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SW and LOD

® The Semantic Web is a loosely defined program to make web
semantics more explicit and machine-processable

® VW3C standards: RDF OWL, SPARQL, RIF, JSON-LD

® Triple languages (RDF as abstract data structure)
data: ® d:Miles Davis do:recordLabel d:Columbia Records .
SChema: ® do:Musical Artist r:subClassOf do:Person .

quer)/: ® select ?x where {?x a do:Musical Artist} .



iNnferences

SChema: ® do:Musical Artist owl:equivalentClass [do:Artist
[ some :plays :Music ]]

data: @ d:Miles Davis a do:Artist ; :plays d:Jazz . d:Jazz a :Music

more data: ¢ > d:Miles Davis a do:Musical Artist

quer’)l ® select ?x where {?x a do:Musical Artist}

W/enta”ment: e —> d:Miles Davis



® lLinked (Open) Data is a set of principles to
publish data on the Web

® open formats

® W3C triple formats (RDF, JSON-LD, SPARQL)
e URI

® vocabularies (aka schemas or ontologies)

® links (owl:sameAs the most used)



« http://dbpedia.org/resource/Bernard_Teissier ( describe )
o http://dbpedia org/property/workplaces ( describe )

describe
wemmiimsisiy dbpedia:Paris_Diderot_Uni

o http://dbpedia org/property/almaMater ( describe )
» hup://dbpedia.org/resource/Pans_Diderot_University
o http://dbpedia.org/ontology/almaMater ( describe ) °
» hup://dbpedia.org/resource/Paris_Diderot_University
« hitp://dbpedia.org/resource/Yves_Colin. de_Verdi%Ci%ASre ( describe ) ve rs It
o http://dbpedia.org/property/almaMater ( describe )
» hitp://dbpedia.org/resource/Paris_Diderot_University
o hup://dbpedia.org/ontology/almaMater ( describe )
» hutp://dbpedia.org/resource/Paris_Diderot_University
« http://dbpedia.org/resource/Jean- Yves Girard ( describe )
o http:/dbpedia org/property/almaMater ( describe )
» hutp://dbpedia.org/resource/Paris_Diderot_University
o hup://dbpedia org/propenty/workplaces ( describe )
= hutp://dbpedia.org/resource/Paris_Diderot_University
o http://dbpedia org/ontology/almaMater ( describe )
» http://dbpedia.org/resource/Panis_Diderot_University
« http://dbpedia.org/resource/Paris_Diderot_University ( describe )
o hup://www,w3 org/1999/02/22-rdf-syntax-ns#1ype ( describe )
» http://dbpedia.org/ontology/Organisation
» http://www.opengis net/gml/_Feature
» http://umbel.org/umbel/rc/University
» hup://schema.org/Organization
» hup://dbpedia.org/ontology/Agent
» http://umbel.org/umbel/rc/EducationalOrganization
» http://schema.org/CollegeOrUniversity
» hup://dbpedia.org/class/yago/EduCAtionallnstitutionsEstablishedIn 1971
» hup://dbpedia.org/ontology/EducationalInstitution
» http://schema.org/EducationalOrganization
» http://www.w3.0rg/2002/07/owl#Thing
» hup://dbpedia.org/class/yago/UniversitiesAndCollegesinFrance
» hup://dbpedia.org/ontology/University
o hup://www.w3.0rg/2002/07/owl#sameAs ( describe )
» hutp://cs.dbpedia.org/resource/Univerzita_PafZz_VII
» http://es.dbpedia.org/resource/Universidad_de_Parfs_VII_Denis_Diderot
» hup://ru.dbpedia.org/resource/Yuusepcurer_Hapiek_Jwipo
» hup://sw.cyc.com/concept/Mx4rvBCk7aSwSR6sgp_pV7uPVg
» hup:/frdbpedia.org/resource/Université_Paris_VII_-_Diderot
» http://rdf freebase com/ns/m.075p60
» http://de dbpedia.org/resource/Universitit_Paris_VII
o hup://dbpedia.org/property/chancellor ( describe )
» Maurice Quénet

» Chancellor of the Universities of Paris
o hup://dbpedia.org/ontology/abstract ( describe )

» L'université Paris Diderot est une université pluridisciplinaire située & Paris en France, et elle est une des sept universités de l'académie de Paris. Elle
déménagement en 2007 du campus de Jussicu, elle est principalement implantée dans le quartier de Paris Rive Gauche. L'université est membre du Pl
domaine des sciences, des formations du domaine de la santé, des sciences humaines et sociales, ainsi que des arts, lettres et langues. Ses activités de
grands organismes de recherche) et regroupent prés de 2 300 doctorants et 2 000 enseignants-chercheurs. Elle forme prés de 25 000 étudiants. Parmi |
deux autres ont exercé la fonction de ministre de I'éducation nationale en France.

o Yimepcurer IMapix VII mvenn Jdewn Ingpo — dpasuysckuit rocyapersennsul yuusepceurer, ocnosan 8 1970 rogy scaejcrane pasgeacuns Y umuse
mmuaﬁcuomyrmncpcml.lm'ryumuwr 101 —151 mecro, 35-38 mecto B pefimunre ¢ ncﬁcxnxymmcpcmcm.u#Suecmnpc#nmq

» Truwdng Dai hoc Paris 7, con goi 12 Treomg Dai hoc Paris Diderot, 12 mit trong nhi&u tneémg dai hoe cda viing Panis. Truong Dai hoc ndy nim & Quil
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RelFinder T w f @ &
between examples
(1) Weather Report
(2)  MoesDavis
add cloar Find Relations
%l
]
Filter by: relations: (76/76)
& length g dass & lnk & connec...
number of objects A Mum vi
1 28/28 =
2 48/48 =
Wayne Shorter - v

More Infos: gbpedia.crg

Wayne Shorter (born August 25, 1933) Is an Amernican
jazz saxophonist and compaser. Jazz critic Ben Ratidff of
the Now York Times wrote that Shorter is "gencrally
acknowledged to be jazz's greatest living compaser, *
Many of Shorter's compositions have become Jazz
standards. His output has earned worldwide
recognition, critical praise and various commendations,
nduding muRiple Grammy Awards. Shorter first came
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a success SWV story: the knowledge graph

Go gle george garzone n +Aldo

Web Videos News Images Shopping More ~ Search tools

George Garzone

www.georgegarzone.com/ ~ George Garzo ne

George Garzone. along with, Emesto Jodos piano, Pepi Taveira drums, Jeronimo
Carmona bass. 20th anniversary of the legendary record stere's Jazz Minton ...

Musical Artist

George Garzone is a saxophonist and jazz educator

rae rzone - Wikipedi fr n | i residing in New York City. Saxophonist George Garzone is
Geo g G,a. ey o Po a', the ‘ee ole i oPed a a member of The Fringe, a jazz trio founded in 1972 that
en.wikipedia org/wiki/George Garzon Wikipedia . 3 v

: includes bassist John Lockwood and ... Wikipedia
George Garzone (bom September 23, 1950) is a saxophonist and jazz educator
residing in New York City. Saxophonist George Garzone is a member of The ... Born: September 23, 1950 (age 63), Boston,
Biography - Discography - Performances with prominent ... - Notable students Massachuselts, United States

Education: Berklee College of Music

Albums: One Two Three Four, Four's and Two's, Alone
Images Report images

People also search for

Jerry Joe Lovano  Danilo Dave Donny

B3 More images for george garzone Bergonzi Pérez Liebman McCaslin

Meet JodyJazz Artist George Garzone - JodyJazz Saxophon...
www.jodyjazz com/endorser/GeorgeGarzone ~

Saxophonist George Garzone is a member of The Fringe, a jazz trio founded in 1972
that includes bassist John Lockwood and drummer Bob Gullotti, that ...

George Garzone on Articulating with 8th Notes - YouTube
www.youtube com/watch?v... ¥ YouTube -

Nov 9, 2010 - Uplocaded by D'Addaric Woodwinds

| Want to Talk About You version George Garzone e invitadosby




LOD - NLP interface

® Reuse NLP output in LOD (triple
enrichment)

® Reuse LOD in NLP systems (background
knowledge)



Knowledge Extraction and the SW

» Historically SW mainly worked on ontology learning

— unconvincing results: sparseness, core knowledge difficult to
catch, etc. (cf. Coppola et al. 2009, Blomqvist, 2009)

— natural language understanding known to be an Al-complete

problem

* The paradigm of machine reading (Etzioni, 2006) fits the lightweight

and/or data-driven trend of current SW

* More important, semantic technologies in the large need

hybridization

QA, NL querying on LD,
full text search jointly with
queries, ...

Apple Siri, Google Now,
SRI startup Desti

Facebook Social Graph

Google Knowledge Graph

IBM Watson
OIE, NELL, BabelNet, ...



Some projects in the interface

Projects dealing with the architecture of the interface

Apache Stanbol (platform for integrating LOD querying, indexing, and
refactoring with NLP text analyzers)

NERD (integration of NER systems)
FOX / conTEXT (LOD hybridization and visual analytics out of NER)

FRED (LOD hybridization out of multiple NLP analyzers, running on
top of Boxer, Stanbol, WSD,NER, plus pattern-based NL semantics)

Projects using the interface

DELPH-IN (RDF for Minimal Recursion Semantics)

Quepy
BabelNet, OIE, NELL, IBM Watson, Google KG, ...



Quepy
=3

Ov R/

in this demo we demonsirate the use of the Quepy Samework by generating guenes 10 be ran in the DBpedia database or the Freebase

Gatabase

10 CREe AN ADONCHDON N thas 0N OF viow the !

1O latern MOre DO The Samewdrk chack L Mo or e < <o o

Try it yourself:

1. Ask a question

Stant by asking a queston in natural language and waich the Query genermed

Question

2. Get a query

This query was generated for the question "Music ¢

SPARGL

PREFIX owml: <http://mwww. nl. org/2002/97/onle>

PREFIX rafs: <http://www. a3, 0rg/2000/90)/ raf -sChemcd>
PREFIX eof: <http://www. n3.0rg/1999/02/22-rdf -symtex-nsi>
PREFIX foaf: <nttp://wmins.com/foaf/R.1/>

PREFIX skos: <hetp://www.nd. org/ 200402/ skos/ cores>
PREFIX quepy: <http://ewn.mochinglis. com/Guepy®>

PREFIX cbpedia: <http.//dbpedio.org/ontology/»

PREFIX cbpprop: <http://dopedic.org/property/s

PREFIX copedic-oml: <http.//dpedic.org/ontology/>

SELECT DISTINCT 7xZ WHERE {
x@ rdf.type dopedio-oml Bend
%0 rdfs:lobel “mecther Keport“Sen
%@ aopedia-onl genre “xl
'x1 rafs:lobel "2

3. Get an answer

Cack the Dumion 10 query the DEps - ANa 569 If DS BNy RNEWEY 10 This Quary.

* F rectase [ MOL

Rock music
Jazz
Joxz fusion

NL
interface

MaL
/music/artist/genre™: ({ O

type/obiect/nome” £
k.

type/ob ject/none =" Neather Report”™,

heod™: {
“Ink*: .
*vors®: [

p ¥

|

“results”: {
"distince™: folse,
ardered”: true.



correlate extracted
entities



4% Open Information Extraction £ Turing

wCenter
WASHINGTON

Question:

what is largest city in Sicily?

1 answers from 4 sentences In 1 source (cached)

| Cotwia : x
Catania

Catania ([ka'tanja] ( Bsten); Groek: Kardvn - Katdne; Latin: Catiina and Cafina) is an Malian Gity on the cast
coast of Sicily facing the lonian Sea, between Messina and Syracuse. It is the capital of the homonymous
province, and is the second-largest city in Sicily and the tenth in Italy. Catania is known for its seismic history,
having been destroyed by a catastrophic earthquake in 1169, another in 1683, and several volcanic eruptions
from the neighboring Mount Etna voicano, the most violent of which was in 1669. Catania has had a long and
eventful history, having been founded in the 8th century BC. In the 14th century and the.., (J

Nea narmohracac 1o
YO Dampnrases i«

location (Nell) city (Ne¥)

Aocationfocation (FreeBase) Aocation/dated_location (FreeBase)
flocation/statistical_region (FreeBase) Nocation/citytown (FreeBase)
‘protected_sites/listed_site (FreeBase) /penodicala/nawspaper_circulation_area

(FreeBase)

Extracted from these sources:

4 results from "what is largest city in Sicily?"

Evidence for: (catania, be largest city in, sicily)

1. With around three hundred and twenty thousand Inhabitants Catania Is the second largest city in Sleily . (via
ClueWeb12

2. Catania is the second largest city in Sicily and the tenth largest in Italy . (via Clue\Web12)

3. Catania is the second largest city in Sicily after Palermo . (via ClueWeb12)

4, After Palermo , about 250 kilometres away , Catania Is the second largest city in Sicily . (via CluaWen12)

Source Froebese, Kansed under CC-BY
~ &= ' Oer content from Wikipeda, Scensed under CC (IV-SA

rojecting NLP results to
structured data



Noun

(@ avout « Wil statistics « ¥ preferences

[BabelNet”

A very large multilingual encyclopedic dictionary and semantic network

SearCh - expiore - pubtications -

Q Type a term: | wayne shorteq| Englsh : search ®

Meaning: Wayne Shorter + ID: bn:02261696n +« Type: Named Entity o [details) [explore)

Senses: W 5= Wayne Shorter, §| | Wayne Shorter, MR Wayne Shorter, 2= Yo 1, | | Wayne

w

Glosses: "

w
W
W
W
W

W

W
Categories:

Shorter, ® Dx-+ a—5— g lloprep, Yadu, 7= Wayne Shorter
§ § Shonter, = Wayne Shorter oW | YO il Yo 1, ¢ Wayne Shorler, mm
Yaiu Woprep

== Wayne Shorler is an American jazz saxophonist and composer.

§ | Wayne Shorter est un saxophoniste et compositewr de jazz américain.

MR Wayne Shorter ist ein US-amerikanischer Jazz-Saxophonist und -Komponist.

—_— TN TR N DOIIDIOPO XN WY |

} § Suo padre aveva rabitudine di ascoitare la radio in casa dopo il rientro dal lavoro.

o Vx4 Y3—%— (Wayne Shorer, 1933588258 -) B, v XDFF—YY IR VT3/9y

VARE.

mm YoAH Woprep — SMepHKanCKMi [HKAl08LIH TEHOD- U CONPAaNO-CAKCOOHIUCT ¥ KOMNOIUTOP, MHOTOKDETHEIA
ofinagarens MPIMMK, XOTOPOID HAIHIBAOT BENUUBALIMM KOMNOIUTOPOM B DKEIE U3 HLIHE MABYUIMX.

"5 Wayne Shorter es un saxofonista y compositor estadounidense de jazz,

&= Modal jazz saxophonists, Crossover jazz saxophonists, Jazz fusion saxophonists, Hard bop saxophonists,
Post-bop saxophonists, Jazz tenor saxophonists, American Jazz composers, Amencan jazz soprano
saxophonists, American jazz tenor saxophonists, American composers, African-American musicians, Grammy
Award-winning anists, Miles Davis, People from Newark, New Jersey, Amerncan Buddhists, Members of Soka
Gakkai, 1933 births, Living people, Blue Note Records artists, Vee-Jay Records artists, Weather Report
members, Converts to Buddhism, Converts 1o Sdka Gakkal, | § Saxophoniste de jazz, Compositeur de jazz,
Compositeur américain, Naissance en 1933, Naissance & Newark, MR Komponist (Jazz), US-amenkanischer
Komponist, Jazz-Saxophonist, Fusion-Musiker, Grammy-Preistrager, US-Amerikaner, Geboren 1933, Mann,
— X2 0D IT 90 12 923 ,O'NFINN O'NPTIN D00 MS000 ITN2 22, § § Sassofonist] jazz, Sassofonisti fusion,
Personalith legate a Newark, Gruppi @ musicisti della Columbia Records, 5 Saxofonistas de jazz de Estados
Unidos, Saxos tenores, Saxos sopranos, Saxos alto, Compositores de jazz de Estados Unidos, Masicos de
bop, Mdsicos de jazz-rock, Mdsicos de jazz modemo, Clarinetistas de jazz de Estados Unidos,

DBPedia: = Wayne Shorter

creating
large
<nowledge

bases from
WSD



deep machine reading

participants negation

quality event

\

x’he Black Hand mi ave decided to
modality r arousl ssinate Franz Ferdinand after

he arrivedin SCII‘CI]CVO on June 28th, 1914

-

more participants
coreference



Open Information Extraction

pc5: NLPapps mac$ java -Xmx512m -jar reverb-latest.jar <<<"The Black Hand might
not have decided to barbarously assassinate Franz Ferdinand after he arrived in
Sarajevo on June 28th, 1914."

Initializing ReVerb extractor...Done.
Initializing confidence function...Done.
Initializing NLP tools...Done.

Starting extraction.

stdin 1 (he) (arrived in) (Sarajevo) 13 14 14 16 16
10.2200632195721161 The Black Hand might not have decided to barbarously
assassinate Franz Ferdinand after he arrived in Sarajevo on June 28th , 1914 .
DT NNP NNP MD RB VB VBN TO RB VB NNP NNP IN PRP VBD IN NNP IN NNP JJ , CD .
B-NP I-NP I-NP B-VP I-VP I-VP I-VP I-VP I-VP I-VP B-NP I-NP B-SBAR B-NP B-VP
B-PP B-NP B-PP B-NP I-NP I-NP I-NP O he arrive in sarajevo

Done with extraction.

Summary: 1 extractions, 1 sentences, 0 files, 1 seconds



A Machine Reader for
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http://wit.istc.cnr.it/stlab-tools/fred

FRED integrates
NER, SenseTagging, WSD, Tax. Ind.,
Relation/Event/Role Extraction

Apache Stanbol

g o RDF, OWL
Aligned to WordNet, Earmark
VerbNet, FrameNet,
DOLCE+DnS, RESTful

DBpedia, schema.org

LOD and ODP design

High EE and RE accuracy DRT- and Frame-based

-~ -

. “The Semantic Web will extremely love o oo
I FRED’S reading” virole Theme " vo role Expenencer boxiag hashModaley ™ dul hisQ oaliry rdltype



http://wit.istc.cnr.it/stlabtools/fred

Mac h INE “The Black Hand might not have decided to barbarously
assassinate Franz Ferdinand after he arrived in Sarajevo

reading to rdf  on june 28th, 1914

type induction

events
negation i semantic roles
tense representation iy
___________________ boxer: _before bm!r\;;mc\\\\\ﬂ-\\\ ;
________ N \\\ :' v,'
. baxin "{{v"’dﬂﬂ\- . boxing:False . frod:assassanate | 4 1 Xeragem
second order relations / i s | | [@tete - ~ feaioy
_________________ — w0\ ¥ S V 4
________________________ [ 1;4 afler @ frvd:Dccichh\ou\h\!‘n\(oduu) / ftype \"*@'
"""" > - | N ~ [
Jﬁg l . 3 = |
| @ fredamive | s | @ boxing Posside | ole:Patient  dulhatQuality (@ frod:BarbarousiyAssassinate | | 4p fred Black. hand |
— b
M Oblique “type fred oo n Theme rdfss /*‘4/ /Mﬁuu‘d“ﬂh rdfs: stlnvOf mi:m:\s
'
@ fredSanjevo fe— ' | . 19140628 ] [@ fred:Franz_ fcrdmmd fo—1" | @ fred Buturvus.v | (@ tree: Am;smau' | @ dpedia:Black Hand (Serbia) |
———a:rzq’u.ialmcm owl Mmsof éﬂh# /‘:,_ 5 lepr o/wl/ o}ﬂéﬂ{lﬂms owl:cquikglentClass *
- e WS ' ;
[0 Spedsa ‘hu)e\o ’\ [@ vadaaAsmive_ <1oxo 00 | |Q drpedia: Archduke_Franz_ thmnd of Austria | 0 frod: Male | [@ dulEvent ]¢__—-——" 5 [@ \nd.m)\smm:nc 42010000 | [ @ dbpedia:Assassination |
¥ L B :
\ TS [ DL
/.,4,, it athee e modality
Y Moo e
| @ schemaorg:Place | | @) schensaoeg:City | "\\ @ schemaonyPerson ] -----------------
* ; -.----.-""-- ___________

) WSD/alignment . _
indirect type induction taxonomy induction

+ configurable namespaces and
Earmark text spans with semiotic relations to graph entities (denotes,
hasInterpretant)



FRED's architecture

Data & Vocabularies

o —————————————————————————————————

vocabs w
RDF ) | WordNet_

) SR T
________________________________ 3
[ ———————————————————————— & ——————— 7'/—“
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I
|
|
|
|
|
|
|

Refactoring



Superfresh results

Evaluation on a set of named graphs produced from a composite sample
of sentences with 4 text types

Named graphs modularized by motifs: query patterns that extract
elementary logical patterns

Gold treatment of graphs by expert annotators, good inter-rater agreement
(Kendall's W)

Measure Value
W on articles 0.86 p=<0.0001
iti . =<V.
Implemented method to create NL/SW graph banks — y on cormioe 82; ﬁxggggi
W on tweets 0.65 p=<0.0001
W globally 0.73 p=<0.0001)
e analogous to syntactic treebanks, meaning banks Avg. Pearson Corr. 0.73




& fred:manchester

Goldening

.
2
-
fred-shedre |
Jisare_
>
>
p

ﬁvﬂ:a/mel\s owl:

@ dbpediaManchester

@ dbpedia:Manchester_United_F.C.

.
.
.
.

dul:

qype nd

rdfftype

& fred:David_moyes

| @ schemaorg:City | | @ schemaoeg:Place |
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MotiTs

Sample

Motif R As FRED RDF
" distribution
A binary relation constructed (projected) out of an n-
BINARIZED 4.72 ary one
EQUIVALENCE 13.65 owl:equivalentClass
IDENTITY 4.29 owl:sameAs
MODALITY 0.69 boxing:hasModality
Any subgraph (degree=1) having a dul:Event or
N-ARY 19.31 boxing:Situation as root
boxing:hasTruthValue, applied to n-ary
NEGATION 0.6 structures
PROPERTY 23.43 Any property assertion
SUBCLASS 21.46 rdfs:subClassOf
TYPE 11.85 rdf:type

All 100



“motifs”

Class of trjf:les
Global without structure triples
BINARIZED
EQUIVALENCE
IDENTITY
MODALITY *
N-ARY
NEGATION
PROPERTY
SUBCLASS text types
TYPE
ARTICLES e
DEFINITIONS
NEWS
TWEETS

EQUIVALENCE with WSD only
EQUIVALENCE with NER only
GLOBAL without WSD

TYPE with structure triples
OVERALL (incl. Structure triples)
OVERALL, but without WSD

Fresh results

0.84
0.76
0.64

0.9
0.88
0.88
0.86
0.85
0.88

0.9

0.85
0.81
0.87
0.79

0.57
0.81
0.87
0.96
0.87

0.9

0.92
0.95
0.77
0.87

1
0.89

1
0.94

1
0.97

0.9
0.91
0.97
0.89

0.44
0.22
0.91
0.99
0.94
0.94

0.88
0.85

0.7
0.88
0.93
0.88
0.92
0.89
0.94
0.93

0.87
0.86
0.92
0.84

0.5
0.35
0.89
0.97

0.9
0.92

0.87
0.91
0.74
0.95
0.79
0.89
0.86
0.84
0.92
0.93

0.85
0.88
0.92
0.83

0.7
0.83
0.89
0.97

0.9
0.92

0.92
0.98
0.68
0.98

1
0.93

1
0.95

1
0.96

0.91
0.93
0.93
0.92

0.43

0.2
0.91
0.99
0.96
0.96

0.89
0.94
0.71
0.96
0.88
0.91
0.92
0.89
0.96
0.94

0.88

0.9
0.92
0.87

0.53
0.32

0.9
0.98
0.93
0.94

0.88
0.89
0.74
0.92
0.88
0.94
0.86
0.85
0.93
0.92

0.86
0.89
0.93
0.85

0.7
0.82
0.9
0.97
0.91
0.92

0.92
0.98
0.68
0.98

1
0.94

1
0.95

1
0.96

0.91
0.94
0.93
0.92

0.43

0.2
0.92
0.99
0.96
0.96

0.9
0.93
0.71
0.95
0.93
0.94
0.92

0.9
0.96
0.94

0.88
0.91
0.93
0.88

0.53
0.32
0.91
0.98
0.93
0.94

Precisionrl Recallrl F1rl Precisionr2 Recallr2 F1r2 Precisionr3 Recallr3 F1r3 Avg.Precision Avg. Recall Avg.Fl

( 0.86 092 0.89)
0.85 097 091
0.71 071 071
0.92 094 0.3
0.85 1.00 091
0.90 092 091
0.86 1.00 0.92
0.85 095  0.89
0.91 1.00 0.95
0.92 096 0.94
0.85 091  0.88
0.86 093  0.89
0.91 094 092
0.82 091  0.86
0.66 043 0.2
0.82 021  0.33
0.89 091  0.90
0.97 099  0.98

( 0.89 095 0.92)
0.91 095 0.93



Open graphs

* Why open-world”? Because it's the web, with incomplete
knowledge

* Integration between NLP and SW

* "The Black Hand might not have decided to barbarously assassinate
Franz Ferdinand after he arrived in(Sarajevo)on June 28th, 1914’

. @I:Sarajevo)

. d:Sarajevo@ocatedIn d:FormerAustrianEmpire , d:Bosnia)

. d:Bosnia@oartOf d:YugosIavia)
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Open graphs

* Why open-world”? Because it's the web, with incomplete
knowledge

* Integration between NLP and SW

* "The Black Hand might not have decided to barbarously assassinate
Franz Ferdinand after he arrived in(Sarajevo)on June 28th, 1914’

. @:Sarajevo)/ ﬁng 1 995]

. d:Sarajevo(@ocatedln d:FormerAustrianEmpire |, d:Bosnia)
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* More with events, relations, tense representation, sentiment ...

* “The Black Hand(might not have decided)to @arbarously\assassina@ Franz
Ferdinand he arrived jin Sarajevo on @une 28th, 1914]




