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Some design patterns for the ontology-
lexicon interface over the Web

aldo.gangemi@cnr.it



mailto:aldo.gangemi@cnr.it
mailto:aldo.gangemi@cnr.it

Artificial Intetiigent
Intelligence Agents
Personal
gﬁ Assistants
S The Semantic Web
§ Connects Knowledge
z Search Website & UI
2 Knowledge Semantic
§ Thesauri & Bases Deskiop
Taxonomies
S Bots
4 ‘ Multi-
§‘ Enterprite Mash-ups Wiki e
§ Search Engines ' Pbrals
V& Marketplaces
(o] Content Portals . Web Sites RSS a
< > Blogs fictons
3 The m PIMS The Social Web
g Connects Information Connects People
> Email
& Datat o Desktop
”~ "Push” Conferencing
-~ Publish & Subscribe

P2P

Web'/lrfsém W

Increasing Social Connectivity

Courtesy of Nova Spivack




& SYS=IEL S DBpedIa
POROPE A DNt Geodata
AR Bio x

K

|
!
‘.'-
et
|

“ _”_‘,3..- -",ch'! T < v..: "1}
v X ! J ' y . y
el il

i () DR
J
)

!
!

T oo 8 New York Times

S OO Thomson Reuters

S T BBC
N ar T Amazon
B - data.gov
S5 ORI ET data.gov.uk...

nan i o
A ERL!

Tl -

|

"’ [}

'v\”ﬁ‘r '

|
ll. \
Yot

1

LAY
|

1]
it

U

» Semantic technologies make it emerge a lot of information from the Web and local
information systems (data silos). > Also social networks like FaceBook are data silos ...

» Data Integration, through reengineering (e.g. triplify), or querying (e.g. D2R)

» Linking of heterogeneous data sources, either at schema or instance level

» Extraction of new data (machine learning, NLP) from textual documents, and their
semantic representation

) Reasoning on those data, extracting more implicit information

» Presentation of data on the simplest platform:the Web, and so enabling sharing,

collaborative editing, customization, etc. (URI-based data integration) 3
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Linked data principles

from tim berners-lee’s
- Use URIs as names for things linked data principles

 Use HTTP URIs so that people can look up those names

\When someone looks up a URI, provide useful information

Include links to other URIs so that they can discover more things



Webbiness in the Semantic Web

opposed to design practices in lexical, NLP, or DB data

|dentity is based on locations (IRIs) and should be operationally
addressed (dereferencing)

* |dentity of web/non-web resources is a core problem

* |dentity resolution performed through linking; loose usage of
inking relations like owl:sameAs (logical identity)

Open-world as default semantics: incomplete knowledge of
individuals (domain), assertional (ABox), and terminological
(TBox) axioms has to be assumed

* Ontologies are actually structured vocabularies, with minimal,
iIncomplete, possibly incoherent or inconsistent axioms; linking
and querying data are central, relations are central (rule-based
favorite approach); hardly any anonymous concept construction,
cf. owl:Restriction)

« Strong commitment on the object v. literal disjointness
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Methodological shift for
science?

* As Royal Society president Martin Rees has written
(Prospect, November 2010), big data will allow us to
mine and mash our way to unexpected discoveries
and insights. It allows us to ask new questions, ones
that we couldn’t have asked when science depended
on the work of a few people in a single lab working in
a limited area of knowledge with just a few gigabytes
of processing power

« Some people say that big data also changes the way
that we ask questions. Gone are the days of
hypothesis-driven science as we know it. Nowadays,
it's all about pattern recognition.
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Semantic Web Layers

[ User interface and applications

Trust

Proof

Unifying logic

Ontologies: l ‘ Rules:

Quanvillg: owL RIF/SWRL

SPARQL

Taxonomies: RDFS

AydesboydAin

Data interchange: RDF

Syntax: XML

Identifiers: URI Character set: UNICODE
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Computational ontologies

* "Ontology” originally a philosophical name (but
also “semantic web”)

* (Computational) Ontologies as (software)
components, expressed and managed in standard
W3C languages like RDF, OWL, RIF, SPARQL.
Also called vocabularies, schemata, conceptual
models

* Ontology design is one of the core aspects of
semantic technologies

* Design patterns needed for reengineering, data
storage, schema construction, mash-up,
integration, etc.
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Natural and Formal Languages

* Formal interpretation is not (only :)) an
academic game

* |t gives us a precise way to establish what
we are talking about, and therefore to
provide reliable automated inferences when
needed

* Natural language is able to describe very
different types of facts with the same
structure, for example ...
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. different types of facts ...

buys from ACME [ground fact]

ACME has been reported for abusive discharge [reported fact]

Wile i
Wile i

IS blonde [attributive fact]
IS a coyote [classification fact]

To discharge is to release someone from a job [meaning facf]

To discharge is a transitive verb [terminological fact]

Disc
Disc
Disc
Disc
Disc

narge is nine characters long [information fact]
narge is a class [formal facf]
narge can be abusive in Italy [contextual fact] (lfm)

narge is subject to obligations and duties [attitude fact] f , ‘
narge represents a failure [interpretive fact] 1 ‘D
Gl
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What semantics? (1/2)

Linguistic semantics

— From NLP/IR technologies: advanced search, information extraction,
automatic tagging, text classification, ...

— Mainly informal background knowledge
— VSM matrices are the predominant technology

Formal semantics

— From SW/AI technologies: data modelling, reengineering, linking, automated
reasoning via query, rules, classification, ...

— Ontologies as background knowledge
— Reasoning and graph traversal are the predominant technologies

Some attempt to make formal semantics of language

— E.g. DRT; scalability issues, non-trivial model-theoretical
morphing to e.g. OWL

Also other dimensions, e.g. data engineering, interaction
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What semantics? (2/2)

* Trend towards hybridization
— SW used as background knowledge in NLP/IR

— Linguistic semantics extracted by NLP/IR tools (NER, TE, RE, FD,
etc.), and “reconstructed” in an enriched SW

— Advanced reasoning performed in the enriched SW

inferredFrom

Formal
Knowledge

backgroundFor accessTo enriches

Linguistic
Knowledge

 Two problems: knowledge soup and knowledge boundary




Good ol’ semiotics

{ontology classes, properties, schema-level axioms}
{lexical concepts, senses, synsets, frames}

meaning (“interpretant”)

expression (“symbol”)

{ontology IDs, labels, comments}
gy
{texts, bags of words, terms}

interpreter

reference (“object”)

{ontology individuals, factual axioms}
{named entities, extracted relations}

{ontology designer, expert, crowd, learning algorithm}
{speaker, hearer, reader, crowd, lexicographer, learning algorithm}
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OWL

Web Ontology Language
Formal semantics over RDF

Large use of small vocabularies

— FOAF, SI0OC, SKOS, VolID, content patterns from large ones (e.g.
Dublin Core, DBpedia)

OWL representation and reasoning is the next step at a

web scale, but already a reality for intrawebs and small

domains

— Automatic concept classification, consistency and coherence
checking, materialization of knowledge

— E.g. what are the sources that contain sentences about stipulatio,
cite Ulpian, and have commentaries produced in the last 10 years?

— E.g. what cases in Common Law systems contain interpretations
related to contracts analogous to stipulatio?
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From NL to FL

 This functionality of natural language cannot be
easily reproduced for machine interpretation

* The formal interpretation of OWL can do something
with (set-theoretical) extensional semantics, cf.
basic Aristotelian logic (genus et differentia
specifica, inheritance of properties, etc.)

* More is provided by good practices in modelling
ontologies and data

» Partly formalizing text elements and corpus
processing are often needed

» Some arbitrariness is unavoidable
— Requirements, requirements, requirements
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Example:
semantic enrichment of
annotations
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Parallel text annotation (XML)
Text tags

<SPEAKER ID=6 LANGUAGE="EN" NAME="Doyle">
Signor Presidente, come |'onorevole De Rossa anch'io
metto in dubbio la ricevibilitVT degli emendament.

| problemi dell'lrlanda del Nord sono troppo importanti
per essere degradati a meschino pretesto di
speculazione propagandistica sul Fondo internazionale
per l'lrlanda.

<P>

Vorrei chiedere di considerare il nostro modo di
procedere con estrema attenzione, visto che non sarvt
possibile avere una discussione sul tema.

Anche i miei colleghi, gli onorevoli De Rossa e McCartin,
condividono le mie preoccupazioni.

<P>

Raytheon V® stata accolta a Derry addirittura da due
premi Nobel per la pace: John Hume - un nostro collega
- e David Trimble.

Raytheon sarVT finanziata dall'ente per lo sviluppo
industriale dell'lrlanda del Nord, senza che un euro o
una sterlina irlandese vengano spesi per questo
progetto dal Fondo internazionale per I'lIrlanda.

Gli emendamenti sono del tutto inopportuni.

<P>

<SPEAKER ID=6 NAME="Doyle">

Mr President, like Mr De Rossa | also question the fact
of the amendments being in order.

The sensitivities of Northern Ireland are too important
for any ill-informed bandwagoning on the International
Fund for Ireland.

<P>

| would ask you to consider very carefully how we
proceed here, particularly as we are not in a position to
have a debate.

| share this concern with my colleagues, Mr De Rossa
and Mr McCartin.

<P>

Raytheon has been welcomed to Derry by no less than
Nobel Peace Prize winners, John Hume - one of our own
colleagues, and David Trimble.

Raytheon will be funded by the Industrial Development
Board in Northern Ireland. Not one euro nor one Irish
pound from the International Fund for Ireland is going
to Raytheon.

The amendments are totally inappropriate.

<P>
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Text

Mr President, like Mr De Rossa | also question the fact of the amendments being in order. The sensitivitics of Northern Ireland are too important for any ill-informed bandwagoning on the Intemational Fund for Ireland. |
would ask you to consider very carefully how we proceed here, particularly as we are not in a position o have a debate. I share this concem with my colleagues, Mr De Rossa and Mr McCartin. Raytheon has been

welcomed to Derry by no less than Nobel Peace Prize winners, John Hume - one of our own colleagues, and David Trimble. Raytheon will be funded by the Industrial Development Board in Northern Ireland. Not one
euro nor one Irish pound from the International Fund for Ireland is going to Raytheon. The amendments are totally inappropriate.

Key Words URI First Choice URI Second Choice
ireland hup:/ien.wikipedia org/wiki/lreland; iki/N
rish pound Jlen.wi w - none
demy hup//en.wikipedia.org/wiki/Dermy: Jen.wikipedi fwiki ;
intemational fund hup://en,wikipedia.org/wikiIntemational Fund for Ircland; none
david trimble Jien wikipedia org/wikiDavid Trimbl hup:/ien wikipedia org/wikiDavid Trimble %28congressman%29;
mr president Jien wikipedi wiki sident %28 2
nobel peace prize htp/en.wikipedia.org/wiki/Nobel Peace Prize; Jlen wikipedi wiki :
bandwagoning hup.//en,wikipedia.org/wikiBandwagon_cffect; hup://en.wikipedia org/wikiJohnny Johnson_and the Bandwagon;
northern ireland fen.w ia ikKi'N and; hup//en.wikipedia org/wiki Northern Ireland;
john hume Jlen wikipedi w -
ravtheon hitp/ien. wikipedia.org/wikiRaytheon:

21
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Parallel text annotation (XML+RDFa)
Semantic tags

Signor Presidente, come I'onorevole De Rossa anch'io metto in dubbio la ricevibilitvt
degli emendamenti.

| problemi dell’

<span xmlins:dbo="http://dbpedia.org/ontology/" xmins:dbr="http://dbpedia.org/
resource/" about="dbr:Northern_Ireland" typeof="dbp:Place">Irlanda del Nord</
span>

sono troppo importanti per essere degradati a meschino pretesto di

<span xmlins:dbr="http://dbpedia.org/resource/"
about="dbr:Bandwagoning">speculazione propagandistica</span>

sul

<span xmlIns:dbr="http://dbpedia.org/resource/"
about="dbr:International_Fund_for_Ireland">Fondo internazionale per I'Irlanda</
span>.

Vorrei chiedere di considerare il nostro modo di procedere con estrema attenzione,
visto che non sarVt possibile avere una discussione sul tema.

Anche i miei colleghi, gli onorevoli De Rossa e McCartin, condividono le mie
preoccupazioni.

Raytheon Vv® stata accolta a

<span xmins:dbo="http://dbpedia.org/ontology/" xmlins:dbr="http://dbpedia.org/
resource/" about="dbr:Derry" typeof="dbp:Place">Derry</span>

addirittura da due

<span xmlins:dbr="http://dbpedia.org/resource/"

about="dbr:Nobel Peace_Prize">premi Nobel per la pace</span>:

<span xmlins:dbo="http://dbpedia.org/ontology/" xmins:dbr="http://dbpedia.org/
resource/" about="dbr:John_Hume" typeof="dbp:Person">John Hume</span>

- un nostro collega - e

<span xmlins:dbo="http://dbpedia.org/ontology/" xmins:dbr="http://dbpedia.org/
resource/" about="dbr:David_Trimble" typeof="dbp:Person">David Trimble</span>.
<span xmlins:dbo="http://dbpedia.org/ontology/" xmins:dbr="http://dbpedia.org/
resource/" about="dbr:Raytheon" typeof="dbp:Company">Raytheon</span>.
sarVT finanziata dall'ente per lo sviluppo industriale dell'lrlanda del Nord, senza che un
euro o una

<span xmins:dbo="http://dbpedia.org/ontology/" xmlIns:dbr="http://dbpedia.org/
resource/" about="dbr:Irish_pound" typeof="dbp:Currency">sterlina irlandese</
span>

vengano spesi per questo progetto dal

<span xmlIns:dbr="http://dbpedia.org/resource/"
about="dbr:International_Fund_for_Ireland">Fondo internazionale per I'Irlanda</
span>.

Gli emendamenti sono del tutto inopportuni.

Mr President, like Mr De Rossa | also question the fact of the amendments being in
order.

The sensitivities of

<span xmlIns:dbo="http://dbpedia.org/ontology/" xmlns:dbr="http://dbpedia.org/
resource/" about="dbr:Northern_lreland" typeof="dbp:Place">Northern Ireland</
span>

are too important for any ill-informed

<span xmlns:dbr="http://dbpedia.org/resource/"
about="dbr:Bandwagoning">bandwagoning</span>

on the

<span xmlins:dbr="http://dbpedia.org/resource/"
about="dbr:International_Fund_for_Ireland">International Fund for Ireland</span>.
| would ask you to consider very carefully how we proceed here, particularly as we are
not in a position to have a debate.

| share this concern with my colleagues, Mr De Rossa and Mr McCartin.

Raytheon has been welcomed to

<span xmlins:dbo="http://dbpedia.org/ontology/" xmIns:dbr="http://dbpedia.org/
resource/" about="dbr:Derry" typeof="dbp:Place">Derry</span>

by no less than

<span xmlIns:dbr="http://dbpedia.org/resource/"

about="dbr:Nobel_Peace Prize">Nobel Peace Prize</span>

winners,

<span xmlins:dbo="http://dbpedia.org/ontology/" xmIns:dbr="http://dbpedia.org/
resource/" about="dbr:John_Hume" typeof="dbp:Person">John Hume</span>

- one of our own colleagues, and

<span xmlIns:dbo="http://dbpedia.org/ontology/" xmlns:dbr="http://dbpedia.org/
resource/" about="dbr:David_Trimble" typeof="dbp:Person">David Trimble</span>.
Raytheon will be funded by the Industrial Development Board in Northern Ireland. Not
one euro nor one

<span xmlIns:dbo="http://dbpedia.org/ontology/" xmlns:dbr="http://dbpedia.org/
resource/" about="dbr:Irish_pound" typeof="dbp:Currency">Irish pound</span>
from the

<span xmlins:dbr="http://dbpedia.org/resource/"
about="dbr:International_Fund_for_Ireland">International Fund for Ireland</span>
is going to

<span xmlIns:dbo="http://dbpedia.org/ontology/" xmlns:dbr="http://dbpedia.org/
resource/" about="dbr:Raytheon" typeof="dbp:Company">Raytheon</span>.

The amendments are totally inappropriate.
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More enhancement

e Information enrichment

— Extraction (see previous example)

— RDF-ization of unstructured data

— Materialization (in praesentia inference)
— Classification (in absentia inference)

* Advanced search paradigms

— Semantic search
— Semantic exploration
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Patterns™ in general

* “Invariances across observed data or objects”

* They exist in natural, social, cognitive, or abstract
worlds

 Mathematical pattern science is about symbols,
I.e. non-interpreted information objects

* Objects of knowledge engineering are interpreted
(either formally or cognitively)

* Mutual support/dependencies

* A frame will be here defined as the type

of objects that are used for interpreting
patterns
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The frame hypothesis (1/2)

+ +

* Most realistic tasks require knowledge shaped in a way that
allows to navigate through the data meaningfully

—I.e. similarly to how a human interprets and aggregates them
* The typical shape of meaningful knowledge is that of a frame
(or situation, context, schema)
* Minsky 1974

—there would be large advantages in having mechanisms that
could use these same structures both for thinking and for

communicating




- -
BEMANTIC TECIHNOLOGY LABOMA TOMNY

The frame hypothesis (2/2)

 |f we do not take that “similar” too seriously, a plausible hypothesis is
that the unit of meaning in Semantic Web technologies is the frame,
as opposed to scattered classes or properties (binary relations)

* Agents/reasoners must be able to recognize such frames and reason
on them

« Current applications, either from DB of SW technologies, try to catch
the “perfectly fit” frame ... just look at Facebook

* |In ontology design, frames are called knowledge patterns, a special

kind of design patterns
owl:Thing
i
judgmentCommunication

People Violation
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Cognitive foundations

« A search for the relevant units of meaning (not the
primitives)

* Agents’ understanding is based on [patterns] abstracted
from previously occurred situations involving those agents,
which are adapted and recombined on-the-fly in novel
situations

— Bartlett’'s experiments on schemata (1932), Neisser (1967)
— Piaget’s experiments on schemata (1954)

— Fillmore’s frame semantics (1968)

— Minsky’s frames (1974)

— Schank’s scripts (1977)

— Gibson’s affordances (1977)

— Biederman’s experiments on scene recognition (1982)

— Barsalou’s ad-hoc goal-oriented categories (1983)

— Lakoff’'s conceptual metaphors (1987), Langacker’s compositional paths
(1987)

— Barsalou’s simulators (1999)
— Bar’s associative-analogical network of frames for anticipation (2007)

— Rizzolatti, lacoboni, Gallese, etc. results and plausibility of mirror-neuron-
system-based frames (2008)
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Sample frame-like structures

» Lexical frames

* Microformats, Infoboxes

» Contractor’s structural signatures
* Query types

« Competency questions

« 22-ary relations

« OWL/RDFS classes with proper (locally complete?) sets of
restrictions or properties

» Content ontology design patterns

» Data and conceptual models (if modularized according to
requirements)

e Some HTML structures
« Some XML schemata
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FrameNet Cure frame

This frame deals with a m treating and curing an

m (the injuries, disease, or pain) of the “‘: bent
sometimes also mentioning the use of a particular

L-L...A-g.-&— or w Care
TNl The injested, applied, injected, etc. substance
Semantic Type designed to cure the Patient.
Physical_entity
He needs prolonged m with
Note the tight relationship between Treatment
and Medicine.
m The Healer, anyone who treats or cures the
Semantic Type Patient, occurs as the External Argument of
Sentient verbs:
m 3038 his suffering.

http://framenet.icsi.berkeley.edu/
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FrameNet Discussion frame

FE_Interlocutor_ 2
o FE_Topic

URI
o
A
|
¥

o FE_Interlocutor_1
‘--.'-.
hasCoreEE.
F_Discussion
has P—r.--r_ﬁ?T*ﬂ;U_’_[_
e -
URI

URI
D
2 Z '\.\
' / ‘.I l v...\-..___\-
5 | AR
‘I."-. \‘\
v FE_Place

hasPerTiheralFE
— ,-/.'
S / \
| | "._...
! i
1asPeriphgralfFE
o

‘l\ll
.___\‘

I
.

,
Ny

-
¢ FE_Time
4
hasP »;~'.1:&1'1.'I‘ eralFE /
l’/‘ l|I |
."'/ y I \
,'/ 1, l "I"~
hasPeripheralfE | T A 4
F f | asPeripyeralfE
J / | '*-A._ b3
/ hasPerigpheralFE
| || 5 o x
O3 FE_Manner

<% FE_Means_of communication
I|
bl

<% FE_Language

| 4
U3 FE_Purpose
|
32

U5 FE_Amount_of discussion



VerbNet Moftion verb class

S [ event=E | S [ event=E2 |

N N

NPurg14  VP|event=E | NP.r g0 VP | event=EI |

[+ animate | ' [ +-animate | A WL

\ V Nparglv
| | +ammate |
mun

n

cause(during(E2), Xarq0, E1)A

motion(during(E), Xorq1) motion(during(E1), Xorqg1)

"He kicked the door open." cause(Agent, E) manner(during(E), directedmotion, Agent)
not(contact(during(E), Agent, Patient)) manner(end(E), forceful, Agent)
contact(end(E), Agent, Patient) Pred(result(E), Patient)

"He hit the door open with his foot." cause(Agent, E) manner(during(E), directedmotion, Instrument)
not(contact(during(E), Instrument, Patient)) manner(end(E), forceful,
Instrument) contact(end(E), Instrument, Patient) Pred(result(E), Patient)
"He hit the window to pieces." cause(Agent, E) manner(during(E), directedmotion, Agent)
not(contact(during(E), Agent, Patient)) manner(end(E), forceful, Agent)
contact(end(E), Agent, Patient) Pred(result(E), Patient)




CLib Aftach component

(Attach has
(superclasses (Action))
(required-slot (object base))
(primary-slot (agent)) )

(every Attach has
(object ((exactly 1 Tangible-Entity) (a Tangible-Entity)))
(base ((exactly 1 Tangible-Entity) (a Tangible-Entity)))

(every Attach has

(preparatory-event ((:default

(a Make-Contact with
(object ((the object of Self)))
(base ((the base of Self))))

(a Detach with
(object ((the object of Self)))
(base ((the base of Self)))) ))))
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ODP Place content pattern
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Situations and frames

Situations are experienced as complex, Gestalt
phenomena rather than collections of events and objects

The cognitive operation of unifying a situation is principled
(principium individuationis) (cf. L. Barsalou)

This unifying cognitive act is the application of a frame to
entities (available through perceptual — or machine-
available — data)

The process of applying a frame is carried out by a
cognitive agent with some semiotic system



Meaning and Relevance

* Being meaningful is usually associated with
relevance in context, 1.e. having a clear
boundary in order to matter to someone

* How much state-of-art applications in the
data/semantic web address relevance In
context?
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Name: Aldo Gangemi
Institute: ISTC-CNR, Rome, lItaly

Research Group:. Semantic Technology Laboratory (STLab)

Role: Senior Researcher

Research interest. ontology design, KE+NLP, Enterprise 3.0, ...
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Name: Aldo Gangemi

Institute: ISTC-CNR, Rome, ltaly

Research Group: Semantic Technology Laboratory (STLab)
Role: Senior Researcher

Research interest. ontology design, KE+NLP, Enterprise 3.0, ...
Knows:

Likes:

Author of:

Plays:

Birthday:

Car How to establish the boundary?

Zodiacal sign:



Giovanni Gentile
birthPlace

birthPlace

deathPlace

Dino Grandi

religion
influenced
neminis ... sefore 21te
(Benito Mussolini )

predecessor

before
successor
successor

reference reference

monarch

mus solinis - war-stat... Mussolini-speech-of.

reference

STﬁg:._I,A‘Q

Roman Catholicism Catholic Church

http://relfinder.semanticweb.org/

Italy Politician

profession

leaderName

deathP 4. thPlace

Pietro Badoglio title

Prime Minister of ltaly

title

title

birthPlace

Lamberto Dini Status: Idle

profession

Gianfranco Fini
profession

successor
mn
profession
before
Carlo Azeglio Clampi
profession
president
predecessor

Slivio Beriusconi

e Giorgio Napolitano
office
incumbent president

order le

Italian Minister of Fo

In typical political talk, this relation is motivated
by knowledge that is not visible in linked data.
The relation found by RelFinder over LOD is trivial.

birthPlace

Kingdom of Italy (18..

reference

How to establish what knowledge is needed,
and its boundary? How to “de-soup” it?


http://relfinder.semanticweb.org
http://relfinder.semanticweb.org
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After some mishmashing, something emerges,
but not yet something specific ...

SLalus: Juie

MUHACTD MHOCTPIHH...

[talian man :
talian Roman Catho isSubjectOfsctof

title isSubjectOf :
title . subject
sub,. .. ;
subject birthPlace
3 Prime Minister of [taly
iIncumbent governant
- i jectOf
title title i o fuldm
" T o ST . titl > - leaderb
isSubjectOf Prime Ministers of [t... itie e Kingdom of Italy (18...
ssubiectO
s Ubiact birthPlace woubjectOf
- : gober
subject : === deput
(Sulvno Beriusconi ) (Bemto Mussolini )
-_—
Ntitle title ~ ~eadsta
nestleiar
\ Menteri Luar Negeri ...
subject subject
isSubjectOf 7 - S Jsab;ect]
e . .
N Italian anti-commun... profession isSubjectOf
people.prof... - 2
lsSub;ectOfl
. title
title Political leader »
birthPlace
lugarnac

lugarmuerte

I[talian Minister of Fo...

[talia
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Isn't KR enough?

* Knowledge representation has progressed a lot since
the seventies

* |ts original motivations, as e.g. described by Minsky
and Brachman, have been drastically simplified

— concentration on representation and complexity

* Alot of different KR languages can represent frames:
description logics, frame logic, first-order logic,
conceptual graphs, etc.

— but: which frames should be used, for what
purpose, and with what pros and cons

* We need some design
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How many frames?

« STLab is collecting, reengineering, and
aligning frames from different knowledge
formats

— Linguistics: FrameNet, VerbNet, NLP-
extracted selectional restrictions, etc.

— CLib and other Al repositories

— Web data: microformats, microdata, HTML
templates

— Linked data: induced schemas, frame
discovery

— (Semantic web) ontologies: extracted modules



NG TE

Main issues

* The invariance, or boundary problem
— what is invariant in each knowledge format”? what are its boundaries?

* The category-invariance problem

how to establish that invariances from different knowledge formats are
similar?

« Early results

Frames from Wikipedia crowd-sourced links
Frames from linked data

Ongoing experiments with deep parsing from text and non-structure-
preserving morphing to known or novel frames

A relaxed FOL with meta-level sugar as a common representation
But how to distinguish heterogeneous knowledge?
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Frame semantics 1/3

* Minimal
— n-ary polymorphic relation:
» give(?donor, ?receiver, ?qgift, ?time, ?space, ...)
* More flexible
— neo-davidsonian (situation, token-boundary):
« give(?s); donor(?s,?d); receiver(?s,?r); ...
* requires identification constraint (e.g. owl:hasKey)
— duper (frame, type-boundary):
* Frame(Giving); satisfies(?s, Giving)
— super-duper (role structure for frames):

» defines(Giving, {Donor; Receiver; Object; ...})
* classifies(Donor, 7d) ; ...



Diagonality

STS.LAB

Frame semantics (2/3)

(“epistemological layering”)

— Not type-theoretical

— First-order entities from
different types of knowledge
(e.g. situational vs. framal)

Cause_harm
(frame)

satisfies

Testimony
(role)

classifies

Witness
report #i
(frame)

satisfies

Brutus
stabbed Caesar
(situation)

defines

settingFor

Crime
Description
(frame)

satisfies

Caesar
Murder Case
(situation)

hasinScope ..~



STS.LAB

Frame semantics (3/3)

_’_

Diagonality
(“epistemological layering”)
— Not just type-theoretical

Testimony
(role)

— First-order entities from
different types of knowledge
(e.g. situational vs. framal)

classifies

Indirect diagonality

Cause_harm
(frame)

Witness
report #i
(frame)

satisfies

\Sf‘es

Brutus
stabbed Caesar
(situation)

defines Crime

Description
(frame)

satisfies

ingF
settingror o

Murder Case

(situation)

hasinScope ..~

A 8 fallsUnder
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Four types of context

Attitude*
Statement

0...n

expresses

interpretation

with boundaries (super-duper) b

0..n l...n

*“attitude” in a broad sense:
obligations, duties, desires, competences,
authorship, provenance, trust, etc.

Attitude*
Statement

Concept

0...n

expresses

without boundaries
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Possible links to "assignment

semantics”

* type and subject relations easily map to
assignment

« compatibility works well across similar typing +
authorship/provenance

* less clear how compatibility works for binary
relations

» framing (interpretation) needs multiple
assignments (a bundle) within a boundary

* what about language?



AY 'v“
=) e LA

Lexicon in context (1/2)

In @ semiotic perspective, language expresses
any entity from any context

Semiotics takes meaning as “interpretants” i.e.
any reformulation, paraphrase or other linguistic
clue

Pragmatics takes attitudes as linguistic (speech or
social) acts

Situations depend on framing (and attitudes)

Can we safely assume a semiotic cage, so
reducing the problem of the ontology-lexicon
interface to nothing?
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Lexicon in context (2/2)

* Theoretically speaking, yes

* Practically, no

— at least on the Semantic Web, the difference
between data knowledge and linguistic
knowledge is still clear and broad

— attempts to reduce one into the other are
probably to fall

— hybridisation of techniques, assumptions, and
modeling choices seems promising



Example:
research data integration @

http://data.cnr.it


http://bit.ly/semanticscout
http://bit.ly/semanticscout
http://bit.ly/semanticscout
http://bit.ly/semanticscout
http://bit.ly/semanticscout
http://bit.ly/semanticscout

The CNR data sources

Organizational da{

—

qersonnel-related data

File System

Administration
documentation

Activity-related data ¥ Only partly as open data!

.—><Fnanca data><—.
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Semantic Scouting

diritto romano | Search |
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Elenco completo Persone Attivita Strutture CNR

e Dott. Vincenzo Casolino g - (Unita di personale interno)

e Riccardo Cardilli @ ~ (Unita di personale esterno)

e Sandro Schipani @@ ~ (Unita di personale esterno)

e Sull' "uso del diritto romano in Cina". Formazione del diritto cinese nell'ambito del sistema giuridico romanistico (1C.P07.005.001) & ~ (Modulo)

e Laura Formichella @& ~ (Unita di personale esterno)

e Giuseppe Terracina @ ~ (Unita di personale esterno)

e Dott.ssa Sabrina Lanni @ ~ (Unita di personale interno)

e Dott. David Fabio Esborraz @ ~ (Unita di personale interno)

e Sull’ “uso del diritto romano” in Cina. Formazione de! diritto cinese nell’ambito del sistema giuridico romanistico (1C.P07.005) g ~ (Commessa)

e Diritto romano e informatica (IC.P0S.002.001) & - (Modulo)

* Formazione del sottosistemi del sistema giuridico romanistico, processi di integrazione regionale, unificazione del diritto (IC.P07.002.001) & ~ (Modulo)
e Franco Vallocchia @ < (Unita di personale esterno)

e Dott. Giancarlo Taddei Elmi @ (~ (Unita di personale interno)

e Pierangelo Catalano g - (Unita di personale esterno)
e Nicola Palazzolo @ - (Unita di personale esterno)

e Idea giuridica di Roma e diffusione del diritto romano (informazione e formazione anche attraverso strumenti informatici) (IC.P09.002) g9 (~ (Commessa)

e Dott. Natale Rampazzo @ ~ (Unita di personale interno)

e Formazione dei sottosistemi del sistema giuridico romanistico, processi di integrazione regionale, unificazione del diritto (IC.P07.002) @ ~ (Commessa)

e 1 diritti fondamentali come fattori problematici nei processi di sviluppo e di integrazione degli ordinamenti giuridici (IC.P08.007) ¢ ~ (Commessa)
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Frame discovery
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Encyclopedic knowledge patterns

» Crowd-sourced meaning in wikipedia frames:
empirical knowledge engineering

* We have discovered invariances in Wikipedia links
— =108M Wikipedia links

— 272 types

— “typical types” linking to resources of a certain type cluster
above 11% of coverage

— 7x2 typical types stand out (magical number!)
 We have evaluated them in a user study

— good correlation between users and between users and
standout types

« Cf. ISWC2011 paper



Empirical research: wikipedia link patterns for US
supreme court cases

[SupremeCourtOfTheUnitedStatesCase, SupremeCourtOfTheUnitedStatesCase] 45.45
[SupremeCourtOfTheUnitedStatesCase, OfficeHolder] 33.91
[SupremeCourtOfTheUnitedStatesCase, AdministrativeRegion] 33.66
[SupremeCourtOfTheUnitedStatesCase, Judge] 30.40
[SupremeCourtOfTheUnitedStatesCase, City] 15.10
[SupremeCourtOfTheUnitedStatesCase, Country] 13.37
[SupremeCourtOfTheUnitedStatesCase, Legislature] 12.25
[SupremeCourtOfTheUnitedStatesCase, President] 4.88
[SupremeCourtOfTheUnitedStatesCase, Disease] 4.52
[SupremeCourtOfTheUnitedStatesCase, University] 3.86
[SupremeCourtOfTheUnitedStatesCase, EthnicGroup] 3.61
[SupremeCourtOfTheUnitedStatesCase, MilitaryConflict] 3.15
[SupremeCourtOfTheUnitedStatesCase, Senator] 1.88
[SupremeCourtOfTheUnitedStatesCase, Newspaper] 1.83
[SupremeCourtOfTheUnitedStatesCase, Drug] 1.78
[SupremeCourtOfTheUnitedStatesCase, HistoricPlace] 1.73
[SupremeCourtOfTheUnitedStatesCase, Scientist] 1.53
[SupremeCourtOfTheUnitedStatesCase, Governor] 1.53
[SupremeCourtOfTheUnitedStatesCase, School] 1.47
[SupremeCourtOfTheUnitedStatesCase, TradeUnion] 1.32
[SupremeCourtOfTheUnitedStatesCase, River] 1.27
[SupremeCourtOfTheUnitedStatesCase, MilitaryUnit] 1.27
[SupremeCourtOfTheUnitedStatesCase, Congressman] 1.02
[SupremeCourtOfTheUnitedStatesCase, Non-ProfitOrganisation] 0.92
[SupremeCourtOfTheUnitedStatesCase, Magazine] 0.92
[SupremeCourtOfTheUnitedStatesCase, Broadcast] 0.86
[SupremeCourtOfTheUnitedStatesCase, Election] 0.76
[SupremeCourtOfTheUnitedStatesCase, Writer] 0.76
[SupremeCourtOfTheUnitedStatesCase, Website] 0.71
[SupremeCourtOfTheUnitedStatesCase, Town] 0.71
[SupremeCourtOfTheUnitedStatesCase, Book] 0.66
[SupremeCourtOfTheUnitedStatesCase, Film] 0.61

[SupremeCourtOfTheUnitedStatesCase, Language] 0.51
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Baker vs. Carr voting district reapportionment
case, 1962: conceptualising data

A\Cnarles W. Baker et al. v. Joe. C. Carr et al.
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landmark United States Supreme Court case that retreated from the Court’s political question doctrine, deciding that reapportionment (attempts to change the way voting districts are d



Baker vs. Carr case semantic social network
(persons). Hubs are Warren (politician) and Clark

(judge)



Baker vs. Carr case semantic social network
(persons) at degree 2: hubs include most
prominent politicians from the 60s in US



