
Integration of knowledge 
extracted from text and data as 

open-world semantic graphs
Aldo Gangemi	



LIPN, Université Paris 13, UMR CNRS, Sorbonne Cité 
Semantic Technology Lab, ISTC-CNR, Rome/Catania, Italy 

aldo.gangemi@lipn.univ-paris13.fr

Core machine reading people from STLab:	


Andrea G. Nuzzolese	



Valentina Presutti	


Diego Reforgiato Recupero

mailto:aldo.gangemi@lipn.univ-paris13.fr


SW and LOD

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



• W3C standards: RDF, OWL, SPARQL, RIF, JSON-LD	



• Triple languages (RDF as abstract data structure)	



•d:Miles_Davis do:recordLabel d:Columbia_Records . 

•do:Musical_Artist r:subClassOf do:Person . 

•select ?x where {?x a do:Musical_Artist} .

data:
schema:
query:



inferences

•do:Musical_Artist owl:equivalentClass [do:Artist 
[ some :plays :Music ]] . 

•d:Miles_Davis a do:Artist ; :plays d:Jazz . d:Jazz a :Music 
. 

•—> d:Miles_Davis a do:Musical_Artist .

schema:

data:

more data:

query 	


w/entailment:

•select ?x where {?x a do:Musical_Artist} . 

•—> d:Miles_Davis



• Linked (Open) Data is a set of principles to 
publish data on the Web	



• open formats	



• W3C triple formats (RDF, JSON-LD, SPARQL)	



• URI	



• vocabularies (aka schemas or ontologies)	



• links (owl:sameAs the most used)



describe 
dbpedia:Paris_Diderot_Uni

versity



describe yago:Albert_Einstein



create topology



a success SW story: the knowledge graph



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 AI-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
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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, …



NL 
interface 

to 
SPARQL



correlate extracted 
entities



projecting NLP results to 
structured data



creating 
large 

knowledge 
bases from 

WSD



• The Black Hand might not have decided to 
barbarously assassinate Franz Ferdinand after 
he arrived in Sarajevo on June 28th, 1914

event
nega?on

modality

par?cipants

more	
  par?cipants

quality

coreference

deep machine reading



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
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LOD and ODP design

Aligned to WordNet, 
VerbNet, FrameNet, 

DOLCE+DnS,	


DBpedia, schema.org

http://wit.istc.cnr.it/stlab-tools/fred

“The Semantic Web will extremely love 
FRED’s reading”

RESTful

Earmark

RDF, OWL

Apache Stanbol

DRT- and Frame-based
High EE and RE accuracy

FRED integrates 	


NER, SenseTagging, WSD, Tax. Ind., 

Relation/Event/Role Extraction

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


machine 
reading to rdf

“The Black Hand might not have decided to barbarously 
assassinate Franz Ferdinand after he arrived in Sarajevo 
on June 28th, 1914”
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Earmark text spans with semiotic relations to graph entities (denotes, 
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FRED’s architecture



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) 

• Implemented method to create NL/SW graph banks 

• analogous to syntactic treebanks, meaning banks



Goldening

“David Moyes shares 
Manchester United fans' 

frustration”
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Motifs



Fresh results
“mo?fs”

text	
  types



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” 

• d:Sarajevo 

• d:Sarajevo :locatedIn d:FormerAustrianEmpire , d:Bosnia 

• d:Bosnia :partOf d:Yugoslavia



Open graphs

ng1914
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• “The Black Hand might not have decided to barbarously assassinate 
Franz Ferdinand after he arrived in Sarajevo on June 28th, 1914” 

• d:Sarajevo 
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Open graphs
• Why open-world? Because it’s the web, with incomplete 

knowledge 

• Integration between NLP and SW 
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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” 

• d:Sarajevo 

• d:Sarajevo :locatedIn d:FormerAustrianEmpire , d:Bosnia 

• d:Bosnia :partOf d:Yugoslavia

ng1995



• More with events, relations, tense representation, sentiment … 

• “The Black Hand might not have decided to barbarously assassinate Franz 
Ferdinand after he arrived in Sarajevo on June 28th, 1914” 

• … 

• …


