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Overview

* Linked Open Data 101

Two ongoing UMBC dissertations

— Varish Mulwad, Generating linked data
from tables

— Lushan Han, Querying linked data with a
quasi-NL interface
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UMngiquity http://ebig.org/r/339
. g A
Linked Open Data (LOD) g

* Linked data is just RDF data, typically Houk B
just the instances (ABOX), not schema (TBOX)
* RDF data is a graph of triples

—URI URI string
dbr:Barack_Obama dbo:spouse “Michelle Obama”

—URI URI URI
dbr:Barack_Obama dbo:spouse dbpedia:Michelle_Obama
* Best linked data practice prefers the 2"d pattern,
using nodes rather than strings for “entities”

* Liked open data is just linked data freely accessible
on the Web along with any required ontologies
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Use Semantic Web Technology
to publish shared data &

knowledge

Semantic Web

Semantic web technologies
allow machines to share data
and knowledge using common
web language and protocols.

~ 1997

Semantic Web beginning
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Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

Data is inter-
linked to support inte-
gration and fusion of knowledge

LOD beginning

Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

2008

Data is inter-
linked to support inte-
gration and fusion of knowledge

LOD growing

Semantic Web => Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

Data is inter-
linked to support inte-
gration and fusion of knowledge

... and growing

Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

LOD is the new Cyc: a common
source of background
knowledge

Data is inter-
linked to support inte-
gration and fusion of knowledge

...growing faster
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Linked Open Data

Use Semantic Web Technology
to publish shared data &
knowledge

LOD is the new Cyc: a common
ource of background
knowledge

Data is inter-
linked to support inte- : s 0O
gration and fusion of knowledge

2011: 31B facts in 295 datasets interlinked by 504M assertions on ckan.net

Exploiting LOD not (yet) Easy

* Publishing or using LOD data has N
inherent difficulties for the potential user
— It’s difficult to explore LOD data and to query it for
answers
— It’s challenging to publish data using appropri-ate
LOD vocabularies & link it to existing data
* Problem: O(10%) schema terms, O(101%)
instances

* I'll describe two ongoing research projects that
are addressing these problems
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Generating Linked Data
by Inferring the
Semantics of Tables

Research with Varish Mulwad
http://ebiqg.org/j/96

Goal: Table => LOD*

dbprop:team http://dbpedia.org/class/yago/

- NationalBasketballAssociationTeams

Name Team Position Height

Michael Jordan Chicago Shooting guard 1.98

~JAllen Iverson Philadelphia Point guard 1.83

‘/ Yao Ming Houston Center 2.29

Tim Duncan San Antonio Power forward 211

\\ <«\¢

( Player height in )
meters

http://dbpedia.org/resource/Allen_Iverson

* DBpedia
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Goal: Table => LOD*

Name Team Position Height
Michael Jordan Chicago Shooting guard 1.98
Allen Iverson Philadelphia Point guard 1.83 _
N @prefix dbpedia: <http://dbpedia.org/resource/> . RDF
Yao Ming Houston  @prefix dbo: <http://dbpedia.org/ontology/> . Linked
@prefix yago: <http://dbpedia.org/class/yago/> .
Tim Duncan San Ant Data
"Name"@en is rdfs:label of dbo:BasketballPlayer .
"Team"@en is rdfs:label of yago:NationalBasketballAssociationTeams .
"Mlchael Jordan"@en is rdfs:label of dbpedia:Michael Jordan .
ichael Jordan a layer .
DA
%Jln':‘neKEeEW""f: "Chicago Bulls"@en is rdfs:label ofdbpedla Chicago Bulls .
Machine-f po K ia:Chicago Bulls a yag iationTeams .
Non-proprieta
RDFslsnd;m’
Linked RDf
"R pAT 5 ¥
All this in a completely automated way
* DBpedia 13/49

Tables are everywhere !! ... yet ...

@ée

The web — 154 million
high quality relational
tables

oo Intend
o the DI

EX
15 539

Evidence—based medicine

Evidence-based medicine judges the efficacy of treatments or tests by
meta-analyses of clinical trials. Key information is often found in tables in
articles

# of Clinical trials
published in 2008

j—
| Table 2. Resuits in the intent-to-treat population ‘
‘ Intravenous  Confidence Interval |

Omeprazole
‘ Oral S:spensiol\ Cimetidine  for the Difference |

| (n = 178) (n=181) n Rates, % |

‘ 7(39) 0 (55! ~100.0,2.8° Ji
Clinically significant bleeding, n (% .9 (55) i

| Clinically significant : ing, n (%) ( y] s ' .
Any overt bleeding, n 34 (19. 58 (32. s o

‘ P 32 (18.0) of P

m‘m

**fTTT [ RS

Table 3. Percentage and number of patients with median gastric pH = 4 by trial day

Omeprazole Oral Intravenous
Teal Day Suspension, % Cimetidine, 5

)
)
)
)
)

22

33(1751)
304 (14/46)
256 (1039)
273 (933)
370127 286 (829)

1
2
3
3
5
6
5
9

10

i

12

13

n

Predose gt st o dy | e exclude o the medin oleltion:
TPCIJ Cjjecuve 1T

| ool e U
Figure: Evidence-Based Medicine - the Essential Role of Systematic Review| 0 ‘eed for Automated Text Mining Tools, IHI 20101 5 /49
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2010 Preliminary System

T2LD Framework
Predict Class for Linking the table Identify and
Columns ’ cells ’ Discover relations
2\
7\
7 P
. 100%
Class predict; ., é.
. . . % 80%
Entity Lmkmgé -
s 60% /
Examples of class Iabeé 0% Pe :Icn::::(ﬂ
Column — Nationality g‘"’% /
Prediction — MilitaryCc§ 3% e
g 20% /
Column — Birth Place s 10% .
Prediction — Populated 0% - - -
Person Place Organization OYer
g \/

Sources of Errors

* The sequential approach let errors perco-
late from one phase to the next

* The system was biased toward predicting
overly general classes over more
appropriate specific ones

* Heuristics largely drive the system

* Although we consider multiple sources of
evidence, we did not joint assignment

A Domain Independent Framework

Pre-processing modules

Acronym
detection

Sampling ‘

A

Query and generate ¢ >
initial mappings

A

Joint Inference/
Assignment

v

Generate Linked RDF — ‘ Verify (optional) ‘ —

Store in a knowledge
base & publish as LOD

19/49
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Query Mechanism
Team
‘ Michael Jordan ‘ Chicago Bulls ‘ Shooting Guard ‘ 1.98
N et ATy ST ———
1 &2
1 b
LN oNpp
1 4
’ < ¥ DBpadia
o
I .
1
. Wikitology
1
{dbo:Place,dbo:City,yago:WomenA . .
rtist,yago:LivingPeople,yago:Nation fhécaé? EUlegchica=08
alBasketballAssociationTeams...} CLpASIEERD
possible types possible entities
20/49
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Ranking the candidates

= AdministrativeRegion

’ C

e C, = “State” ;
-

String in column header

metrics

Class from an ontology

= [Levenshtein distance(C; L), }S”‘“.g“m”a”‘y

Dice Score (C; Lg),
Semantic Similarity (G La),
InformationGain(L;)]

* Y=exp(w,' fi(C L))

21/49

Ranking the candidates
* R; = “Baltimore” ; E; = Baltimore_Maryland
/n ) K y

String in table cell Entity from the

knowledge base (KB)

metrics

= [Levenshtein distance(R; EU)} string similarity
Dice Score (R; E;),

PageRank (E;), N
KBScore (Eij) metrics

Pagelength (E;) |

P,= exp(w,' fZ(Rij Ey)

22/49

Joint Inference over
evidence in a table

\'?:}6”133??:i!:’gfiihi ;;

v'Probabilistic Graphical Models

23/49

A graphical model for tables
Joint inference over evidence in a table

Class
>
Team
Chicago
Philadelphia
Houston e
San Antonio

..... P .. -

2/
Instance

24/49
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Parameterized graphical model

Captures interaction

] E

Row value
Factor -
Function that Node
captures the /.
affinity between I —

th | Variable Node:
o ~ Column header

headers and row ~ | —
values Captures interaction
between column headers
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Challenge: Interpreting Literals
Many columns have literals, e.g., numbers

Population Age .
Age in years?
Population? €—__| 690,000 75 Percent?
Profit in SK ? 345,000 65
\ 510,020 50
120,000 25

* Predict properties based on cell values
* Cyc had hand coded rules: humans don’t live past 120

* We extract value distributions from LOD resources
« Differ for subclasses: age of people vs. political leaders vs. athletes
* Represent as measurements: value + units

* Metric: possibility/probability of values given distribution

26/49

\
Other Challenges m/ﬂ

* Using table captions and other text is
associated documents to provide context

* Size of some data.gov tables (> 400K rows!)
makes using full graphical model impractical

—Sample table and run model on the subset

* Achieving acceptable accuracy may require
human input

—100% accuracy unattainable automatically

— How best to let humans offer advice and/or
correct interpretations?

27/49

PMI as an association measure

We use pointwise mutual information (pmi) to
measure the association between two RDF
resources (nodes)

pl‘[]i(;r"u) = logo M = oo p(l"y) — lo p(yla')
- “p)ply) T pla) ° ply)

pmi is used for word association by comparing
how often two words occur together in text to
their expected co-occurrence if independent

28/49
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PMI for RDF instances

* For text, the co-occurrence context is usually a
window of some number of words (e.g, 50)

* For RDF instances, we count three graph patterns
as instances of the co-occurrence of N1 and N2

©—®| O v @ “
(=) (2

* Other graph patterns can be added, but we’ve
not evaluated their utility or cost to compute.

29/49

GoRelations:

Intuitive Query System
for Linked Data

Research with Lushan Han

http://ebig.org/j/93

PMI for RDF types

* We also want to measure the association
strength between RDF types, e.g., a dbo:Actor
associated with a dbo:Film vs. a dbo:Place

* We can also measure the association of an
RDF property and types, e.g. dbo:author used
with a dbo:Film vs. a dbo:Book

* Such simple statistics can be efficiently
computed for large RDF collections in parallel

PREFIX dbo: <http.//dbpedia.org/ontology/>
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Dbpedia is the Stereotypical LOD

* DBpedia is an important example of Linked Open Data
—Extracts structured data from Infoboxes in Wikipedia
—Stores in RDF using custom ontologies Yago terms

* The major integration point for the entire LOD cloud

* Explorable as HTML, but harder to query in SPARQL

The Adventures of Tom Sawyer o vain

DBpedia

32/49
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© 0 0 /D> Avout: Mark Twain
€ - C ft O dopedia.org/page/Mark Twain SR PEeA BenRA
(36 Canews - o B (G [ " (3% @7 @5 Ciem (i Cme Can (30 Cor 20 Ore Obity [ OReadiaer 06 » £ other Bookmarks

dbpedia-owl:birthDate = 1835-11-30 (xsd:date)
dbpedia-owl:birthName = Samuel Langhorne Clemens

dbpedia-owl:child = dbpedia:Jean_Clemens D B d o ’
dbpedia-owl:deathDate = 1910-04-21 (xsd:date)

dbpedia-owl:birthPlace = dbpedia:Florida,_Missouri
= dbpedia:Susy_Clemens
.
dbpedia-owl:deathPlace = dbpedia:Redding,_Connecticut M a rk Twa I n

.
= dbpedia:Missouri B rOWS| n g
= dbpedia:Clara_Clemens

= dbpedia:Connecticut

dbpedia-owl:genre - d
= dbpedia:Historical_fiction

= dbpedia:Social_commentary

= dbpedia:Satire

= dbpedia:Non-fiction

= dbpedia:Philosophy_and_literature

= dbpedia:Literary_criticism

= dbpedia:Travel_literature

= dbpedia:Fiction

= dbpedia:Children's_literature

= dbpedia:Adventures_of_Huckleberry_Finn
= dbpedia:The_Adventures_of_Tom_Sawyer

dbpedia-owl:notableWork

dbpedia-owl:occupation = dbpedia:Writer
= dbpedia:Lecture
dbpedia-owl:pseudonym = Mark Twain
dbpedia-owl:thumbnail = http://upload.wiki i ikipedi 1mons/tt _Twain_by_AF_Bra|
dbpedia-owl:wikiPageExternalLink = http://www.sfgate.com/cgi-bin/article.cgi?file=/c/a/2005/08/19/MNGOBEASJI1.DTL
= http://www.pbs. i dex.html
= http://www.kamakurapens.com/TwainsConklin.html
»_http:/www.ucmerced i0.asp? id=95 33/49

Querying LOD is Much Harder

* Querying DBpedia requires a lot of a user
— Understand the RDF model
— Master SPARQL, a formal query language
—Understand ontology terms: 320 classes & 1600 properties !
— Know instance URIs (>1M entities !)
—Term heterogeneity (Place vs. PopulatedPlace)

*1 7//”  _ -

* Querying large LOD
sets overwhelming

Goal @

* Allow a user with a basic understanding of
RDF to query DBpedia and ultimately distrib-
uted LOD collections
— To explore what data is in the system
— To get answers to question
— To create SPARQL queries for reuse or adaptation

* Desiderata
— Easy to learn and to use
— Good accuracy (e.g., precision and recall)

— Fast

35/49

* Natural language : \ SF’ARQL?@WWWomgyms
N Natural Language—__ /" -+ SPARQLsyntax and URIs
guery systems still Questions N L
a research goal " St e o }}
34/49
N P
Key Idea ~( )~
AN
NS
Structured keyword queries
Reduce problem complexity by:
— User enters a simple graph, and
— Annotates the nodes and arcs with
words and phrases
36/49
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Structured Keyword Queries &

bornin author
- * The adventures of Tom Sawyer

Place Person Book

* Nodes denote entities and links binary relations

* Entities described by two unrestricted terms:
name or value and type or concept

* Result entities marked with ? and those not with *

* A compromise between a natural language Q&A
system and SPARQL
—Users provide compositional structure of the question
—Free to use their own terms in annotating the structure

Translation — Step One

finding semantically similar ontology terms

For each concept or relation in the graph, generate the k most
semantically similar candidate ontology classes or properties

- bornin | r— wrote The adventures of
2 Tom Sawyer
ﬂ Book

0:Place 1.00 0:@cylinderBore 0.81 0:Wiiter 1.00 O:author 1.00 0:800k 1.00
Wiiter 0.75

1:PopulatedPlace 081 | |tiproducer0.34 riter 0.63 1:Work 0.57
2NaturalPlace 0 81 2@production 0.34 054 2editor0.50 2:WiittenWork 0.55
3:istoricPlace 0.80 3custodian 0.32 3:WitenWork 044 | [3:publisher 0.45 3:Wiiter 049
Elzmud #:@birthName 0.31 4:Joumalist 0 37 :storyEditor 0 44 4:MusicalWork 044
:City 2 2 g a4
6:#Address 031 6:@bithDate 0.29 6:Work 0.30 gaduiie Nork 0.43
T:Event 030 TicurentProduction 0.28 | (T:Adist 0.29 Taartis uthor 0.40
8:#City 0.27 8:flagBearer 0.28 8Phlosopher0 28 | [8: pvuducerﬂ4ﬂ Niiter 0,37
9:#Point 0.26 9:birthPlace 0.28 9:Person0.24 9:associateEditor 0 40 9:Film 0.35
10:ProtectedArea0 25 | 0:executiveProducer 0.27 | [10:Poliician 024 10:chiefEditor 0.3 10:Magazine 028
1:WorldHeritageSite 0.24 | (11:@birthYear 0.27 11:MusicalWork 0.24 | |11:previousEditor 0.39 11:#Series 0.24
12:0fficeHolder 0 24 12wineProduced 0.27 12:Actor0 24 12:composer0 38 1Zlewspaper 023
25 [13:MartialAdist 0.23 0371
023 26 [14:Scientist 023 14:@publicationDate 0 36 14:Periodicall terature 0.2
15:5kiArea 023 15:@motto 0.26 T 15Tt 016
16:Town 022 16:@productionstartvear 0.25, [16:4Edi e 3% haracter 0.16
1T:#hrea 022 AT:@productionEndvear 0.25 s 23 17:designer 0 35 T Tamvsanhon o1t
2 024 | [18C : 34 | |18 15
19:Thing 016 19:child 0.23 19:7Arist 0. 22 : 34 19:AcademicJoumal 0.14

Similarity metric is distributional similarity, LSA, and WordNet.
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Translation — Step Two

disambiguation algorithm

* To assemble the best interpretation we rely on
statistics of the data

* Primary measure is pointwise mutual informa-
tion (PMI) between RDF terms in the LOD
collection

This measures the degree to which two RDF terms
occur together in the knowledge base

* In a reasonable interpretation, ontology terms
associate in the way that their corresponding
user terms connect in the structured keyword
query

40/49
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Translation — Step Two

disambiguation algorithm

Three aspects are combined to derive an overall

goodness measure for each candidate interpretation

m
goodness(G) = argmax é goodness(L;)
P1--Pm C1..cn€H im1

0. p(R:)) + PMI(p(R;), ¢(S))]
— [PMi(e(S). p(Rs)) + PMi(p(Ry), c(0y))] > a

Then S;' = 0;, O,/ = S;
Else Si'=S:. O/ =0; (2)

Joint disam- ) .

X X argmax
biguation P1..Pm c1..cnEF

) 1t [PM(c(O,

Resolving PMI(e
direction
Link reason-
ableness

goodness(L;) = num(l:—’m(c(si’). p(Ri)) - sim(Si,¢(Si’)) - sim(Ri, p(Ri))
),¢(0y)) - sim(0y', ¢(0y")) - sim(R;, p(Ry)),

+PMI(p(R; i
+PMI(c(Si"), ¢(0y')) - sim(S{/, ¢(Si)) - sim(Oy’, ¢(Oy"))

(1

B)
(3)
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Example of Translation result

Concepts: Place => Place, Author => Writer, Book => Book

Properties: born in => birthPlace, wrote => author (inverse direction)

5 borniin 5 wrote Theadventures of
_ - Tom Sawyer
Place 0:@cylinderBore 0.53 B O 0:writer 0.48 Boo
1:torchBearer 0.26 1:@pages 0.42
2:flagBearer 0.26 2:page 0.42
0:Place 10 e 0:Wiiter 0.76 _ii@ﬂ?er nE 0:800k 1.0
1:PopulatedPlace 0.5 5:@mo|to 019 1:#Author0.5 5:@notesi) 2% 1:Work 0.28
2:HistoricPlace 0.5 6:child0.17 2:Book 0.36 6:@ Bltine 0,26 2:Writer 0.27
3:#Part 0.38 Bt 3:Artist 0.22 Bl 3:#Product 0.20
7:@birthYear0.15 & 7:@name 0.23 4:#Author0.18
4:#0ffice 0.35 4:Philosopher0.18 8:@grayPage 0.22 #HAuthor
5:#Residence 032 9-@bithName0.15 5:Actor 0.18 9:spokenin 0.21 5:Newspaper0.16
841016030 10:@birthDate0.15 | S#Edilor0.19 10-@address 020 e B
7:Town 0.30 11:family 0.15 7-Language 0.1 11:editor0.19 AVRISICHNNO)
8:#Point0.29 12:@weight0.13 8:MusicalArtist0.11 12:@date 0.18
9:PersonFunction 0.27 13;@year012 9:Work 0710 13;artist017
10:City 0.25 14-0rigin 0.11 10:#Publisher0.10 14:language 0.16
:12'_:&%?“0”82211 15:@teamName 0.11 15:@year 0.15
13:\,"'39[:%516 16:@meshName 0.1 16:@title 0.15
AA-Cointn 14 17:@iupacName 0.11 17:recordedin 0.13

SPARQL Generation

The translation of a semantic graph query to SPARQL is
straightforward given the mappings

Concepts

*Place => Place

* Author => Writer
*Book => Book

Relations
*born in => birthPlace
*wrote => author

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT DISTINCT ?x, ?y WHERE {
20 a dbo:Book .
20 rdfs:label ?labelO .

2x a dbo:Writer .
?y a dbo:Place .

{20 dbo:author ?x} .
{2x dbo:birthPlace 2y} .

?label0 bif:contains ""The adventures of Tom Sawyer" .

43/49

Evaluation

=
<=

—

* 33 test questions from 2011 Workshop on Question
Answering over Linked Data answerable using DBpedia

* Three human subjects unfamiliar with DBpedia translated
the test questions into semantic graph queries

* Compared with two top natural language QA systems:
PowerAqua and True Knowledge

Prec.|Recall F
. _..regular [0.687|0.722|0.704
GoRelations | ice  10.736|0.803 |0.768

PowerAqua

1st triple [0.372
all triples|0.334
merged [0.255

0.48310.420
0.48310.395
0.29110.272

True Knowledge

0.469

0.535]0.500

44/49
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semanticwebarchive.cs umbe.edu/GOR/example7. il OB ORwABE R 2

Manual Experiments Q&A About

alpha ver 0.1

Graph of Relations

Please input relations in your query. One per line.

7x/American Football Player, date of birth, 7y/Date.
7%, height, 72/Number

Examples

Query | Relaxed Query | See Translations

Message: This query gives data about the height of American footballplayers and their date of

birth. Football funs may feel it interesting to know how the height of football players
changes over time

http://ebiq.org/GOR

Powered by DBpedia and Virtuoso
2011 Ebiquity Lab, UMBC
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800 lod.openlinksw.com/spara e

€« C fi Ol h
I x z y
[updbpediaorgresourcelack_Shapiro 15454 19070
[pdbpedia orgresourceliosh._Bets 15738 19520825
[ntp:7idbpedia.org/resource/Nate_Abrams 1.6256 |[1897-12-25
[hitp/dbpedia.org resource/Herbert_Clow 6256 18990507
[hitpidbpedia.org resource Trindon_Holliday 65119860427
[tpidbpedia.org/resource/Earl_Warweg 6764 [1892-01-11
[Fpidbpedia orgresourcelacquizz_Rodgers 764 19900206
[tp:7idbpedia.org/resource/lohn_Brallier 1.6764 |[1876-12-27
[itp/dbpedia.org/resource/Menz_Lindsey 6764 189707
[Ftp i dbpedimorgiesource/ictan Logan_ 764 198106+
[updbpediaorgresourcelCory_Ross _ o764 1952:09-
[itp/dbpedia.org/resource/Darren_Sproles 6764 [1983-06-
[htp=/dbpedia org/resource/Jack_Fleischman 6764 [1901-08-15
[itp/dbpedia.org/resource/Eddie_Scharer 676419020126
[tp:/dbpedia.orgresource/John_Barrett_%28 American_football%29 6764 [1899-02-25
Ihutp-/idbpedia.org/resource/Dick_Thomton_%28 American_football %29 6764 [1908-02-04
[htp/dbpedia org/resource/Walter_French_%28baseball%29 7018 [1899-07-12
[itp/dbpedia.org/resource/Al Loeb 7018 [1890-03-11
[itp/dbpedia.org resource/Antwaun_Carter 018 [1981-0909
o Caulley 7018 |[1984-06-22
[hup:7idbpedia.orgresource/K endall_Hunter 7018 |[1988-09-16
[tp:7idbpedia.org/resource/LaRod_Stephens-Howling 17018 [1987-04-26
[itp/dbpedia.org resourceJayson_Foster 018 [1985.07-
[hitp/dbpedia.org resourceMark_McMillian 7018 197004
[Ftpidbpedia orgiesource/AT Comsweet__ 7015 [1906:07-
[ups/dbpedinorgesource/Bodic_Weldon 7018 1595114
pi/dbpedinorgesource/Bill_Stobbs 17018 18960528
[tp/dbpedia.org/resourcellohnny_Bryan 17018 (18970228
[itp/dbpedia.org/resource/Andrew_Hawkins 17018 [1986-:03-10
[ttpidbpedia.org/resource/Chad_Owens 7018 |[1982.04-03

[ups/dbpedinorg resource Mark_Higgs Tl D G
[Fipbpedis ovesowec et Ve emore tt p /e lq or g G O R
[http=/dbpedia org/resource/Danny_Woodhead Ll AN MMt b

D GoRelaions - Transiations
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© semanticwebarchive.cs.umbe.edu/GOR/GoRelations

Three Top Interpretations of the User Query

Top One Interpretation

Before Step Three After Step Three

= 7x/American Football Player has a candidate list including 0:AmericanFootballPlayer 1.00 1:Person

0.25 (the selected choice is AmericanFootballPlayer 1.00)

= 72/Number has 2 candidate list including 0:Number 1.00 1:#Group 0.31 2:#Code 0.31 3:EthnicGroup.

0.25 4:#Size 0.23 5:#Series 0.23 6:Single 0.21 7:OlympicResult 0.15 8:MountainRange 0.14 (the

selected choice is Number 1.00)

“%y/Date has a candidate st including 0:Date 1.00 1:Grape 0.19 2:Holiday 0.18 3:Name 0.18 4:Place

0.15 5:Event 0.15 6:#Era 0.15 7:GivenName 0.15 & HistoricPlace 0.14 9-WrestiingEvent 0.14
11:Sportsvent 0.12 12 012

> Numbs

o
14:MixedMartialArtsEvent 0.1 (the selected choice is Date 1.00)

« 7x/American Football Player => AmericanFootballPlayer

&7x/American Football Player date of birth:?y/Date => 0:@birthDate 1.0§
&7x/American Football Player-height:7z/Number => 0:@height 1.00

The Regular SPARQL Query

The Concise SPARQL Query

The Regular SPARQL Query

orRc o PRHwABEOR

The Concise SP

PREFIX dbo: <http://dbpedia.org/ontology/>
SELECT DISTINCT 7x, 72, ?y WHERE {

7 a dbo:AmericanFootballPlayer .

7 dbo:birthDate 7y

7x dborheight 72
)

Query

Top Two Interpretation

Before Step Three

“ 7%/ American Football Player has a candidate list including
0.25 (the selected choice is AmericanFootballPlayer 1.00)

= 72/Number has a candidate lst including 0.
0.25 4:#Size 0.23 S:#Series 0.23 6:Single 0.21

[PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT DISTINCT 7x, 72, 7y WHERE {
7x a dbo:AmericanFootballPlayer .
7 dbo'birthDate 7y
7x dborheight 72

Query

PREFIX dbo: <hitp:/dbpedia.org/ontology/>

SELECT DISTINCT 7x, 72, 7y WHERE (
7 a dbo-AmericanFootballPlayer
{7 dbosbirthDate )}

{0 dboheight 72))

)

Query.

PREFIX dbo: <hitp.

SELECT DISTINCT
7x a dbo:Americar|
{{7x dborbirthbate|
{{x dbo:height 72

)

the

http://e‘wlgiiq.org,llG@R

Number 1.00 1:#Group 0.31 2:#Code 0.31 3:EthnicGroup.
015 14 (th

- 7y/Date => Date

& 7x/American Football Player.date of birth:?y/Date => 0:@birthDate 1.0§

e e I | a6/4
Current challenges il
* Baseline system works well for DBpedia
* Current challenges we are addressing are
— Adding direct entity matching
— Relaxing the need for type information
— Testing on other LOD collections and extending to a
set of distributed LOD collections
— Developing a better Web interface
— Allowing user feedback and advice
¢ See http://ebiq.org/93 for more information &
try our alpha version at http://ebiq.org/GOR
48/49
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Final Conclusions

* Linked Data is an emerging paradigm for
sharing structured and semi-structured data
— Backed by machine-understandable semantics
— Based on successful Web languages and protocols

* Generating and exploring Linked Data
resources can be challenging
— Schemas are large, too many URIs

* New tools for mapping tables to Linked Data
and translating structured natural language
gueries help reduce the barriers
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