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TL;DR Version o g

Linked RDF

Linked Open Data is hard to create "YouR DATA 5
Linded Open Data is hard to query

Two ongoing UMBC dissertations hope to
make it easier

— Varish Mulwad: Generating linked data from
tables

— Lushan Han: Querying linked data with a
qguasi-NL interface

Both need statistics on large amounts of
LOD data and/or text



Generating Linked Data
by Inferring the
Semantics of Tables

Research by Varish Mulwad
http://ebig.org/j/96




Goal: Table => LOD*

[ dbprop:team }

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

ﬁ NationalBasketballAssociationTeams

Name Team Position Height
Michael Jordan Chicago Shooting guard 1.98
IAllen Iverson Philadelphia Point guard 1.83
Yao Ming Houston Center 2.29
Tim Duncan San Antonio Power forward 2.11

http://dbpedia.org/resource/Allen_Iverson J

* DBpedia

U

|

Player height in
meters

|




Goal: Table => LOD*

LINKED DA%
On the web, 0Pe" @
Machine-readazfem
Non-proprietary
RDF standards
Linked RDF

}
OUR DATA 5 ¢

* DBpedia

Name Team Position Height
Michael Jordan Chicago Shooting guard 1.98
Allen lverson Philadelphia Point guard 1.83
. @prefix dbpedia: <http://dbpedia.org/resource/> . RDF
Yao Ming Houston @prefix dbpedia-owl: <http://dbpedia.org/ontology/> . Linked
@prefix yago: <http://dbpedia.org/class/yago/> .
Tim Duncan San Antc Data

"Name"@en is rdfs:label of dbpedia-owl:BasketballPlayer .
"Team"@en is rdfs:label of yago:NationalBasketballAssociationTeams .

"Michael Jordan"@en is rdfs:label of dbpedia:Michael Jordan .
dbpedia:Michael Jordan a dbpedia-owl:BasketballPlayer .

"Chicago Bulls"@en is rdfs:label of dbpedia:Chicago Bulls .
dbpedia:Chicago Bulls a yago:NationalBasketballAssociationTeams .

All this in a completely automated way



2010 Preliminary Heuristic System

T2LD Framework
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Domain Independent Framework

Domain Knowledge — Linked Data
Cloud / Medical Domain / Open Govt.

Citv | Mavor |statel|Population|

o|o(Z2|®
o

| ™M | State | Population H
oston |T. Menino | MA 1T 610,000 Doma_ln -
I|New Yc City Mayor State| Population -
a [Philade[Boston T. Menino MA 610,000 Query - d
a i 1 New York M. Bloomberg NY 8,400,000 > S e
ashir |Philadelphia |M. Nutter PA 1,500,000 L. e 2
Generate a set of classes/entities “ s @ R P

altimore S. Dixon MD 640,000 ‘
oI

Washington A. Fenty DC 595,000
* Wikitology

Joint Assignment/
Inference Model

|
Linked Data




One Challenge: Interpreting Literals
Many columns have literals, e.g., numbers

Population Age _
P Age in years?
Population? €—1___| 690,000 75 Percent?
- 5
Profit in SK 7 345,000 cc
\ 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, e.g., age of people vs. political leaders vs.
professional athletes
* Represent as measurements: value + units

* Metric: possibility/probability of values given distribution g



GoRelations:

Intuitive Query System
for Linked Data

Research By Lushan Han

http://ebig.org/j/93




Querying LOD is Too Hard

* 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)

* Querying large LOD
sets overwhelming

’“Eﬁ:ﬁiﬁfiﬁiﬁi:’?" ik
from the same university
SPARQL ery
®
N a t u ra | | a n g u a ge Familiar with ontology terms
. Natural Langu SPARQL syntax and URIs
guery systems still Quest.ons
- Best NLP techni h
a research goal seti i e }
questions
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A Pragmatic Solution @

* Goal: allow users with a basic RDF
understanding to query LOD collections

— To explore what data is available
— To get answers to questions
— To create SPARQL queries for reuse or adaptation

* Desiderata: Easy, Accurate, Fast

* Key idea: Reduce problem complexity by
having (1) User enter a simple graph, and (2)
Annotate it words and phrases

11



Semantic Graph Interface

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

e 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

12



Step 1: Find Terms

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

0:Place 1.00
1:PopulatedPlace 0.81
2:NaturalPlace 0.81
3:HistoricPlace 0.80

4:# ocation 0.46

5:City 0.37

6:#Address 0.31

7:Event 0.30

8:#City 0.27

9:#Point 0.26
10:ProtectedArea 0.25
11:WorldHeritageSite 0.24
12:0fficeHolder 0.24
13:WrestlingEvent 0.23
14:SportsEvent 0.23
15:SkiArea 0.23

16:Town 0.22

17:#Area 0.22
18:MixedMartialArtsEvent 0.2
19:Thing 0.16

bornin

0:@cylinderBore 0.81
1:producer 0.34
2:@production 0.34
3:custodian 0.32
4:@birthName 0.31
5:torchBearer 0.29
6:@birthDate 0.29
T:currentProduction 0.28
8:flagBearer 0.28
9:birthPlace 0.28
10:executiveProducer 0.27
11:@birthYear 0.27
12:wineProduced 0.27
13:@productionStartDate 0.26
14:@productionEndDate 0.26
15:@motto 0.26
16:@productionStartyear 0.25
17:@productionEndYear 0.25
18:@bridgeCarries 0.24
19:child 0.23

?

wrote

0:Writer 1.00
1:#Writer 0.75
2:Book 0.54
3:WrittenWork 0.44
4:Journalist 0.37
5:#Publisher 0.33
6:Work 0.30

T:Artist 0.29
8:Philosopher 0.28
9:Person 0.24
10:Politician 0.24
11:MusicalWork 0.24
12:Actor 0.24
13:MartialArtist 0.23
14:Scientist 0.23
15:MusicalArtist 0.23
16:#Editor 0.23
17:Broadcaster 0.23
18:ComicsCreator 0.22
19:#Artist 0.22

The adventures of

Tom Sawyer

0:author 1.00

1:writer 0.63

2:editor 0.50

3:publisher 0.45

4:storyEditor 0.44
5:managingEditor 0.43
6:@editorTitle 0.43

T:artist 0.43

8:producer 0.40
9:associateEditor 0.40
10:chiefEditor 0.39
11:previousEditor 0.39
12:composer 0.38
13:@frequencyOfPublication 0.37
14:@publicationDate 0.36
15:musicalArtist 0.36
16:executiveProducer 0.36
17:designer 0.35
18:@firstPublicationYear 0.34
19:gameArtist 0.34

0:Book 1.00

1:Work 0.57
2:WrittenWork 0.55
3:Writer 0.49
4:MusicalWork 0.44
5:#Publisher 0.44
6:#Work 0.43

T:#Author 0.40

8:#Writer 0.37

9:Film 0.36

10:Magazine 0.28
11:#Series 0.24
12:Newspaper 0.23
13:TelevisionEpisode 0.22
14:PeriodicalLiterature 0.2
15:#Title 0.16
16:ComicsCharacter 0.16
17:TelevisionShow 0.16
18:FictionalCharacter 0.15
19:AcademicJournal 0.14

Similarity metric based on distributional similarity, LSA, and WordNet.
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Another
Example

Football players who

0:@plays 1.00
N:@settingOfPlay 0.83
2:@characterinPlay 0.83
3:@subjectOfPlay 0.80
4:@chorusCharacterinPlay .76
5:@muteCharacterinPlay 0.75
6:@games 0.44
T:@firstGame 0.35

0:SoccerClub 0.85
1:AmericanFootballTeam 0.72
2:CanadianFootballTeam 0.71
3:SportsTeam 0.69
4:HockeyTeam 0.66
5:BasketballTeam 0.66
6:FootballMatch 0.61
7:GridironFootballPlayer 0.54
8:AmericanFootballLeague 0.53
9:CanadianFootballLeague 0.52
10:AustralianFootballLeague .52

0:managerClub< 0.67
1:sport< 0.64

2:team< 0.61
3:clubsRecordGoalscorer< .59
4:coachedTeam< 0.51
5:league< 0.50

6:athletics< 0.48
T:draftTeam< 0.46
8:debutTeam< 0.45
9:prospectTeam< 0.44
10:chairman 1.00
11:president> 1.00
12:vicePresident> 0.87
13:@chairmanTitle> 0.80
14:executiveProducer> 0.55
15:governor> 0.50
16:mayor> 0.48

11:AmericanFootballPlayer 0.51

8:gameArtist 0.35 17:primeMinister> 0.47

. ) . 12:SoccerManager 0.47 L : o
were bO rnin th e same 269:2:&52%%8;334 13:AustralianFootballPlayer 47 13;‘&!°ep”meM'"'s’e’> et
A 1 : :director> 0.44
1:satScore 0.27 14:SportsLeague 0.47 20-location 1.00
l . ) 12-@barPassRate 025 15:SoccerLeague 0.46 v -
ace as thelr team S : } 16-#Team 0 45 21:locatedinArea 0.86
p 13:team 0.22 17:BasketballLeague 0.44 22:locationCity 0.83
M4:secondTeam 0.20 y ' 23:locationCountry 0.81
res Id ent 15:thirdTeam 0.20 18:SoccerPlayer 044 24:@locationldentifier 0.80
p 16:film 0.20 : L 25:0wner 1.00
7:opponent 0.19 N 26:0wningCompany 0.86
18:@throwingSide 0.19 2T:owningOrganisation 0.80
19:@teamName 0.19 28:0peratedBy 0.39
29:0perator 0.39
O 2 ﬁ
lays for has
5 EL RN Footballclub [N 5

President

pIaceofbirtE S E bornin
JU
\ 4 ¥ ¥ ¥

0:PokerPlayer 0.84 :birthPlace 1.00 0:Place 1.00 0:@cylinderBore 0.81 0:President 1.00
1:BaseballPlayer 0.84 :place 0.82 1:PopulatedPlace 0.81 1:producer 0.34 1:#Chairman 0.75
2:BasketballPlayer 0.83 :@birthDate 0.60 2:NaturalPlace 0.81 2:@production 0.34 #President 0.75
3:SoccerPlayer0.83 :deathPlace 0.59 3:HistoricPlace 0.80 3:custodian 0.32 3:Governor 0.50
4:TennisPlayer 0.82 :@birthYear 0.57 4:# ocation 0.46 4:@birthName 0.31 :Convention 0.49
5:RugbyPlayer 0.62 :@birthName 0.55 5:City 0.37 5:torchBearer 0.29 5:Mayor 0.48
6:GolfPlayer 0.82 :foundationPlace 0.55 | |6:Event 0.30 6:@birthDate 0.29 6:PrimeMinister 0.47
7:GaelicGamesPlayer 0.81 :capitalPlace 0.55 7:ProtectedArea 0.25 T:currentProduction 0.28 T:Election 0.44
8:BadmintonPlayer 0.81 :premierePlace 0.55 8:WorldHeritageSite 0.24 8:flagBearer 0.28 8:Chancellor 0.37
9:SnookerPlayer 0.80 :placeOfBurial 0.54 9:0fficeHolder 0.24 9:birthPlace 0.28 9:Senator 0.36
10:GridironFootballPlayer0.77 | f10:sourcePlace 0.54 10:WrestlingEvent 0.23 10:executiveProducer 0.27 | 10:Judge 0.35
11:AmericanFootballPlayer 0.77) 11:populationPlace 0.54 | 11:SportsEvent 0.23 11:@birthYear 0.27 11:#Director 0.33

12:IceHockeyPlayer 0.76 2:restingPlace 0.53 12:SkiArea 0.23 12:wineProduced 0.27 12:Legislature 0.28
13:Australian...Player 0.74 3:lowestPlace 0.52 13:Town 0.22 13:@productionStartDate .26| |13:Person 0.25
14:Play 0.68 4:highestPlace 0.52 14:MixedMartialAtsEvent 20| (14:@productionEndDate .26 | 14:SoccerManager 0.25

15:Game 0.60
16:VideoGame 0.50
17:Athlete 0.36
18:HockeyTeam 0.36
19:Person 0.25

5:beatifiedPlace 0.52 15:Thing 0.16 15:@motto 0.26 15:Cleric 0.23
6:canonizedPlace 0.52 | 16:SnookerWorldRanking .16 (16:@productionStartyear .25 | 16:#Principal 0.23
7:mouthPlace 0.52 17:#Part 0.15 17:@productionEndYear 0.25) 17:MemberOfParliament .23
8:managementPlace 51| 18:Date 0.15 18:@bridgeCarries 0.24 18:Politician 0.23
9:governmentPlace .51 | 19:Saint 0.15 19:child 0.23 19:#Manager 0.22




Step 2: Disambiguate

* Assemble the best interpretation using statistics
of the RDF data

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

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

* In good interpretations, ontology terms associate
in the way that their corresponding user terms
connect in the semantic graph

15



Example of Translation result

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

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

bornin

0:Place1.0

1:PopulatedPlace 0.5
2:HistoricPlace 0.5
3:#Part 0.38
4:#0ffice 0.35
5:#Residence 0.32
6:#Role 0.30

7:Town 0.30
8:#Point0.29
9:PersonFunction0.27
10:City 0.25
11:#Location 0.21
12:#Address 0.21

13:Village 0.16
14-Cointrv) 14

0:@cylinderBore 0.53
1:torchBearer0.26
2:flagBearer0.26
J:crosses 0.24
4:@name 0.20
5:@motto 0.19
6:child0.17

7:@birthYear0.15

8:birthPlace 0.15

9:@birthName 0.15
10:@birthDate 0.15
11:family 0.15
12:@weight0.13
13:@year0.12
14:0rigin 0.11
15:@teamName 0.11
16:@meshName 0.11
17:@iupacName 0.11

Lo Pt NS g T N & oa

wrote

0:Writer 0.76

1:#Author0.5
2:Book 0.36
3:Artist 0.22
4:Philosopher0.18
5:Actor0.18
6:#Editor0.15
7:Language 0.11
8:MusicalArtist 0.11
9:Work 0.10
10:#Publisher0.10

0:writer 0 48
1:@pages 042
2:page 042
|3:author 0.39
4:@note 0.34
5:@notes 0.34
6:@volume 0.26
7:@name 0.23
8:@grayPage 0.22
9:spokenin 0.21
10:@address 0.20
11:editor0.19
12:@date 0.18
13:artist 0.17
14:language 0.16
15:@year 0.15

16:@title 0.15
17:recordedin 0.13

e Pl b & N

The adventures of
Tom Sawyer

0:Book 1.0

1:Work 0.28
2:Writer 0.27
3:#Product0.20
4:#Author0.18
5:Newspaper0.16
6:Magazine0.15
7:MusicalWork 0.14




Step3: 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
e wrote => author

=)

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

SELECT DISTINCT ?x, ?y WHERE {

70 a dbo:Book .
70 rdfs:label ?label0 .

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

?x a dbo:Writer .

?y a dbo:Place .

{?0 dbo:author ?x} .
{?x dbo:birthPlace ?y} .

17



Preliminary 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:
PowerAgua and True Knowledge

Prec.|Recall] F
regular [0.687(0.722(0.704
concise |0.736]0.803|0.768
Ist triple |0.372]0.483 {0.420
PowerAqua all triples|0.334|0.483(0.395
merged [0.255]0.291 [0.272
True Knowledge 0.469|0.535(0.500

GoRelations




8 00 y/ (.) GoRelations: an Intuitive Qu- » | -

€« C fif © semanticwebarchive.cs.umbc.edu/GOR/example7.html D sy @ =

TR P B SR

Manual Experiments Q&A About

alpha ver 0.1

Graph of Relations

Please input relations in your query. One per line.

?x/American Football Player, date of birth, ?y/Date
7x, height, ?z/Number

Query Relaxed Query See Translations

Message: This query gives data about the height of American football players and their date of
birth. Football funs may feel it interesting to know how the height of football players
changes over time.

http://ebig.org/GOR

Powered by DBpedia and Virtuoso
2011 Ebiquity Lab, UMBC.
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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

20



