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Structured data on the Web %ase Lab

e.g. schema.org, introduced 2011 by Bing, Google, Yahoo, Yandex:

“[In 2014, in] a sample of over 12 billion web pages, 21 percent, or
2.5 billion pages, use [schema.org] to mark up HTML pages, to the
tune of more than 15 billion entities and more than 65 billion
triples”

“Just about every major site in every major category, from news to
e-commerce (with the exception of Amazon.com), uses it”

Source: http://semanticweb.com/schema-org-fires-lit b44380
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Linked Data

A bit older but somewhat more expressive: Linked Data on the Web

Number of Datasets

2014-08-30

2011-09-19
2010-09-22
2009-07-14
2008-09-18
2007-10-08
2007-05-01

570
from ca. 200 crawlable datasets alone:
ca. 200 million triples

295

203
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45

25

12
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Information as RDF graph

LOTR hasAuthor Tolkien .
Hobbit hasAuthor Tolkien .
LOTR hasCharacter Bilbo .
Hobbit hasCharacter Bilbo .
Tolkien bornin SouthAfrica.

authorOf

Orange bornin

Free State

hasCharacter

authorOf

hasCharacter

Bilbo
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DBpedia: LOTR page

hitp:fupload wikimedia. orgfwikipedia/commonsAhumbAa2 m_lotr_cover_design.jpg/200px-Jrt_lotr_cover_design.jpg

dbpedia-owl: thumbnail
dbpedia-owlwikiPageExtermalLink

dbpprop:authar
dbpprop:books

dbpprop:country
dbpprop:expiry
dbpprop:genre

dbpprop:hasPhotaCollection
dbppropiimageCaption
dbpprop:language
dbpprop:mediaType
dbpprop:name
dbpprop:pages
dbpprop:precededBy
dbpprop:pubDate
dbpprop:publisher
dbpprop:small
dbppropwikiPagellsesTemplate

determs:subject

WRIGHT STATE

hitp:#flotrwikia. cam

bt p e gly phoaeeb. comdardal

http:ffwennn tolkienlibrary. com/

hitp:ffwnnen tolkien. co.ukf

hitp:ffweeen houghtonmifflinbooks. comffeatures/lardoftheringstrilagy/
dbpedia;)._R._R._Talkien

dbpedia: The_Two_Towers

dbpediza: The_Return_of the King

dbpedia:The Fellowship of the Ring

“aolumes:"

England
20 (xsd:integer)

n dbpediaAdventure_novel
» dbpedia:High_fantasy

http:ffwenaned wiveis = fi-berlin. defflickrwrappr/photos/The_Lord_of_the Rings
Talkien's own cover designs for the three valumes

English

Print

The Lord of the Rings

1216 (xsd.integer)

dbpedia: The_Hobbit

21 (xsdiinteger)

dbpediaAlen_8& Unwin

ves

dbpedia: Template: Infobox_book_series
dbpedia: Termplate: Pp-vandalism

category: Monarmyths
categary:High_fantasy_novels
categary:Middle-earth_books
category:British_fantasy_novels
category:Fantasy_books by series
category: 1950 _fantasy_novels
categary: Sequel_nowvels

categary: The_Lord_of the Rings
category: English novels
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Linked Data: Volume %ase Lab

Geoindexed Linked Data — courtesy of Krzysztof Janowicz
http://stko.geog.ucsb.edu/location_linked data




Some Linked Datasets 2014 aSe Lab
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Find all FBK publications %ase Lab

Dataset with publication data Dataset with affiliation data

title

ID58497

author

WRIGHT STATE

affiliatedWith

“L. Serafini”
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Dataset with affiliation data

affiliatedWith

WRIGHT STATE
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Linked Data federated querying %ase Lab

Schema or
schema bits

—_3 | Answer

Publication Affiliation

Data

Data

Joshi, Jain, Hitzler et al. ODBASE 2012
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Schema Alignment %ase Lab

Automatic acquisition of relationships, e.g.

Va(Paper(x) — Publication(z))
Va(Person(x) — Agent(x))
Va(SomeOrganization(x) <+— Organization(x))

VaVy(title(x,y) — hasName(z,y))
VaVy(name(x,y) — hasName(x, y))

VaVy(affiliatedWith(x, y) «— hasAffiliation(z, y))
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Overarching schema %ase Lab

hasTitle @
asAuthorList

Autho‘rl_iy first @ hasName @

hasAffiliation

hasName @
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Automated Alignments %ase |_ab

Most systems can do only equivalences.

Va(SomeOrganization(x) «+— Organization(z))
VaVy(affiliatedWith(zx, y) «+— hasAffiliation(x, y))

Moreover, almost all of the performance of current systems is
based on string similarity metrics.

[Cheatham and Hitzler, ISWC 2013]
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Metric Prec.|Recall|F-meas.
YAM++ 0.81f 0.69 0.75
LogMap 0.82| 0.58 0.68
StringsOpt | 0.85] 0.55 0.67
StringsAuto| 0.79 0.57 0.66
Optima 0.62] 0.68 (.65
CODI 0.74| 0.57 0.64
GOMMA 0.85| 0.47 0.61
Wmatch 0.74( 0.50 0.60
WeSeE 0.76| 0.49 0.60
Hertuda 0.74| 0.50 0.60
MaasMatch 0.63| 0.57 0.60
LogMapLt 0.73] 0.50 0.59
HotMatch 0.71| 0.51 0.59
Baseline 2 0.79 0.47 0.59
ServOMap 0.73] 0.46 0.56
Baseline 1 0.80 0.43 0.56
ServOMapLt | 0.88) 0.40 0.55
MEDLEY 0.54 0.50 0.52
ASE 0.63| 0.43 0.51
MapSSS 0.501 0.51 0.50
AUTOMSv2 | 0.67] 0.36 0.47
AROMA 0.33| 0.48 0.39

Table 1. Results of strings only approaches and the competitors from the OAEI 2012
competition on the conference data set (left) and the anatomy data set (right)

Metric Prec.|Recall|F-meas.
GOMMA-bk 0.92] 0.93 0.92
YAM++ 0.94) 0.86 0.90
CODI 0.971 0.83 (.89
StringsOpt 0.88( 0.87 0.88
LogMap 0.92] 0.85 0.88
GOMMA 0.96] 0.50 0.87
StringsAuto |0.86] 0.84 0.85
MapSSS 0.94) 0.75 0.83
WeSeE 0.91] 0.76 0.83
LogMapLt 0.96] 0.73 0.83
TOAST* 0.85] 0.76 0.80
ServOMap 1.00] 0.64 0.78
ServOMapLt 0.09] 0.64 0.78
HotMatch 0.98] 0.64 0.77
AROMA 0.87] 0.69 0.77
StringEquiv 1.00] 0.62 0.77
Wmatch 0.86] 0.68 0.76
Optima 0.85] 0.58 0.69
Hertuda 0.69( 0.67 0.68
MaasMatch++| 0.43] 0.78 0.56




Ontology Alignment %ase |_ab

Linked Data Alignment seems to be quite different from established
benchmark problems.

Plus, we need at least subsumption mapping.
Va(Paper(z) — Publication(x))
Va(Person(x) — Agent(x))

VaVy(title(z, y) — hasName(x, y))
VaVy(name(z,y) — hasName(z,y))

[Jain, Hitzler et al. ISWC 2010]
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Bootstrapping-based alignment %ase Lab

Table 4. Results of various systems for LOD Schema Alignment. Legends: Prec=Precision,
Rec=Recall, M=Music Ontology, B=BBC Program Ontology, F=FOAF Ontology, D=DBpedia
Ontology, G=Geonames Ontology, S=SIOC Ontology, W=Semantic Web Conference Ontology,
A=AKT Portal Ontology, err=System Error, NA=Not Available

Linked Open Data Schema Ontology Alignment

Alignment API OMViaUO RiMoM S-Match AROMA BLOOMS

Test Prec Rec Prec Rec Prec Rec Prec Rec Prec Rec Prec Rec
M.B 04 0 ] 0 err err 0.04 028 0 0 0.63 0.78
M.D 0 0 0 0 err err 0.08 030 045 0.01 0.39 0.62
ED 0O 0 0 0 err err 0.11 040 033 0.04 0.67 0.73
GD 0O 0 0 0 err err 023 1 0 0 0 0

SE 0 0 0 0 0.3 0.2 052 011 030 020 0.55 0.64
WA 0.12 0.05 0.16 0.03 err err 006 04 038 0.03 042 0.59
W.D 0O 0 0 0 err err 0.15 050 027 001 070 040
Ave. 0.07 0.01 0.17 0 NA NA 0.17 043 025 004 048 0.54

WRIGHT STATE
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Property subsumption

“baSe Lab

Detecting property subsumptions is still in infancy.
VaVy(title(x, y) — hasName(z,y))

VaVy(name(x,y) — hasName(z,y))

[Cheatham, Hitzler OM 2014]

System Class Prec|Class Rec|Class Fms|Prop Prec|Prop Rec|Prop Fms
AML 0.86 0.62 0.72 1.00 0.20 0.33
AMLback 0.86 0.64 0.73 1.00 0.24 0.39
CIDER_CL 0.46 0.59 0.52 0.07 0.22 0.11
HerTUDA 0.84 0.56 0.67 0.26 0.20 0.23
HotMatch 0.81 0.57 0.67 0.24 0.20 0.22
TAMA 0.87 0.55 0.67 0.14 0.07 0.09
LogMap 0.82 0.65 0.73 0.62 0.28 0.39
. .. , ] 0.66 0.00 0.00 0.00
System Precision|Recall| F-measure 0.67 0.39 0.96 0.99
PropString (prec) 1.0} 0.26 0.41 | 0.73 0.32 0.26 0.29
PropString (rec) 0.34 0.5 0.4 g'g? 8'88 E'gg g'gg

‘ . ; ny ; L : . .
5&&' TF_[DF []-Eq D. 24‘ D. 22 ﬂ.ﬂﬂ D.:JD ﬂ.ﬂg ﬂ.D—]:
Table 4. Results on the OAEI Conference track| o.66 0.26 0.22 0.24
| YAMIT 0.82 0.71 0.76 0.68 0.57 0.62
WRIGHT ST Average 0.79 0.60 0.68 0.36 0.18 0.21

Table 1. Performance of the top 2013 OAEI competitors on classes versus prope



We need mapping rules %aSe Lab

Publication

asAuthorList

AuthorList

rest

author

@ hasName
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Linked Data: Variety %ase Lab

“Nancy Pelosi voted in favor of the Health Care Bill.”

vote:hasO

Vote:
2009-887

vote:vote Votes:2009-887/+

votg:votedBy

@ple/POOOlQD

dc:title

rdfs:label

vote:hasAction

name

dc:title

Bills:h3962

LT
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Linked Data federated querying %ase Lab

Upper-level
Ontology

—_— | Answer

LOD
Wikipedia
Dataset
(DBPedia)

5 ) NS Joshi, Jain, Hitzler et al. ODBASE 2012
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Thanks!
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