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Smit hsonian American s
Art Museum - ﬁ

L

Crystal Bridges
Museum of
American Art

A 50T

mat

Nat ional Portrait

__data is public

but we only have islands

of data X Dallas Museum

of Art
The Metropalitan M
Museum of Art | ndianapolis

Museum
of Art




Linked Data with a Shared
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Linked Data with a Shared
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Linked Knowledge
(Shared model and fully linked)
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Properties of Linked Knowledge

Current Desired

* No domain model Shared domain models

* Sparse links * Rich links
* Not curated * Curated
* No provenance data * Provenance data

Not current Up to date




Outline

* Examples of Using Linked Knowledge



American Art Collaborative

* Building a virtual museum of American art

* Rich, interlinked repository of cultural heritage

knowledge

* 13 U.S. museums with
large collections of
American art

e Shared domain model
e Links across museums

e Links to other sites
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Crystal Bridges, and Amon Carter museums of

American art



Virtual Museum of American Art
Wan JIng, Author
Sanford Robinson Gifford

gifford_sanford_robinson.jpg

Born:Creenfield, New York, United States 1823

Died:New York, New York, United States 1880

Biography

Details |

Implemented in Scalar (scalar.usc.edu)

Links
Smithsonian American Art Museum

Wikipedia

Works
Classic Scene I Crystal Bridges Museum of American Art |

From the Shawangunk Mountains 18231880 Smithsonian American Art Museum

India
" ] Crystal Bridges Museum of American Art I

Lake Meron, Source of the Jordan April 12th 1869  Crystal Bridges Museum of American Art

Mount Hermon i :
—— Febl Amon Carter Museum of American Art I

Studies of Eyes  Crystal Bridges Museum of American Art

The View from Eagle Rock, New Jersey I Amon Carter Museum of American Art |

Valley of the Chugwater, Wyoming Territory  Amon Carter Museum of American Art

Villa Malta, Rome 187¢ Smithsonian American Art Museum

Whiteface Mountain from Lake Placid 1866' Smithsonian American Art Museuml

Sanford Robinson Gifford grew up in the Hudson River valley and returned frequently throughout hisli /

studied drawing in New York and made many sketching trips into the Catskill, Adirondack, and Sh
mountains. He traveled extensively in Europe, and one of his friends, the painter Worthington Whi

Smithsonian American Art Museum

remembered that Gifford would often disappear without telling anybody where he was going, only to return two
years later “as if nothing had ever happened.” Gifford painted in warm colors and often added many layers of
varnish to emphasize the effects of light and atmosphere. His paintings showed familiar, friendly views of the
American landscape, and he was once criticized for being unable to paint “anything but warmth.” (Avery and
Kelly, eds., Hudson River School Visions: The Landscapes of Sanford R. Gifford, 2003).
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ANDY WARHOL

Andy Warhol (August 6, 1928 — February 22, 1987) was an American artist who was a leading figure in the visual

art movement known as pop art. Revert Text
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Peacebuilding Data

* Peacebuilding

 |dentify and implement interventions that can
prevent violent conflicts

* Today

 Lots of data available to identify indicators of
possible conflicts

e But difficult to find and analyze the data

World-Wide Human
World Health

e Geography Data
Organization United Nations Working Group Strauss Center



Armed Conflict Events in the MRU
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Food Security Indicators from UN
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Goal: Use the data and interconnections to
predict conflicts and identify interventions
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Outline

*Creating Linked Knowledge



Steps to Create Linked Knowledge

* Map data to a common representation
... select ontologies
... create a semantic model using the ontologies
... generate RDF

* Link to external Fresources
... identify the links
... curate the links



select ontologies
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create a semantic
model using the
ontologies



Semantic Model

Describes the source in terms of the concepts and relationships
defined by the domain ontology

Domain Ontology
bornin nearby

\ /sPartOf

\ > Place

birthdate
4-‘~

~ livesin

—<<0 \name
. >
\gosta/Code
~-__>
ty —> State
state

—> object property
-==>» data property

= subClassOf
la" ,_/ v
\'4 v/ name
Source
lllllﬁﬂhﬁlﬂllllIldﬂmHHZl“lﬁﬂﬁﬁﬂ!lﬂllliﬁﬂhﬁﬂﬂlllIIIEHMHMEIII
Bill Gates Oct 1955 Microsoft Seattle
Mark Zuckerberg May 1984 Facebook White Plains NY

Larry Page Mar 1973 Google East Lansing Ml



Semantic Types

birthdate name !name I name

Bill Gates Oct 1955 Microsoft Seattle

Mark Zuckerberg May 1984 Facebook White Plains NY
Larry Page Mar 1973 Google East Lansing Ml



Relationships

bornin

state
worksFor

name

Bill Gates Oct 1955 Microsoft Seattle
Mark Zuckerberg May 1984 Facebook White Plains NY

Larry Page Mar 1973 Google East Lansing Ml




Karma

Interactive tool for rapidly extracting, cleaning, transforming,
integrating, and publishing data

(

% Tabular
Sources

N\

y
. . w
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L J
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~
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[ Knoblock, Szekely, et al. Semi-automatically mapping
structured sources into the semantic web. ISWC 2012 ]



Karma in Action

L
Import Database Table Import from Service # Import File... ﬂ‘ n ke d D at a

Command History - crystal-bridges-records_Sheet1 ror . n & -
SAAMCHO M a p p \ g
Import Excel File: crystal-bridges-records.xlsx [ &
Show Model: crystal-bridges-records_Sheet1 oregior
Set Semantic Type: title of SAAMCHO ST TR ) title* created medium format
; dateOfBi

prefLabel” e GateOeatn
Set Semantic Type: dateOfBirth of 3 : C : 3 == $ - $ ° - $ $ . $
SaamPerson Attribution ~ Alpha Sort %‘Zﬁ:gg"t‘; Dimensions
Set Semantic Type: dateOfDeath of T Bearden.
SaamPerson Romare Bearden Romarej 1911 1988 Sacrifice 1941 1941 Gouache and casein on paper
Set Semaniic Type: medium of SKAMCHO Ge"ége?lxis'ey GeoBrS!aIOV\:’Z‘s loy 18821925 ExcavationatNight 1908 1908 Oil on canvas
Set Semantic Type: format of SAAMCHO

George Wesley Bellows, . .
Set Semantic Type: created of CHO Bellows George Wesley 1882 1925 The Studio 1919 1919 Qil on canvas

- — Thomas Hart Benton,

Set Semantic Type: title of SAAMCHO Benton Thomas Hart 1889 1975 The Ste
Publish RDF: Thomas Hart B
Publish the Model: Benton Thol

George de Forest  Brush

De';';';k“;:"er B””k:ﬂri‘ugre””"" 1861 1890 Anne Page 1887 1887 Oil on canvas

Appliquéd found knitted and
Nick Cave Cave, Nick 1959 Soundsuit 2010 2010 crocheted fabric, metal armature,
and painted metal ...

97 x 48 x 42 in. (246.4 x 121.9
x 106.7 cm)



Crystal Bridges RDF Data

cb:SAAMCHO Robert Louis Stevenson and His Wife
a saam:SAAMCHO 5
dcterms:created "1885" 5
dcterms:creator cb:SaamPerson John Singer Sargent ;
dcterms:medium "Oil on canvas" ;
dcterms:title "Robert Louils Stevenson and His Wife”

cb:SAAMCHO Room
a saam:SAAMCHO 5
dcterms:created "2007" 5
dcterms:creator cb:SaamPerson Alison Elizabeth Taylor ;
dcterms: format "96 x 120 x 96 in. (243.8 x 304.8 x 243.8 cm)"
dcterms:medium "Wood veneer, pyrography, and shellac" ;
dcterms:title "Room”

cb:SaamPerson John Singer Sargent
a saam:sSaambPerson ;
ont0:dateOfBirth "1879", "1885" ;
ont0:dateOfDeath "1925" ;
skos:preflLabel "John Singer Sargent"




Approach

v

~ )
Generate
Learn Candidate Models

o / \ \_ Semantic Types /  Construct a Graph) \_ )

Fred Collins | Oct 1959 Seatle WA Microsoft
Tina Peterson 1 May 1980 I New York | NY [ Google

Sample Data

Dorhain Ontology

Rank Results




Learning Semantic Types

* Requirements:
e Learn from a small number of examples
* Distinguish both string and numeric values

* Can be learned quickly and is highly scalable to large
numbers of semantic types

Domain Ontology

bornin nearby

birthdate .
€. livesin isPartOf

==
N e
N e ——

— "\postarCode
\ e N

City —> State
state

Person
1

-”
< hame ceo
worksFor!
ttle,! ! I‘\?O%

Organization  _--=" ; NN
phone,/ v istartDaté
e *

birthdate

Fred Collins Oct 1959 Seattle Microsoft

“©
S
6 mms

-'
,;’name

Tina Peterson May 1980 New York NY Google




Learning Semantic Types

* Textual Data

* Treat each column of data as a document Textual
Apply TF-IDF Cosine Similarity Data
Dimensions
H:3.5in, W: 2.5in
Term: TF-IDF score
H: 64 in, W: 51.5in, h: 0.375
D:.75in w: 0.336

™ in: 0.491

tf(t.d) = frequency'’?
L: 57 in, center centre: 0.241 ]
back: 23 in back: 0.301 |
* . numblocs
..... 'MU‘U,:] =1+ I_gg(—)

docFreq+1

Vig)l.[V(d)l

TF-IDF
Cosine

sim(q,d) =
Similarity

Extent

52.1x 71.4 cm (20 Term: TF-IDF score
1/2x28 1/8in.) h: 0.414
| w:0.364
93/4 %7916 in. “1 d: 0.245
cm: 0,354
H: 19xW: 151/4 x in: 0.395

D: 81/4in.




Learning Semantic Types (cont.)

* Numeric Data:

* Apply statistical hypothesis testing to
determine which distribution fits best

Apply Kolmogorov-Smirnov Test
* Combined Approach:

* Classify each set of data first and apply
appropriate test

* If ambiguous, apply both methods

* Top-k suggestions returned based
on the confidence scores

107875

47823

60704

81034

Cumulative Probability
= o o
i .8 [89] a4 Y

=
M

Numeric

Data

Number of
people

11070

41542

33039

780058

%

0
X

Dy, Ny, =sup |Fi n, (x) — Fo n, ()]
N

2

4




Evaluation

Accuracy
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===TF-|DF Cosine Similarity
<+« +CRF
= Jaccard Similarity

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20

Number of labelled sources in training

Combined approach
achieves 97% accuracy
on the top-4 accuracy

Reduced the training
time from 110s to 0.45s

Accuracy
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Construct a Graph

Construct a graph from semantic types and ontology

city [«-g-

workplace

narfe N 1 O% birthDate
| = |

name date




Determine Relationships

Select minimal tree that connects all semantic types

* A customized Steiner tree algorithm [Kou & Markowsky, 1981]

name

City &n_

Initial Model e

@ name

>

state

name/ﬂ

‘

workplace

Person

narrs,o/ ~® _birthDate
¥ |

name date




Result in Karma

personalinfo UTF-8 &
[ Organization1 v]
ceo
hJ
[ Person1 vI City1 v)
staie
location
v
[ State1 v]
name birthDate name name name
é é é é é
date i workplace
Fred Collins Oct 1959 Seattle WA Microsoft
Tina Peterson May 1980 New York NY Google

Richard Smith Feb 1975 Los Angeles CA Apple




Refining the Model

Impose constraints on Steiner Tree Algorithm

city

Correct Model

@ name
\

4

Organization

state

name/ﬂ

¥

workplace| 4

Person

narﬂg‘r \B\I\oirthDate
| |
name birthdate

date



Final Semantic Model

personalinfo UTF-8 &
[ Person1 v]
bornin worksFor
A\ hJ
City1 vI Organization1 v)
state
A\
[ State1 v]
name birthDate name name name
5 é é é é
date workplace
Fred Collins Oct 1959 Seattle WA Microsoft
Tina Peterson May 1980 New York NY Google
Richard Smith Feb 1975 Los Angeles CA Apple




Improved Approach
Taheriyan et al,, ISWC 2013, ICSC 2014
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Results on 17 Geospatial Sources

Source Signature #Attributes| Previous Current
work Approach
nearestCity(lat, lng, city, state, country) 5 6 1
findRestaurant(zipcode, restaurantName, phone, address) 4 1 0
zipcodesInCity(city, state, postalCode) 3 3 1
parseAddress(address, city, state, zipcode, country) 5 6 1
citiesOfState(state, city) 2 1 0
ocean(lat, lng, name) 3 2 1
postalCodeLookup(zipCode, city, state, country) 4 6 1
country(lat, Ing, code, name) 4 2 0
companyCEO(company, hame) 2 1 0
personallnfo(firstname, lastname, birthdate, brithCity, birthCountry) 5 4 1
businessinfo(company, phone, homepage, city, country, name) 6 10 8
restaurantChef(restaurant, firstname, lastname) 3 2 1
findSchool(city, state, name, code, homepage, ranking, dean) 7 8 6
employees(organization, firsthame, lastname, birthdate) 4 1 2
education(person, hometown, homecountry, school, city, country) 6 9 4
administrativeDistrict(city, province, country) 3 4 1
capital(country, city) 2 2 1
TOTAL 68 68 29

GED = Graph Edit Distance

57% improvement




Results on 6 Museum Sources

GED
Source Signature #Attributes| Previous Current
work Approach

S1(Attribution, BeginDate, EndDate, Title, Dated, Medium,
Dimensions) 7 1 0
S2(ObjectID, ObjectTitle, ObjectWorkType, ArtistName,
ArtistBirthDate, ArtistDeathDate, ObjectEarliestDate, ObjectRights, 9 2 3
ObjectFacetValue1)
S3(death, birth, name) 3 0 0
S4(accessionNumber, artist, creditLine, dimensions, imageURL,
materials, relatedArtworksURL, creationDate, provenance, 10 9 6
keywordValues)
S5(AccessionNumber, Classification, CreditLine, Date, Description,
DimensionsOrphan, WhatValues, Who, image, relatedArtworksValues) 10 9 5
S6(Artist, ArtistBornDate, ArtistDiedDate, Classification, Copyright,
CreditLine, Image, KeywordValues, Ref, SitterValues) 10 8 6
TOTAL 49 29 20

GED = Graph Edit Distance

31% improvement




8 oo ]

/ Karma Data Integration

dimensions ~

creationDate ~

materials ~ sourceURL ~

[ € ) & localhost: 8080/ # c |8 QB 4 A @O = ~ v = a
Karma v2.024 import ~ Manage Models Reset .., User Guide Karma Home OpenRDF
Command History s04-ima-artworks.json - UTF-8 s A
Name: s04-ima-artworks.json | Prefix: s | Base URI: http://localhost:8080/source/
Import JSON File: s04-ima- »
artworks.json imported ( EuropeanaAggregation2 ']
aggrega'tedCHO
( CulturalHeritageObject2 )
creetor subJect hasylew
Person1 Concept2 w ( WebResource2 v)
nameOfThePerson created extent prefLabel medium uri title
3 3 3 3 3 3 3

Frishmuth,
Harriet Whitney

Archipenko,
Alexander

Benton, Thomas
Hart

Karma Home: /Users/dipsy/karma-projects/automodel

lest-small/

H: 61 in,

1917 H: 12 3/4 in.

about 1942

Iifi

Model Endpoint: hitp://localhost:8080/openrdf-sesame

/repositories/karma_models

bronze http:.//www.imamuseu. ..
fart/collections/artwork
fioy-waters-frishmuth-

harriet-whitney

bronze with
green patina

http:/Awww.imamuseu...
fart/collections/artwork
fconcave-or-standing-
woman-archipenko-

oil on canvas http://www.imamuseu...

fart/collections/artwork

Mannr lInnb anhitahins

Joy of the
Waters

Concave or
Standing
Woman

Henry Look
Unbhitching

Data Endpoint: http//localhost:8080/openrdf-sesame

/repositories/karma_data



/ Karma Data Integration |

artist ~

dimensions ~

keywords ~

creationDate ~

it/ &
\J localhost:8080/# o el (@3- A B I AD P = a
Karma v2.024 Import ~ Manage Models Reset ... User Guide Karma Home OpenRDF
s04-ima-artworks.json - UTF-8 o A
Name: s04-ima-artworks.json | Prefix: s | Base URI: http://localhost:8080/source/
Import JSON File: s04-ima- [y
( EuropeanaAggregation2 v)
aggrega'tedCHO
( CulturalHeritageObject2 v)
cregtor subJ‘ect hasyiew
(weresoueez )
nameOfThePerson created extent prefLabel medium Ui title
3 3 3 3 3 ! 3

materials ~ sourceURL ~

Frishmuth,
Harriet Whitney

Archipenko,
Alexander

Benton, Thomas
Hart

Karma Home: /Users/dipsy/karma-projects/automodel-

test-small/

H: 61 in.

1917 H: 12 3/4 in.

about 1942

Model Endpoint: http://localhost:8080/openrdf-sesame

/repositories/karma_models

bronze http:/fwww.imamuseu... Joy of the
fart/collections/artwork Waters
fjoy-waters-frishmuth-
harriet-whitney

bronze with http:/fwww.imamuseu... Concave or

green patina fart/collections/artwork Standing
/concave-or-standing- Woman
woman-archipenko-

oil on canvas http://www.imamuseu... Henry Look
/art/collections/artwork Unhitching
Mhann: lnal anhitrhins

Data Endpoint: http://localhost:8080/openrdf-sesame

/repositories/karma_data

L



identifying and
curating links



Multiple “John Singer Sargent”

cb:Person_John Singer Sargent

a aac-ont:Person
ont0:dateOfBirth
ont0O:dateOfDeath

foaf:name "John Singer Sargent"

.
14

"1879", "1885" ;

"1925"

4

ima:Person_John Singer Sargent
a aac-ont:Person
dct:date "1856-1925"
foaf:name "John Singer Sargent"

dallas:Person_John Singer Sargent
a aac-ont:Person ;
ont0:dateCfBirth "1856" ;
ont0:dateOCfDeath "1925"

foaf:name "John Singer Sargent”

saam:Person_ 4253
a aac-ont:Person ;
aac-ont:associatedPlace
saam:SaamPlace 1357324439768t1r13950 O,
saam:SaamPlace 1357324439768t1r13951 O
saam:constituentId "4253"
rdaGr2:biographicalInformation
“Painter. Sargent traveled .." ;

rdaGr2:dateOfBirth "1856-1-12" ;
rdaGr2:dateOfDeath "1925-4-15"

foaf:name "John S. Sargent" ;
skos:altLabel "John S. Sargent" ;
skos:preflabel "John Singer Sargent"

.
’

rdaGr2:dateAssociatedWithThePerson "1990-10-17, "1995-5-8" ;

rdaGr2:placeOfBirth saam:SaamPlace 1357324439768t1r13952 0 ;
rdaGr2:placeOfDeath saam:SaamPlace 1357324439768t1r13953 0 ;

met:Person John Singer Sargent
a aac-ont:Person ;
ontO0:placeOfResidence
"North and Central America',
"United States" ;
foaf:name "John Singer Sargent”




a sag=

ont0:dat
foaf:nam

sSaam =

sag= -
sag= i 24439768t1rl]
saam:i= =

24439768t1rl]

531! ;

rdaGi= ormation
“Paéi aveled .." ;

rdaGq ithThePerson

rdaGy= S5S6-1-12" ;

rdaGy=
rdaGr=

rdaGy
skos:
skos:

25-4-15"

am: SaamPlace |

am: SaamPlace |
Sargent" ;

: SaamPerson
"1856-1925"
"John Singer Saza

inger Sargent"



Interactive Linking in Karma

Integrated a linking services that allows a user to
reconcile the entities with other sources

[ Person2 v)
clas;Link closeyatch
[ Person1 v
. Invoke Reconciliation Service
constituentid* ' label b , j
3 x - b4 Invoke MIL Service

ConstituentlD DisplayName BeginDate EndDate DisplayDate

6 http://dbpedia.org/resource/Mary_Abbott 1.0 | Mary Abbott 1921 M’C”it';e::‘;”k
http://dbpedia.org/resource/St_Mary_Abbots 0.71
http://dbpedia.org/resource/Rhoda_Abbott 0.58

born Concord,

. . Herbert VT 1858-died

23 http://dbpedia.org/resource/Herbert_Adams 1.0 Adams 1858 1945 New York City

1945
http://dbpedia.org/resource/William_Herbert_Adams 0.61
http://dbpedia.org/resource/Grantley Herbert Adams 0.59
e it lidbnediasrsisesalrce/Herhed AdamsJeculatan . . o e 054



Intuition

Estimate discrimination power of properties,
e.g., of name, birth and death dates

—
birth date death date # of people
every 1800 1820 147
combination =<
of dates 1800 1821 284
1800 1822 213
N—

similar idea to

Song, D., Heflin, J.: Domain-independent entity coreference for linking ontology instances.
ACM Journal of Data and Information Quality (ACM JDIQ) (2012)



Linking “John Singer Sargent”

saam:Person_4253

owl:
owl:

owl

owl

sameAs
sameAs

:sameAs
owl :
owl :

sameAs
sameAs

:sameAs
owl :

sameAs

cb:Person John Singer Sargent ;
dallas:Person John Singer Sargent ;
ima:Person John Singer Sargent ;
met:Person John Singer Sargent ;
dbpedia:John Singer Sargent ;
nytimes:N49129220686803623753 ;
w-flick:John Singer Sargent ;




Evaluation of Automatic Linking

SAAM names starting with “A” matched by hand
* 535 people * 176 matches

—==Preacision

0.9999 0.9997 0.9995 _ o
estimate = 30 missing

Matching score links to DBpedia

r .99 Precision/Recall

0.9

0.8

0.7



Curating Links with Karma

£™ Person_7024 1923 2004
S

Karma propo
d —
| 3 Pirs_;on_mes
o D
i %‘:’3 Person_3946

AT
_ 5{ u;& Person_70

-
o D
AT
€ ..3 Pi@on_maa?
™
%‘;E Piljs.'.on_1?24
Déa 9
[
£ ..:“ Pil?on_EEM
AT,
| € .ﬁ Person_27474

1923

(1917

1607

1600

1895

1893

1905

1903

1948

1948

1914

1914

1933

1933

1605

1605

2NA

ses \’mksl

2009

1656

1665

1978

1978

1978

1978

1638

Anthony Hecht

“nthony Hecht
wdrew Wyeth
Andrew Wyeth

Aniello Falcone

Aniello Falcone

Abraham Rattner

Abraham Rattner

Arturo Pacheco £

Arturo Pacheco £

Abelardo Morell

Abelardo Morell

Abram Games

Abram Games

Adela Akers

Adela Akers

Adriaen Brouwer

Adriaen Brouwer

Verified by Human
4 [2012-11-08 12:24:10] History

Verified by Human
A [2012-11-08 12:24:09] History

Exact match (0.99999704)
[2012-11-21 15:54:22] History

Verified by Human
A [2012-11-08 12:24:07] History

Verified by Human
K 2012-11-08 12:24:10] History

Verified by Human
A4 [2012-11-08 12:24:06] History

Verified by Human
X [2012-11-08 12:24:05] History

Verified by Human
A4 [2012-11-08 12:24:09] History

Verified by Human
X [2012-11-08 12:24.06] History

Mot Match

Mot Match

Mot Match

Mot Match

Mot Match

F:omment here

=3 ' yyman verifies them

Mot Match

Mot Match

Mot Match

Unsure

Unsure

Unsure

Unsure

Unsure

Unsure

Unsure

Unsure

v



Clll‘ati o | ) 11 /\

R ——— Smithsonian American Art Museum N
:. | the NER - > "aff Collections » Site
1 9 Person_7024 Search Collections Site Map

) X reate accoun
‘ Person_5502 ”, .
4 Q

A Article Talk Read Edit View hist Search
De o

1 NC

Andrew Wyeth

} Y = Search data.nytimes.c
P —— RN Linked Open Data™**
1 % er'son_ Contents
] e 24 cd
| od D reawred <Ml Wyeth, Andrew
| e ‘ Current eve
: Random & http://data.nytimes.com/65521524276539244133 About Tl
Donate nyt:associated_article_count 6
Wikimedia
nyt:first_use 2006-04-18
v Interactio
Help nyt:latest_use 2009-06-07
About Wi nyt:number_of_variants 1
Commui
nyt:search_api_query http://api.nytimes.com/svc/search/v 1/article?query=+nytd_per_facet%3A%5B8Wyeth%2C+Andrew%5D&rank=ne

Recent dl

= Contact &fields=abstract,author,body,byline,classifiers_facet,column_facet,date,day_of week_facet,des_facet,desk_face

! geo_facet,lead_paragraph,material_type_facet,multimedia,nytd_byline,nytd_des_facet,nytd_geo_facet,

] nytd_lead_paragraph,nytd_org_facet,nytd_per_facet,nytd_section_facet,nytd_title,nytd_works_mentioned_facet,

\ % Person_1724 ‘ org_facet,page_facet,per_facet,publication_day, publication_month, publication_year,section_page_facet,

' ;E 4_:9 » Prinvexpd small_image_height,small_image_url,small_image_width,source_facet,titie,url,word_count,works_mentioned_face
';t'.-r.n’!

» Toolbox

~ Languag nyt:topicPage http://topics.nytimes.com/top/reference/timestopics/people/w/andrew_wyeth/index.html

3 ol |

.j Person_6274 Cesky owl:sameAs http://data.nytimes.com/wyeth_andrew_per

|‘] I:%a 5_3 Deutsch owl:sameAs http://dbpedia.org/resource/Andrew_Wyeth

i e owl:sameAs http://rdf freebase.com/ns/en.andrew_wyeth

i‘ % Person_27474 rdf:type http://www.w3.0rg/2004/02/skos/core#Concept

: skos:definition - en Andrew Wyeth, one of the most popular and also most lambasted artists in the history of American art, died Jan.

2009, at his home in Chadds Ford, Pa. He was 91.
He was a reclusive linchpin in a colorful family dynasty of artists whose precise realist views of hardscrabble rur

4 e
| o D 1605 -

S e S Ay



Related Work

* Source modeling

* Semantic typing of inputs and outputs [HeR et al., 2003] [Lerman et al., 2006]
[Stonebraker et al., 2013]

* Schema mapping (e.g., Clio [Fagin et al., 2009])

* Mapping languages (e.g., D2R [Bizer, 2003], D2RQ [Bizer and Seaborne, 2004],
R2RML [Das et al., 2012])

* Linking

* Tools for linking data across sources (e.g., Silk [Volz et al., 2009], LIMES [Ngomo
& Auer])

e Support for missing values and variation in discriminability [Song & Heflin,
2012]

* Knowledge graphs

* Google Knowledge Graph & Microsoft Santori knowledge repository
* Linked Data Integration Framework (LDIF) [Schultz et al, 2012]



Related Work:
Cultural Heritage Data

4 Semantic Web: The Inside % Portrait of Dorothy Barnar %

C' | [) www.europeana.eu/portal/record/2022304/024D287AF1C2983405EEBAIESDA201FD2... T7| =

* Europeana project (Haslhofer & Isaac, 2011) @
e 30 million objects from 2,300 institutions

?.L]m?%ana Search ¥ john singer sargent Help

* Integrated, but shallow domain model with Qf'
Ilmlted Semantlcs and SparSEIy ||nked Return to search results < Previous Next >

e ISOlated jewels Portrait of Dorothy Barnard

Description: Artist: Sargent, John Singer, painter -
& American artist, 1856-1925; Date(s): 1889;

Ik Classification(s): painting, painting, painting (image-
¢ A m Ste rd a m M U S e U m ( Boe r et a I, 20 1 2) e making), cil on canvas; Acquisition: bequeathed by
Barnard, Dorothy, 1949 [PD.34-1948]

Creator: The Fitzwilliam Museum, Cambridge, UK

® Museum Finland (HyVOnen et al., 2005) View item at Type: Image

@ Free access - no re-use

Fitzwilliam Museum & Format: text/html|
* LODAC museums in Japan @ share Sublec: Srgent Jen Singer s plning
! e http://www.fitzmuseum.cam.ac.uk/opacdirect/3851.ht
( M ats umura et d I 4 20 1 2) \;{f :r'::;t:"::’::'s'a Ir:Ipart of; Fitzwilliam Museum
° British Museum (collection.brishmuseum.org) = = = e aeum canire, e

Data provider: Fitzwilliam Museum

* Detailed models, but few links



Discussion
Ability to create linked knowledge

e Shared domain models

Karma provides semi-automatic and interactive approach to
building the source models

e Rich links

Integrated an initial linking capability in Karma — now working on
general capability

Curated

Curation approach currently being integrated into Karma

* Provenance data

Now store basic provenance info using PROV, but more to be done
Up to date

Source models make it possible to refresh the data, but more to be
done



Future Work

* End-to-end approach to building linked
knowledge in Karma

* Learning links from exampies smithsonian Amercr ;—.E eyt srides
e Extraction from text Natonl Prtr -~
* Visualization tools = Gmm%r?m
* Ontology refinement e ' ety
Dallas Museum
* Transformation learning ;" . o ecoiaz :
. The Metropolitan ) t

* Geospatial data support Museum of At |,

of Art
([

Support for cloud-based execution



inks
http://www.isi.edu/integration/karma/

OWatthers - Informationint:

€« & GitHub, Inc. [US] | https://github.com /InformationintegrationGroup/Web-Karma/watchers b

This repository > | Search or type a command @  Explore Gist Blog Help % caknoblock +- ¥

o -

(@ Jained on May 07,2013

® Joined on Jun 07, 2013

(@ Jained on Aug 05, 2013

InformationintegrationGroup / Web-Karma @ Unwatch~ 48 SrUnstar 43 YFork 25
Watchers o
Mohsen Taheriyan Jose Luis Ambite Bo Wu
' @ Joined on Sep 23, 2011 i uscas & University of Southern Califo... o
- & Follow & Follow & Follow 1
55|
xintongzhang yingzhang " Xuming Zhu
@ Joined on May 31,2012 @ Joined on Jun 06, 2012 - @ Joined on Jul 10,2012 "
I I i Follow & Follow I H I i Follow
Luls
Frank Yang | Pedro Szekely Gully Burns
& Nanchang Hangkong Univer... & uscas Eruscrisi P
& Follow & Follow & Follow
Shra nivi211 aditya2kx
(® Joined on Feb 08, 2013 (@ Joined on Feb 08, 2013 T (@ Joined on Nov 25, 2012
& Follow & Follow H & Follow
fufubar Shrikanth Narayanan Ayush Jaiswal
@ Joined on Apr 23, 2013 & softcorner i Q Kolkata
~ | §Follow & Follow i Follow
“ thuhujin shaarif H georgekon
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