two versions of the algorithm

e Best overall average quality ILIADS — FP
» Best parameters for each pair ILIADS — BP

3/15/09 Renée J. Miller - INFINTO9
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Precision/recall
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3/15/09 Renée J. Miller - INFINTO9 54




Precnsmn/recall comparison

0.8

o Xy
0.6 -
0.5 -
0.4
GO
0.2 -

0.1

O

3/15/09

75-3%

~8.8%

0 0
732% _ 73.9% 73.3% 73077 7053 70.7%
0
60.1%
0.6%
M Precision
[0 Recall
m
ILIADS-FP ILIADS-BP FCA-merge COMA++

Renée J. Miller - INFINTO9 55




0.8

0.7
0.6
0.5
0.4

0.3

0.2
0.1

O

3/15/09

77-2%

recision/recall for ontologies
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False negative analysis

45%

= Equiv. ind.
Equiv. prop.
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inference steps

The number of 5 inference steps was chosen as the best compromise between:

18000
16000
14000
12000
10000

8000

6000

Running time(s]
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2000
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Trans/Inv/Func
Classes first

Prop. first

o & Randomaxiom
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> 5

Cluster type selection policy
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Axiom selection policy
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subCiassOf

Bacterial
. A rdf:type
subClassOf subClassOf ~ rdfitype rdftype SUbClassOf || neumonia ST
» RPN rdf:type‘ :
. . o = s —_ enterica
) . I Escherichia BTG
Bacterial E Coli Salmonella Bacterial ¥ associated Coli typhimurium
Infection O157:H7 enterica Infection /. With . rdf:type DT104
k 0157:H7 7
1\ o i rdf:type .| ‘
subClassOf.__ ' 1 — rdf:type
anf:type causedBy e Escherichia /
o FoodBorne —causedBy ) Coli /| Salmonella
i Disease A v cholerasius
) S ausedi causedBy > 4
rdf:t rdf T pes —_— ~TH
ype . : _rdf-type df:type- T f‘?_gusedBy
-]/ Acute
Botulism P:i;gr?il:\ S:;?;g:gla \ eGnatz:gs Gastro- E-Coli Salmonella Cholera
9 9 enteritis
averageCases ~discoveredBy discove : ’
"
Daniel T.S.
73,000 preodor Elmer 40,000 Esherich | |O-Salmon
Salmon :
rdf:type dsfPe

Researcher

(discoveredBy, owl:inverseOf, discoverer); (discoveredBy, owl:type, owl:FunctionalProperty)
(discoveredBy, owl:inverseOf, discoverer); (associatedWith, owl:type, owl: TransitiveProperty)
(resultsF rom, rdfs:subPropertyOf, associatedWith)
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Choosing the parameters

The structural similarity coefficients strongly
correlate with the average degree of the node

The structural coefficient for classes correlates
with the number of rdfs:subClassOf relationships

The extensional coefficients correlate with the
ratio of instance to classes

3/15/09 Renée J. Miller - INFINTO9

61




—

Parameter sensitivity

Structural coefficients are stable around the ILIADS-
FP setting for 25 out of 30 pairs

e The remaining 5 pairs have large differences between
their average node degrees

Extensional coefficients are stable around the
ILIADS-FP setting for 21 pairs

e The remaining 9 pairs have a low ratio of instances to
classes (< 1.9)
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Experimental results summary

ILIADS has better quality than COMA++ and FCA-
merge, with a significant difference for all pairs with
substantial instance data

Matching properties is the major cause of false
negatives for all three systems, but ILIADS does
better at matching instances

Structural and extensional coefficients correlate with
structural properties and are stable for ontologies
with similar structure
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ILLIADS Summary

New algorithm that tightly integrates statistical
matching and logical inference to produce better
quality alignments

Found intriguing correlations between structure and
matching strategies

Improvement over existing systems

» 25% higher quality than FCA-merge,

* 11% higher recall than COMA++ at comparable
precision
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HOMER Ontology Alignment Analysis
File View

Bacteria
EColi 0157:H7

Salmonela...
Escherichi...
Salmonella...

Escherichi...

Algorithm: ILIADS

Synchronized navigation

Bacterial

Edges Prospective Changes

trace Axioms Console

~

0 Structural similarity score: 0.4 el
Extensional similarity score: 0.5
Final score: 0.1
After logical inference: 0.12
{Salmonella enterica typhirium, owl:same,
SalmonellaEnterica)
This match was chosen by a user.
D Lexical similarity score: 0.537
Structural similarity score: 0.23
Extensional similarity score: 0.307
Final score: 0.414
(Infection, owl:equivalentClass, Infection)
Lexical similarity score: 0.3
D Structural similarity score: 0.4
Extensional similarity score: 0.5
Final score: 0.1
After logical inference: 0.12
(Gastroenteritis, owl:sameas, Acute
Gastroenteritis)
0 Lexical similarity score: 0.78
Structural similarity score: 0.65
Extensional similarity score: 0.32
Final score: 0.728
(Bacterialinfection, owl:equivalentClass, Ba
Lexical similarity score: 0.3
0 Structural similarity score: 0.4

< i : [*]

[«]

HOMER Ontology Alignment Analysis - compar.

Bacteriall...

Algorithm: ILIADS
[ Synchronized navigation

FoodPoisoning

SalmonelaP...

Cholera

Acute Gast...

<(E-coli, owl:sameAs, EColiPoisoning), 0.698>

EColPoiso... Food Borne..
Salmonella
Botulism
e ECO
(E-coli, owl:sameAs, EColiPoisoning)
Lexical similarity score: 0.45
Structural similarity score: 0.488
Extensional similarity score: 0.24
Final score: (before logical inference) 0.465; (after logical inference) 0.698
« dl 23 vl Edges  Prospective Changes
@ B BN % =N Matches User defined Axioms
search >> 83(| Allresults
ands oo Nliller-4NEINTCO
TN IO U aviio TN N U

»

0 Structural similarity score: 0.4
Extensional similarity score: 0.5
Final score: 0.1
After logical inference: 0.12
(FoodPoisoning, rdfs:subClassOf, Food Bo
Lexical similarity score: 0.45

0 Structural similarity score: 0.54
Extensional similarity score: 0.65
Final score: 0.486
After logical inference: 0.569 —
(Condition, owl:equivalentClass, Condition;
Lexical similarity score: 0.3

0 Structural similarity score: 0.4
Extensional similarity score: 0.5
Final score: 0.1
After logical inference: 0.12

¢ [J Prospective matches
{SalmonelaPoisoning, o ameds, Salm
Lexical similarity score 67 |

D Structural similarity score: 0.288
Extensional similarity score: 0.16
Final score: 0.275
After logical inference: 0.399
(E-coli, owl:sameAs, EColiPoisoning)
Lexical similarity score: 0.45

D Structural similarity score: 0.488
Extensional similarity score: 0.24
Final score: 0.465 —

< i = Dl

| Focus H Differences H Delete match |
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Information Alignment: Summary

The process of finding, modeling and using the
correspondences or connections that place
information artifacts in relation to each other

Need new, flexible, adaptive methods for information
alignment which can take context into account and

which can exploit both logical and probabilistic
consequences
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Open Issues

New issues of scale in using alignments
Query-time data and metadata alignment

Notion of multiple alignments; no single one best
Need to keep track and make use of lineage

Need to understand which information is most
informative and useful for alignment: data, structure,
metadata, etc.

Need for methods for evaluation and quality measures
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Thank you

Renée J. Miller
www.cs.toronto.edu/~miller




