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* Problem:The semantic heterogeneity problem

* Solution: Current approaches to interoperability

* Ontologies

* Linguistic and knowledge resources: what and why
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The semantic heterogeneity problem
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The difficulty of establishing
a certain level of connectivity
between people, software
agents or IT  systems
[Uschold & Gruninger, 2004]
at the purpose of enabling
cach of the parties to
appropriately understand the

exchanged information

[Pollock, 2002]
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Early solutions

CDBCAFT

‘ Driver Manager |

CDBCAFT
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Physical connectivity relies on the
presence of a stable communication
channel between the parties, for instance
ODBC data gateways and software
adapters.

Syntactic connectivity is established by
instituting a common vocabulary of terms
to be used by the parties or by point-to-
point bridges that translate messages
written in one vocabulary in messages in
the other vocabulary.

This rigidity and lack of explicit meaning
causes very high maintenance costs
(up to 95% of the overall ownership costs)
as well as integration failure (up to

88% of the projects) [Pollock, 2002]
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Access A

Access C

Integration Ontology

Integrated access to multiple
source data/applications

Common conceptual model

3

Various
Concept Models
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The semantic interoperability solution

The solution in three points:

Semantic mediation: the usage of an
ontology, providing a shared vocabulary of

terms with explicit meaning.

Semantic mapping: using the ontology, the
establishment of a mapping constituted by a set
of correspondences between semantically
similar ~ data  elements  independently

maintained by the parties.

Context sensitivity: the mapping has
contextual validity, i.e. it has to be used by
taking into account the conditions and the

purposes for which it was generated.
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e An explicit specification of a shared

conceptualization [Gruber, 1993]
® Directed graphs
® Nodes represent concepts

° Edges represent relations between

concepts

® They provide a common (formal)
terminology and understanding of a

given domain of interest

® They allow for automation (logical
inference), support reuse and favor
interoperability across applications

and people.

Ontologies
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Concepts and relations (l)

o CONCEPT: it represents a set of
objects or individuals

o EXTENSION: the set of individuals
Is called the concept extension or
the concept interpretation

e RELATION: a link from the source
concept to the target concept

e Concepts are often lexically
defined, i.e. they have natural
language labels which are used to
describe the concept extensions,
often with an additional description
or gloss
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Concepts and relations (ll)

™

The backbone structure of an ontology graph is a taxonomy in which the
ontological relations are genus-species (is-a and instance-of) and whole-

part (part-of).

Developmental processes Cell growth and/or maintenance
Is-a
Is-a [V T
Metabolism
Genetic exchange Cell-cell fusion 1 ls-a
Is-a , , e
lea Protein metabolism & modification
Mating (sensu Fungi) -2
w 4 Protein modification
/ Is-a
Mating (sensu Saccharomyces)
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Biological Process
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Pheromone processing

Protein processing
wnf /
Is-a

PROBLEM :: SOLUTION :: ONTOLOGIES :: USE-CASES

.- EXERCISES

11/24/2015 @/




4 N

Concepts and relations (l1)

The remaining structure of the graph supplies auxiliary information about
the modeled domain and may include relations of any kind.

(=)
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. Conceptualization A

An abstract model of how people theorize (part of) the world in terms of
basic cognitive units called concepts. Concepts represent the intention, i.e. the
set of properties that distinguish the concept from others, and summarize the

extension, i.e. the set of objects having such properties.
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Explicit specification

the abstract model is made explicit by providing names and definitions for the
concepts, i.e. the name and the definition of the concept provide a

specification of its meaning in relation with other concepts.

Vincenzo Maltese

™

DOG

a member of the genus Canis (probably
descended from the common wolf) that
has been domesticated by man since
prehistoric times; occurs in many breeds

PROBLEM ::

SOLUTION :: ONTOLOGIES :: USE-CASES :: EXERCISES 11/24/2015 @/




: Formal specification A

The abstract model is formal when it is written in a language with formal

syntax and formal semantics, i.e. in a logic-based language.
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Shared conceptualization

It captures knowledge which is common to a community of people and
therefore represents concretely the level of agreement reached in that

community.

I’'m so glad we all agree
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Kinds of ontologies

™

* Ontologies differ according to the purpose, the syntax and the semantics

* There is also a tension between expressivity and effectiveness

ad hoc XML Description
Hierarchies structured Schema Logics
(Yahoo!) Glossaries formal (OWL-DL)
) T axonomies
Terms Thesauri ‘\MI" ——
‘ordinary’ Principled, Data Models
Clossaries informal (UML, STEP)
Data hierarchies
. General
Dictionaries DB Frames Logic
(EDI) (OKBC)
Schema
Glossaries & Thesauri, MetaData, Formal Ontologies
Data dictionaries Taxonomies XML Schemas, & Inference
& Data Models

[Uschold and Gruninger, 2004]
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e User classifications

Informal ontologies

() Library
+ () CM5400Dema

* Folders in a file system = 2 Developer

) Blog
® Web directories 2D Business Rules
) Cache
® Business catalogs 5 Calendar
+ [) Collection

Vincenzo Maltese

1 Content Block

) Content B ating

) Forms

0 Index Search
+ [7) List Summary

1 Memberzhip

1 Menu
1 Meta
) Foles
I RSS
) Search
) ML

= Top

=l Machine, apparatus
+ Heat exchanger
#- Boiler, furnace
- Stenlizer

i+ Cleaning installation

+ Sound damper, pulsation damper

= Cutting machine

i+ Plasma cutting machine

= Cutting machine [other)

shears (manufacturing of glass)

melt machine (manufacturing of glass)

i+ Cutting machine [parts)

- Cutting mach. (maint., serv.)

#- Cutting mach. (repair)

+ Textile machine

+ Pressure machine
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- Semi-formal ontologies ()

® Knowledge Organization Systems: Library classifications, Thesauri

32  Economics, Education, Society
33 Economics and Management

338 Industries, Products

338.1 - 338.4 Specific kinds of industries

338.4 Secondary Industries and Services

338.47 Goods and Services

338,471 - 338,479  Subdivisions lor Goods and Services

336,476 Technology

338.4767 Manuslacturing

33847677 Textiles

338.476772 Textiles of Seed hawr fibres

3384767721 Cotton

33847677210 Facet Indicator for Standard Subdivision

338.476772109 Historical, geographic, persons treatment
I3B 476772100 Europe Westem Europe
338.476772109 England and Wales

IFBATET72109 Northwestern England and Isle of Man
338476772109 Lancashire
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Semi-formal ontologies (ll)

™

In Knowledge Organization Systems (KOS) there are two main kinds of
relations: hierarchical (BT/NT) and associative (RT) relations.

Rice Word Tree

- Click on the circle to expand the term -
- Click on the word to view the term in different
languages -
- oee Legend for abbreviations.

BT Cereals

BT Plant products

UF Paddy

RT O1vza

RT Rice flour

RT Rice straw

Hice
Details

Arabic)

{
(Chinese)
(English)
(French)
(Spanish)
(Czech)

{

i
TG
Rice
Riz
Iy e

iy

Foruguese) A1Toz
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Formal ontologies

Formal ontologies are expressed into a formal logic language (in syntax and
semantics) and represented via formal specifications (e.g. OWL)

1 <l version = '1.0" encoding = '150-8859-1" 7=
2 <rdf.RDF

3 =owlOntology rdf:about = Museum'/ =

<owl: Class rdf I = Painter'=

<rdfs:label>Painter < fdfs; label >

<rdfs:gubClassOf rdfiresource = '#Artist' />

<rdfs:subClassOf =

<owl Festriction >
<owl:orProperty rdfiresource = '#Painter paints'/>

10 <owl:minCardinality rdfdatatype = Resd#rontegativelnteger=0< fowl minCardinality =
11 < jowl:Restriction=
12 </rdfs:oubClassOf=
13 <jowl:Class>

WO =] O s

14 <Painter rdf. 1D = PabloPicasso'=

15 <ArtistlastName rdf.databype = Rusd#string'>Picasso< /Artist lastame >
16 <Artist firstName rdf.datatype = Rxsdfstring'>Pablo < /Artist.firstName>
17 «Painter paints rdf resource = '#Guemica'/=

18  «Painter paints rdf resource = ‘#Autopartrait'/ =

19 < /Panter>

20 </rdf.RDF =
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Descriptive ontologies (siunchigiia et al., 2009]

= Used to describe objects in a domain

= Real world semantics: the extension of a concept is the set of real
world entities about the label of the concept

= We need to distinguish between classes (Animals) and individuals

(Italy)

= |s-arelations are translated into DL subsumption (E)

kVinc:enzo Maltese
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4 . . . I
Classification OﬂtOlogleS [Giunchiglia et al., 2009]

= Used to categorize objects

= Classification semantics: the extension of a concept is the set of
documents about the entities or individual objects described by the
label of the concept. The semantics of the links is “subset”.

= No distinction between classes (Animals) and individuals (Italy)
= Subset relations are translated into DL subsumption (E)

(a) Animals (b) World

subset subset

Vertebrates Invertebrates Europe @ Asia
Mammals Birds France Italy

subset

Rome

| | |
| | |
| [ |
| | |
| | |
| | |
| | |
| | |
| | |
| subset subset | subset :
| |

| | |
| | |
| | |
| | |
| | |
| | |
| [ |
| | |
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Converting ontologies

FROM DESCRIPTIVE TO
CLASSIFICATION ONTOLOGY

e convert instances into classes

e convert instance-of, is-a and
transitive part-of into NT/BT
relations

e convert other relations into RT
relations

FROM CLASSIFICATION TO
DESCRIPTIVE ONTOLOGY

e each class is mapped to either a
real world class or instance

e each NT/BT relation (assuming
them to be transitive) has to be
converted to either an instance-
of, is-a or transitive part-of

e each RT relation has to be
codified into an appropriate real
world associative relation

The translation process can be
easily automated

However, with the translation we
have a clear loss of information.

The translation process cannot be
automated.

It needs significant manual work to
reconstruct implicit information.
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What a linguistic and knowledge resource is?

Main Entry: great
Part of Speech: adjective
Definition: excellent, skillful

Synonyms: able, absolute, aces, adept, admirable, adroit,
awesome, bad*, best, brutal, cold*, complete,
consummate, crack*, downright, dynamite,
egregious, exceptional, expert, fab, fantastic,
fine, first-class*, first-rate, good, heavy¥*,
hellacious, marvelous, masterly, number one, out
of sight, out of this world, out-and-out, perfect,
positive, proficient, super-duper, surpassing,
terrific, total, tough, transcendent, tremendous,
unmitigated, unqualified, utter, wonderful

Antonyms: ignorant, menial, poor, stupid, unskilled, weak
* = informal/non-formal usage

GEORGE WASHINGTON

te Gy Gl e
1st President of the United States
(1732-99; president 1789-97)

Vice Prestdent: John Adams {1735-1826)

S

Remembered as the Father of His Country, George
Washington stands alone in American history. He was
commander in chiel of the Continental Army during the
American Revolution, chairman of the convention that
wrote the LS. Constitution, and the first president of the
Lnited States. He led the people who transtormed the
Linited States trom a British colony into a self-governing
nation. His ideals of liberty and democracy set a
standand for tuture presidents and for the entire conntry.
Larly Life

The eldest child of Augustine and Mary Ball
Washington, George Washington was born on Feb, 22,
1732, on the Wakefield plantation in Westmaoreland
County, Va, His father was a prosperous landowner who
managed farms, businesses, and mines, Later the family
moved to Ferry Farm on the Rappahannock River,
opposite Fredericksburg, Va. Ferry Farm was the selling
of George's boyhood adventures as described by Mason
Locke Weems in his book The Life and Memorable Aclions

of George Wassfungton (1800). In perhaps the most famous
of these stories, George chops down a cherry tree with a
hatchet and later admits it to his father, stating that he
cannot tell a lie, Today the stories are thought to be
fiction rather than facl.

After his father’s death in 1743, George lived with his
half brother Augustine at Wakeficld and atlended Henry
William’s school, one of the best schools in Virginia. By
age 15 George was skilled in mathematics and
mapmaking and had developed an interest in surveying.

In 1745 Ceorge went to live with his other hall brother,
Lawrence, at an estate on the Potomac River named
Mount Vernon. There he met a wealthy landowner who
hired him to help survey his holdings in Virginia.
(;n;r;;(' excelled at his new pmh-ssi(m. In July 1749 he
was appointed surveyor of Culpeper County, his first
publi\" office. When Lawrence died in 1752, ‘y‘\’ushin;_;tnn
inherited Mount Vernon, thus becoming a landowner.

I'rench and Indian War

Inspired by his brother's experiences in the British Navy,
Washington pursued a military career. Ie was made a
lieutenant colonel in 1754, as tensions rose between the
British and the French over control of the Ohio River
valley. Washington was sent with nearly 200 troops to take
possession of Fort Duquesne, at the site of present-day
Pittsburgh, Pa., but he found that the French had claimed
it first. Washington built Fort Necessity nearby. From
there, his troops and their Native American allies
ambushed a French scouting party, killing the commander
and nine others. The French and Indian War had begun.

First Lady Martha Washington (1731-1802)

Martha Washington set many of the
standands for the proper behavior
and treatment of the president’s
wife. Born Martha Dandridge,

she grow up among the wealthy

plantation families of eastern

Virginia. Her education,

traditional for young women of
her class and time, emphasized
domestic skills and the arts. At age 18

she married Daniel Parke , an heir

to a neighbormg plantation. TTs death in 1757 made
her wealthy. Two years later she married George
Washington and moved with her children to Mount
Vernon, where she became known for her
graciousness and hospitality. By nature a private
person, Martha reluctantly assumed a public role
after George became president. In doing so, she
contributed W the eventual strenglh ancd indluence of
the position of first lady.

e Neargprely i
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NLP

The banks of the river Nile

R

Why do we need linguistic and knowledge resources?

SEMANTIC MATCHING
et Wine

S

—— Number of bottles

bank: sloping land
(especially
slope beside a body

of water)

the

river: a large natural
g
stream

(larger than a creek)

Nile: a major north-

of  water flowing  river  in

northeastern Africa

SEARCH:

automobile

Vincenzo Maltese

SEMANTIC SEARCH

1957 Ferrari 625 TRC Spider

DATA INTEGRATION

This two-of-a-kind classic Ferrari is lauded by

historians as one of the prettiest Ferraris ever Wrapper

built. The 1957 Ferrari 625 TRC Spider is an
absolutely stunning automobile, one as dashing in

the garage as it is at 120 mph.

v

Back in the Saddle: Presenting our Porsche
911 (997) Carrera S Cabriolet

:

There’s a reason the Porsche 911 is one of the s il
most popular sports cars ever, and after a few .y
\'\-____—__._-/

minutes behind the wheel of one you’ll understand

why.

w
Q
=
5
o
L]
0
4
v
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Exercises

1. Is a ER diagram a formal ontology? Explain why yes or no.

2. |s a database schema a formal ontology? Explain why yes or no.

3. Create an ontology to describe your family in terms or general classes,

relations between them and actual individuals

4. |dentify in the web two thesauri in the agricultural domain

5. ldentify in the web an OWL ontology

6. ldentify a sub-tree in your file system and convert it into a descriptive

ontology where each node label is given a definition

Vincenzo Maltese
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Linguistic resources




e

Roadmap

e WordNet
e MultaWordNet
® Weaknesses of existing linguistic resources

e Exercises
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11/24/2015 @/




WordNet (1985)

WordNet Search - 3.1 stream

™

watercourse word sense

Word to search for: watercourse Search WordNet A natural body of running water
flowing on or under the earth

Display Options: (Select optionto change) « | Change

synset

Key: "S" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun

s 5. (n) watercourse (natural or artificial channel through which water flows)
s 5 (n) stream, watercourse (a natural body of running water flowing on or under
the earth)

hyponym-of relation

o direct hyponym ! full iyponym

 S:(n) branch (a stream or river connected to a larger one) A large natural stream of water
(larger than a creek)

» 5. (n) brook, creek (a natural stream of water smaller than a river
(and often a tributary of a river)) "the creek dried up every summer”
S (n) headstream (a stream that forms the source of a river)

S (n) river (a large natural stream of water (larger than a creek)) "the
river was navigable for 50 miles"”
S: (n) tidal river, tidewater river, tidal stream, tidewater stream (a
stream in which the effects of the tide extend far upstream)

o part meronym

o direct hypernym [ inherited hypernym [ sister term

o derivationally related form
s 5. (n) watercourse, waterway (a conduit through which water flows)

. ®
|
E)
=
<=
=
[}
=
“—|
=
1=
=
=
=
=
e
=
4
&)
=
i1
—
o
4]
=
o
=
1
[2%]
=
—

river
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http://wordnet.princeton.edu/

g Words A

= Words are the basic constituents of a language

= WordNet focuses on lemmas, i.e. the canonical form of a set of words In
a language.

In English, for example, run, runs, ran and running are forms of the same
lexeme, with the verb run as the lemma.

= WordNet also accounts for exceptional forms. For nouns, they are
usually the irregular plural forms, for adjectives and adverbs irregular
superlatives, for verbs irregular conjugations.

For instance, the noun wives is an exceptional form of the noun wife.
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Senses and synsets A

= A (word) sense is a word in a language (e.g. English) having a distinct
meaning.

= Senses for each word are ranked.
= Words having same sense are grouped together into a synset.

= Each synset is associated a part of speech (POS) in the set {noun,
adjective, verb, adverb} and a gloss.

For instance, in English the word good:

(noun) good : an article for commerce
(adjective) good : having positive qualities.
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black is antonym of white.

| exical relations

m Lexical relations are between word senses.

= Synonymy is a symmetric relation connecting two senses of two
different words with same POS and same meaning. WordNet
Implements synonymy through the notion of synset.

stream and watercourse are synonym

= Antonym is a symmetric relation connecting two senses of two different
words with same POS and opposite meaning.

WORDNET ::

MULTIWORDNET :: WEAKNESSES :: EXERCISES
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g Semantic relations

= Semantic relations are between synsets.
= Yisahypernym of X (and X is hyponym of Y) if every X is a (kind of) Y

canine is a hypernym of dog

= Yisameronym of X (and X is holonym of Y) if Y is a part of X

window is a meronym of building
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MultiWordNet (2002) -

Search g Options

stream watercourse
English - Word ~ watercourse

Word statistics | Database report | Bug report | Cradits

A natural body of running water
flowing on or under the earth

The word "watercourse" has 3 senses:

English WordNet ereated by Princeton University (USA) A

Noun :
||L| 1. stream, watercourse |(Gcograph}-‘) a natural body of running water flowing on or under the earth : M ap p| n g V| a
||L| 2. watercourse |(Ge-0graph}-':| natural or artificial channel through which water flows 1
||L| 3. watercourss, waterway |(Transp-0rt:| a conduit through which water flows i Synset I DS
Elaboration time: 0 sec |

A"

, 2. -

Synset: Siream, watercourse

Phraset:

Closs: 2 natural body of running water flowing on

or under the earth
- = _ s corso d’acqua

Synset: corso_d'acqua, ruscello

Phraset:

Gloss:
ﬁ Strengths Weaknesses

Symset: corTiente * Mapping with 6 languages * Only a partial coverage
raset: « Lexical GAPs can be defined + Afew glosses available

» Biased towards English
Vincenzo Maltese WORDNET :: MULTIWORDNET :: WEAKNESSES :: EXERCISES
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http://multiwordnet.fbk.eu/english/home.php

s

Lexical GAPs and phrasets

The fact that a language (e.g. English) expresses in a lexical unit what the other
language (e.g. Italian) expresses with a free combination of words (e.g. borrower =

chi prende in prestito)

Noun
Chverview v

The word "borrower” has 1 senses:

English WordNet created by Princeton University (USA)

Noun

L E
E a

Synset: borrower

Phraset:

Gloss: someone who receives something on
the promise to return it or its equivalent

v

)

b1 b (Economy) someone who receives something on the promise to return it or its Svynset: (GAP!
. borrower = : : . .
equivalent Phraset: chi_prende_in_prestito
Elaboration time: 0 sec Gloss:

Visitors since 09-04-2003 [0]13191.2]6]6] 2] 3]

e | :
Synset: prestatario

Phraset:
Gloss:

E '
Synset: mutuirio

Phraset:
Gloss:

I
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Problems with WordNet-like resources (I) A

« 5. (n) educational institution (an institution dedicated to education)

5. (n) school (an educational institution) "the school was founded in 1900"
« 5. (n) dance school (a school where students are taught to dance)
« 5. (n) dancing school (a school in which students learn to dance)
« 5 (n) religious school (a school run by a religious body)

Nodes in similar position do not share same ontological properties

« 5. (n) grade school, grammar school, elementary school, primary school (a school for young children)
¢ 5 (n) infant school (British school for children aged 5-7)
« 5. (n) junior school (British school for children aged 7-11)

« 5 (n) correspondence school (a school that teaches nonresident students by mail)

Glosses exhibit space and time bias

e« 5. (n) preschool (an educational institution for children too young for elementary school)
e 5: (n) kindergarten (a preschool for children age 4 to 6 to prepare them for primary school)
e 5. (n) nursery school (a small preschoaol for small children)
e 5 (n) playschool, play group (a small informal nursery group meeting for half-day sessions)

Some concepts are too similar in meaning

e 5 (n) public school (private independent secondary school in Great Britain supported by endowment and tuition)
= 5. (n) eton college (a public school for boys founded in 1440) located in Berkshire
« 5. (n) winchester college (the oldest English public school) located in Winchester

Some concepts are actually individuals
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4 N

Problems with WordNet-like resources (ll)

Noun

« 5. (n) bank (sloping land (especially the slope beside a body of water)) "they pulled
the canoe up on the bank" "he sat on the bank of the nver and watched the
currents”

» S (n) depository financial institution, bank, banking concern, banking company (a
financial institution that accepts deposits and channels the money into lending
activities) "he cashed a check at the bank": "that bank holds the mortgage on my
home"

« 5 (n) bank (a long ndge or pile) "a huge bank of earth”

« 5 (n) bank (an arrangement of similar objects in a row or in tiers) "he operated a
bank of switches”

« 5 (n) bank (a supply or stock held in reserve for future use (especially in
emergencies))

« 5. (n) bank (the funds held by a gambling house or the dealer in some gambling
games) "he trnied to break the bank at Monte Carlo”

« 5. (n) bank, cant, camber (a slope in the turn of a road or track; the outside is higher
than the inside in order to reduce the effects of centrifugal force)

e S:(n)savings bank, coin bank, money box, bank (a container (usually with a slot in
the top) for keeping money at home) "the coin bank was empty”

« 5 (n)bank, bank building (a building in which the business of banking transacted)
“the bank is on the corner of Nassau and Witherspoon”

« 5 (n) bank (a flight maneuver; aircraft tips laterally about its longitudinal axis
(especially in turning)) "the plane went into a steep bank"

Polysemy — too fine grained distinctions in meaning
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Exercises

1. ldentify in WordNet two synsets denoting individuals

2. ldentify in WordNet two equivalent synsets, i.e. two synsets having same

meaning

3. ldentity in WordNet a word with a polysemy > 10

4. ldentity in WordNet the direct hypernym of «museum»

5. ldentity in WordNet a word with an antonym

6. ldentity in WordNet three cases of space bias and three cases of time
bias

7. ldentify in MultiWordNet three words having a GAP in another language
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Knowledge resources




e

Roadmap

¢ Renowned knowledge resources
e The (open) linked data initiative
o Applications

e Exercises

Vincenzo Maltese
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Example of knowledge content

Albert Einstein Mileva Maric

date of birth spouse

v

pd

March, 14 1879 <

SCIENTIST PERSON

ETH Zurich

UNIVERSITY

RESOURCES :: LINKED DATA :: APPLICATIONS :: EXERCISES
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(1984)

Thing
Tucdivvi chual Pattisllyintangible
| Il athem aticalOrC om putati onal Thing |
P artiallyl rtangibl elncividuel ‘ ‘ Trtangible ‘
TemporalThing SpatialThing
Mlathem atical Thing
Ini.anglblel ndividual
SetOrC allect
Timelnterval | | Sltuaton M athem atcalOb] ect
3 om ethingExisting AttributeV alue | Fet-hlathematical | | Collection |
| SpatialThing Localized J Situation T smporal
R elation

P artiallyT angible \

TangibleThing

Vincenzo Maltese

Btati olituation

TruthFunction I | FunctionalR elation || 3 copingR elati on |

| Funetion-D enwotati onal |

F:.x edAntyR elation

: i Predicate
‘ IttangibleE xistingThing | Composite Targhle B‘myRela‘wn Bl
Andbtang ibleChject
BinaryPredicate | ObjectPredicate | | CQuantifier |
Raole LogiralConne: e
‘ BinaryF ol ePredicate |

hikbp f s, oy, comfoyodocvocabupperont-diagram, html

A general-purpose common sense knowledge base
Hand-crafted
It contains around 2.2 million assertions and more than 250,000 terms

Content into three levels from broader and abstract knowledge (the upper ontology) and widely used
knowledge (the middle ontology) to domain specific knowledge (the lower ontology).

RESOURCES :: LINKED DATA :: APPLICATIONS :: EXERCISES

Triples such as:

#%isa
#$BillClinton
#$UnitedStatesPresident

#$capitalCity
#$France
#$Paris
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http://www.cyc.com/platform/opencyc

e

B entity
B @ physical
= @ object
= ® process
® dual object process
B @ intentional process
@ intentional psychological process
@ recreation or exercise
@® organizational process
@ guiding
@® keeping
+ ® maintaining
@ repairing
@® poking
@® content development
B @ making
+ @ constructing
Bl @ manufacture
+ ® publication
+ @ cooking
@ searching
@® social interaction
+ @ maneuver
® motion
@ internal change
+ @ shape change
@ abstract

SUMO ontology (2001)

Suggested Upper Merged Ontology

» A general-purpose common sense knowledge base

» Hand-crafted

» |t contains around 1,000 terms and 4,000
definitional statements

» |ts extension, called MILO (Mid-Level Ontology),
covers individual domains

Vincenzo Maltese RESOURCES ::
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http://www.adampease.org/OP/

g DB

Pedia (2007

Property Value

is p:Origin of dbpedia:Alec_Empire
dbpedia:Clara_Hill
dbpedia:Frank_Duval

is p:PLACE_OF _BIRTHof  dbpedia:Drafi_Deutscher
dbpedia:Hannelore_Kohl
dbpedia:Hartmut_Mehdorn
dbpedia:Julius_Klaproth
dbpedia:Otto_Devrient

is p:PLACE_OF DEATH of dbpedia:August_Borsig
dbpedia:Heinrich_Gr%C3%BCnfeld
dbpedia:Johannes_Rau
dbpedia:Ludwig_Suthaus
dbpedia:Martin_Heinrich_Klaproth

is p:Recorded of dbpedia:Benzin
dbpedia:K.K.K.K.K._%28album%29
dbpedia:Mann_gegen_Mann
dbpedia:Rosenrot_%28song%29

Berlin-Brandenburg metropolitan region, ... »more» (en)

« Textis not semantically analyzed

Beflln at DBpedia.org . WI kl ped | a
http://dbpedia.org/resource/Berlin "3
Country Germany
Berlin is the capital city and one of the sixteen states of the Federal Republic of Germany. It is the heart G
of the Berlin-Brandenburg metropolitan region, located in northeastern Germany. With a population of 3.4 overnment
million, Berlin is the country's largest city, and the second most populous city in the European Union. + Governing Mayor Klaus Wowereit (SPD)
* Governing parties SPD/CDU
*Votes in Bundesrat 4 (of 69)

Area
+ City

Elevation

Population (December 201 3)[1]

+ City
+ Density

Time zone
* Summer (DST)

Postal code(s)
Area code(s)

1SO 3166 code
Vehicle registration

is p:STERBEORT of dbpedia:Adolph_Wagner GDP/ Nominal
dbpedia:Albert_Heilmann
dbpedia:Max_Taut A
dbpedia:Robert_von_Mohl NUTS REQIDI‘I
p:abstract Berlin is the capital city and one of the sixteen states of the Federal Republic of Germany. It is the heart of the Website

« Itis automatically built by extracting semi-structured content from Wikipedia

Vincenzo Maltese RESOURCES ::
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891.85 km? (344.35 sq mi)
34 m (112 ft)

3,517,424
3,900/km? (10,000/sq mi)

CET (UTC+1)
CEST (UTG+2)

10115-14199
030

DE-BE

g2

€109.2 billion (2013) !
DE3

berlin.de &
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http://dbpedia.org/About

YAGO ontology (2008)
physicist word

subclass subclass ‘

subclass subclass subclass
subclass
instance-of
Biologist subclass

instance of
'K [ Max Planck } instance

a scientist trained in physics class

CONCEPTS

instance of

* Concepts are taken from noun synsets of
WordNet

* Instances and their properties are
automatically extracted from Wikipedia

+ The linking of concepts with instances is
done via NLP techniques

INDIVIDUALS

means means

“Max “Max Karl
Planck” Ernst Ludwig

* Accuracy is claimed to be ~95%
+ Itis available in triple (RDF) format

WORDS

Planck”
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http://www.mpi-inf.mpg.de/departments/databases-and-information-systems/research/yago-naga/yago/

~ Freebase Fnd

in, Berlin is influ
i -umented in the 1

View and edit specific domaing, types, or properties...

Filter options: D Show all domains and properties

Common

ommaon

Also known as
Also known as
Land Berlin

Berlin, Germany

3 values total »

Description

Berlin is the capital city of Germany and one of the 16 states of Germany. With a gupulatiun_ of 3.5 milion people, Berlin is Germany's largest
an area in the European Union. Located in nertheastern

Germany on the River Spree, it is the center of the Berlin-Brandenburg Metropolitan Region, which has about 4.5 million residents from over
180 nations. Due to its location in the Eurcpean Plain, Berlin is influenced by a temperate seasonal climate. Around one third of the city's area is
composed of forests, parks.ngﬁ'rdens. rivers and lakes. First documented in the 13th century, Berlin became the capital of the Margraviate of

russia, the German Empire, the Weimar Republic and the Third Reich. Berlin in the 1920= was the third largest
in the world. After World War ||, the city was divided; East Berlin became the capital of East Germany while West Berlin became a
o West German exclave, surrounded by the Berlin Wall. Following German reunification in 1930, the city was once more designated as

city. It is the secend most populous city proper and the seventh most populous ur

Brandenburg, the Kingdom o
municipali
de fa
the capital of all Germany, hesting 158 foreign embassies.

« Semi-automatically built

« It contains data harvested from several sources such as Wikipedia,

Browse

Query

Help

—
~FEn

Freebase (2010

Sign In or Sign Up

million p
n Union. Lo

\ingdom of P
i rid

urrounded

Types:

Common
LITIE Topic

Film
Filming location

Government

English ~

Governmental Jurisdiction

Location
City/Town/Village
Location

German state
German city
Statistical region

MusicBrainz, as well as individually contributed data from its users.
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Administrative Division

NNDB, FMD and
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https://www.freebase.com/

The Initiative
schema.org - E=

Schemas Documentation

Thing > Person

A person (alive, dead, undead, or fictional).

Property Expected Type Descnption

Properties from Fersun

An additional name for a Person, can be used for a middle name.
Physical address of the item.

An organization that this person is affiliated with. For example, a

school/university, a club, or a team.

An educational organizations that the person is an alumni of.

Inverse property: alumni.

award Text An award won by this persan or for this creative work. Supersedes awalds
Sofhoic Date Date of birth.

Organization or The brand{s) associated with a product or service, or the brandis) maintained by
prand Erand ...................... an organization or business person.
children .E.EEE.T. A child of the person.
colleague Person A colleague of the person. Supersedes colleagues.
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https://schema.org/

Linked Data Cloud (since 2007) A

{33
South-
BaC Surge eiangss
Playcount Radio «
Data
» N\
Doap- |«

As of July 2009
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http://linkeddata.org/

g Linked Data A

The Linked Data approach forms the basis of data publishing guidelines
pinpointing how data from government, public and private sectors can be

more valuable for the consumers.

Principles

O the use of http URIs as the identifiers of things (concepts, entities and
attributes)

O the provision of meaningtul content published in open format (RDF) for
each URI reference

O the production of navigable content via links
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INED @1’11\

On the web
Machine- read
Non-propnetarY
RDF standards
Linked RDF

"YOUR pATA 5 ¢
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Linked Open Data

publishing on the Web
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" The Semantic Geo-catalogue of the PAT
e

Ricerca per contenuto

Il geo-catalogo permette di classificare, descrivere e
ricercare informazioni relative a geo-dati e geo-servizi
secondo le specifiche tecniche del Repertorio Nazicnale
dei Dati Territoriali del DigitPA. I servizi di accesso ai
tematismi Open Government Data, con licenza
Creative Commons Zero - CCZero e in formato RDF,
noenche la ricerca semantica sono attualmente in fase
sperimentale.

acqua (17) corso d'acqua (9) lago (1) acque superficiali [2)
Risultati: 1-10 (17) =>> (Ordina per | Rilevanza ¥ Apagina 1 v

b 3 i 3 iy 3 i 3 i 3

w_ IFF2007 NEL BACINO DEL DESCRIZIONE _ .
TORRENTE FERSINA O, “Mapr

a previsione di ambiti fluviali nel Piano dia‘ﬂ bil‘éi.

—— . R

o Contatto: AGENZIA Generale Utilizzo Acque Pubbliche della
PROVINCIALE PER LA Provincia Autonoma di Trento -PGUAP- & stata
(@) o PROTEZIONE DELL'AMBIENTE sicuramente una decisione illuminata e
PROVINCIA AUTONOMA DI lungimirante, dove sic ...
TRENTO Stato del metadato: Pubblicato
Parole chiave: conservazione Cartella: Tematismi/Ambiente/Acqua/IFF

ambientale , paesaggio , qualita
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http://www.territorio.provincia.tn.it/portal/server.pt/community/sgc_-_geocatalogo/862/sgc_-_geocatalogo/32157
http://www.territorio.provincia.tn.it/portal/server.pt/community/sgc_-_geocatalogo/862/sgc_-_geocatalogo/32157
http://www.territorio.provincia.tn.it/portal/server.pt/community/sgc_-_geocatalogo/862/sgc_-_geocatalogo/32157

Open Data Trentino portal

'l"-
.’ Dataset (Organizzazioni Categorie Apps Informazioni FAQ
- Y OPENGdata
@ " TRENTINO Darti Aperti del Trentino. Tutti i dati che cercavi del Sistema Trentino.
A / Dataset

T Organizzazioni
PAT Sistema Informa... (3) Cerca dataset..

Mostra altri Organizzazioni

3 dataset trovati Ordina per: | Rilevanza v
Categorie
M g Categorie: (elSgielSGISR S ]k 3 Formati: Tag: QLLEHIEEE

Gestione del territ... (3) x

Mostra altri Categorie ] ] . .
Punti monitoraggio qualita acqua

Raccoglie i punti di riferimento per i programmi di monitoraggio della qualita delle acque superficiali e
sotterranee attivi sul territorio della Provincia autonoma di Trento._.

Idrografia (3) X  RDF | Shp

T Tag
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http://dati.trentino.it/

e
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Open Government Data in

DATA.GOV.UK™*

Opening up Government

Datasets

o)

@ or conduct map based search

SHOW ONLY ...
Published datasets (15614)

Unpublished datasets (4078)

NIl DATASETS
Hide NIl datasets (19472)

Show NIl datasets (220)

LICENCE

Open Government Licence (11404)

19692 Results Sortby:  Popularity B

Live traffic information from the Highways
Agency

Live traffic information data showing traffic information on the
strategic road network in England, maintained by the Highways
Agency. Update: 12th August 2013 Following a change of...

Statistics on Obesity, Physical Activity and Diet,
England

This statistical report presents a range of information on obesity,
physical activity and diet, drawn together from a variety of sources.
The topics covered include: Overweight and...

RESOURCES :: LINKED DATA :: APPLICATIONS :: EXERCISES

Health
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http://data.gov.uk/

Exercises

1. Design two small knowledge graphs about a famous person taking

iInformation from Wikipedia, and YAGO (use the

2. Explore and find information about Trento

3. Explore and find useful information about museums

currently contains

Search for the linked data cloud and check how many datasets it

Vincenzo Maltese RESOURCES :: LINKED DATA :: APPLICATIONS :: EXERCISES
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https://gate.d5.mpi-inf.mpg.de/webyagospotlx/Browser
https://www.freebase.com/
http://data.gov.uk/

Capturing diversity

with the UKC and Entitypedia




e

Roadmap

O Diversity and diversity dimensions
e The entity—centric approach

¢ The UKC and Entitypedia

e Exercises

Vincenzo Maltese
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The inherent diversity of the world

What does

bug mean?
COMPUTER

SCIENCE

ENTOMOLOGY

. goals, culture, belief, personal experience ...

Vincenzo Maltese
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Diversity is pervasive in world descriptions

Within a natural language
o “bug as malfunction” vs. “bug as food” (homonymy)
o “stream” and “watercourse” have same meaning (synonymy)

Across natural languages
o ‘“watercourse” in English is same as “corso d’acqua” in Italian (concepts)
o There is no lemma in Italian for “biking” (lexical GAP)

In formal language
o There are several types of bodies of water (semantic relations)

o Rivers have a length, lakes have a depth (schematic knowledge)

In data (ground knowledge)
o The Adige river is 410 Km long; The Garda lake is 136 m deep

o “Bugs are great food” vs. “how can you eat bugs?” (the role of culture)
o “Climate is/is not an important issue” (the role of schools of thought)

Vincenzo Maltese
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’ P ‘.. t’} :,"L"\’

North America

-ty Mo

O English

) Spanish

Latin America

() Spanish 58%
0 Portuguese 33%
() Creole 2%
0O English 1%
0 Other 6%

Vincenzo Maltese

B French
0O Chinese
) Other

Diversity in language

20%
o%
%

'
7N

\.‘L /

e \-"\

\ 1 Europe
B Russian
B German
B Turkish
£ English
O alian
8 French
@ Polish
() Spanish
8 Ukrainian
) Other

Africa

Xf

O Arabic 17%
0 Swahili 8%
O French 6%
) English 4%
O Kwa 3%
@ Housa N
O Other 58%,

DIVERSITY

:: THE APPROACH :: UKC & ENTITYPEDIA :: EXERCISES

B Chinese 34%

‘N @ Hindustani

£ Bengall B%

© D Indonesian (8
L D Japanese

0 Punjabi 3%
0 Other 34%
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: Diversity in Knowledge A

locations

-y A

. Billio - people

* Millionsof = = o

* ...and events, artif
creative works, ...

: .
L&
&4 : ' A
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™

Terminological and ground Knowledge

Actor

acted in

Movie, Film

Michael J. Fox

acted in

Back to the future Il
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o Entities are objects which are so
important in our everyday life to be
referred with a name

O Each entity has its own attributes
(e.g. latitude, longitude, height...)

o Each entity 1s 1n relation with other
entities (e.g. Eiffel Tower 1s located in
Paris, France)

o Each entity as a reference class (e.g.
monument) which determines its
entity type (e.g. location)

An entity-centric vision of the world (1)

Eiffel Tower

DIVERSITY :: THE APPROACH :: UKC & ENTITYPEDIA :: EXERCISES
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" An entity-centric vision of the world (1) A

location

event

organization

person

Entities are not all the same; they have different metadata according to the

type of entity
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4 N

What do we aim to? How to achieve that?

Name: Coliseum
Class: Amphitheatre
Height: 48,5 m
Latitude: 41.89
Longitude: 12.49
Location: Rome

Name: Arch of Constantine
Class: Triumphal arch
Latitude: 41.88
Longitude: 12.49
Location: Rome

Customer: Constantine |

M
R

Ny ‘\‘\K‘A L y\ ’,‘“)q:“‘.,

Name: Fori Imperiali

Class: Bus Stop
Company: ATAC

Name: John Doe
M Class: Person
A 38| Date of Birth: 1960-05-12
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http://en.wikipedia.org/wiki/Triumphal_arch
http://en.wikipedia.org/wiki/Triumphal_arch
http://en.wikipedia.org/wiki/Constantine_I

: The UKC and Entitypedia (since 2010

NATURAL LANGUAGE
EN
stream watercourse
p

A natural body of running water
flowing on or under the earth

.

/

A large natural stream of water
(larger than a creek)

.

river

FORMAL LANGUAGE

-
-
-
-
-
-
-

)\

NATURAL LANGUAGE
IT

corso d’acqua

~

~~~-__| Uno specchio d’acqua che scorre
sulla tera o al di sotto di essa

Un grande corso d’acqua di
__-1origine naturale (piu’ grande di
-7 un ruscello)

filume

- Mississippi River
GROUND KNOWLEDGE

* Manually built via collaborative development [Tawfik et al., 2014], bootstrapped from WordNet,

MultiwordNet, GeoNames

« Split natural language, formal language and ground knowledge [Giunchiglia et al., 2012b]
+ Domain knowledge is created following the DERA methodology [Giunchiglia et al., 2012a] and principles
[Giunchiglia et al., 2009] with distinction between entities, classes, relations, attributes and values

Vincenzo Maltese
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The UKC components

The natural language:
our vocabulary in
multiple languages

The fomal language:
our graph of language-
independent notions

Schematic knowledge:
Our schema of basic
entity types

Domain knowledge:
Domain-specific partition
of the language above

Natural Language Core (NLC)

Concept Core (CC)

EType Core (ETC)

Domain Core (DC)

Vincenzo Maltese DIVERSITY :: THE APPROACH :: UKC & ENTITYPEDIA :: EXERCISES
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Concept Core
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€en

it

bn

zh

hi

€n

mn
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Natural Language Core

Canal long and narrow strip of water made for

boats or for irrigation

canale; corso d'acqua artificiale, costruito per

naviglio l'irrigazione ola navigazione

YCXKYYJIaJIT 3CB3J1 3aBUH/L 30pUYJ/ICaH

6apbCcaH YCHbI YPT HAPUHH I'yAaMK
G 992 N HIET I (96 AT

cyBar

AT

17+ Wil B R

IrET 31ie & fow ST F8r
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Rivulet A small stream

GAP By I 9rT
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Etype Core: lattice (sample)

Movie
Mind Product Song
Paper
Organization Document
Proceedings
Abstract Entity
Event Conference
Session
Information
Entity Object
Presentation
Artifact
Seminar
Physical Entity Person CORE
Location
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Domain Core: the DERA methodology

O To capture terminology relevant to a specific domain
O Based on the faceted approach from Library and Information Science

O Terrninology can be directly codified into Description Logic

Domain Entity Classes Relations Attributes
(& (o OENONER

ARRAY —_K A\. j A\.

- /

CATEGORY FACET CONCEPT
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Entitypedia compared with existing knowledge bases

Hentities | #Hfacts Distinction | Distinction | Manual
classes and
Instances

250K 2.2 M No No Yes
OpenCYC 47k 306k Yes No No Yes
SUMO 1k 4k No Yes Yes Yes
MILO 21k 74k Yes Yes Yes Yes
DBPedia 3.5M 500 M No No No No
YAGO 2.5 M 20 M No No No No
Freebase 22 M ? Yes Yes No Yes
Entitypedia 10 M 80 M Yes Yes Yes Yes

Vincenzo Maltese DIVERSITY :: THE APPROACH :: UKC & ENTITYPEDIA :: EXERCISES 11/24/2015 @/




1. Search on the Web information about how many languages are spoken in

Exercises

Europe and in the whole world.

2. What is the most widely spoken language in the world?

3. Provide an example of concept which is heavily cultural dependant.

4. What are the top level entity types (up to 10) that to you are necessary to

codify the whole world knowledge?

5. What are the main novelties introduced by the UKC and Entitypedia w.r.t.

previous approaches?

Vincenzo Maltese
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Methodologies for content generation




. Roadmap

¢ Introduction
e Motivation

e The original faceted approach

* Primitive notions in DERA

* Steps in the methodology

* Guiding principles

* Converting DERA ontologies into DL
* Applications

e Exercises
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WHY DO WE NEED A METHODOLOGY?
BECAUSE SMALL DIFFERENCES MATTER...

Humans and chimps share a surprising 98.8 percent of their DNA.

How to build ontologies which are of the highest quality possible?

Vincenzo Maltese
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e

* Several methodologies have been developed for the
construction and maintenance of ontologies (KR) or
controlled vocabularies (KO)

® The faceted approach [Ranganathan, 1967] from
library science is known to have great benetits in

terms of quality and scalability

® ]t is based on the fundamental notions of domain and
facets, which allow capturing the different aspects of a

domain and allow for an incremental growth.

® Originally facets were of 5 types (PMEST):
Personality, Matter, Energy, Space, Time.

® A key feature is compositionality (meccano property),
i.e. the system allows a subject to be constructed by

freely combining some basic components (facets).

Methodologies to ontology development

™

[D] Medicine

[E] Body Part
. Digestive System
.. Stomach

[P] Disease
. Cancer
.. Carcinoma
... Adenocarcinoma

[A] Action
. Treatment

[M] Kind (to be applied to [A] Action)
. Chemotherapy
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The DERA framework

O To capture terminology relevant to a specific domain

O

DERA is faceted as it is inspired to the faceted approach

o0 DERA is a KR approach as it models entities of a domain (D) by their
entity classes (E), relations (R) and attributes (A)

O Terminology can be directly codified into Description Logic

Domain Entity Classes Relations Attributes
[ (o (o OENONER

ARRAY —_K A\. j A\.

- /

CATEGORY FACET CONCEPT
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Domains

® Any area of knowledge or field of study

that we are interested in or that we are
communicating about that deals with

specific kinds of entities:

Domains are the main means by which the
diversity of the world is captured, in
terms of language, knowledge and

personal experience.

s —&

P Lt Y
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Primitive notions

* Entity: a (digital) description of any real world physical or
abstract object so important to be denoted with a proper name. A
single person, a place or an organization are all examples of

entities.
° Entity Class: any set of objects with common characteristics.

e Relation: any object property used to connect two entities.
Typical examples of relations include part-of, friend-of and
affiliated-to.

e Attribute: any data property of an entity. Each attribute has a
name and one or more values taken from a range of possible

values.
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Elements of DERA

A DERA domain is a triple D = <E, R, A> where:

® E (for Entity) is a set of facets grouping terms denoting entity classes, whose

instances (the entities) have either perceptual or conceptual existence. Terms

in these hierarchies are explicitly connected by is-a or part-of relation.

® R (for Relation) is a set of facets grouping terms denoting relations between

entities. Terms in these hierarchies are connected by is-a relation.

® A (for Attribute) is a set of facets grouping terms denoting

qualitative/quantitative or descriptive attributes of the entities. We differentiate

between attribute names and attribute values such that each attribute name is

associated corresponding values. Attribute names are connected by is-a

relation, while attribute values are connected to corresponding attribute

names by value-of relations.

Vincenzo Maltese
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g DERA facets A

e DERA provides the language required ENTITY CLASS RELATION ATTRIBUTE
. .. . . Location Direction Name
to describe entities of a certain entity Landform (is-a) East Latitude
type in a given domain <D) (is-a) Natural elevation (is-a) North Longitude
(is-a) Continental elevation (is-a) South Altitude
L Language comprises entity classes (E), (is-a) Mountain (is-a) West Area
. . (is-a) Hill Population
relatlons (R> and attrlbutes (A) ) (is-a) Oceanic elevation Relative level
names and ValueS, (is-a) Seamount (is-a) Above Depth
(is-a) Submarine hill (is-a) Below (value-of) deep
* Concepts and semantic relations (is-a) Natural depression (value-of) shallow
between them form hierarchies o f (is-a)Continental depression Containment
(is-a) Valley (is-a) part-of Length
homogeneous nature called facets, (is-a) Trough (value-of) long
(is-a) Oceanic depression (value-of) short

each of them codifying a different

(is-a) Oceanic valley
aSpeCt Of the domaln. (is-a) Oceanic trough

. . . Body of water
® Each facet is a descriptive ontology (is-2) Flowing body of water

[Giunchiglia et al., 2014]

(is-a) Stream, Watercourse
(is-a) River
(is-a) Brook
(is-a) Still body of water
(is-a) Lake
(is-a) Pond
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Analysis of the term “school”

Term: School

™

Source Definition Genus Differentia

WordNet an educational institution institution educational

Oxford dictionary an institution for educating children institution for educating children
Merriam-Webster  an institution for the teaching of children  institution for the teaching of children

Wikipedia

an institution designed for the teaching of institution

students (or "pupils") under the direction

of teachers

for the teaching of students

The term school is in general highly polysemous. Among others, school may denote a building. In the
context of educational organizations, as from above, it seems there is quite an agreement about the
fact that it indicates a kind of educational institution, but in some cases (such as fore WordNet) the

meaning is left very generic. We coined the following definition: “an educational institution designed for

the teaching Qf students under the direction cyf teachers”.

Vincenzo Maltese

INTRO :: DERA :: STEPS :: PRINCIPLES :: APPLICATIONS :: EXERCISES | 11/24/2015 @/




™
Synthesis of educational organizations

Educational Institution
<by level of complexity>
Preschool
School
Primary school
Secondary school
Post-secondary school
<by programme orientation>
Training school
Vocational school
Technical school
Graduate school
College
University
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- Synthesis of educational organizations\

Educational Institution (an institution dedicated to education)
Preschool (an educational institution for children too young for primary school)
School (an educational institution designed for the teaching of students under the direction of teachers)
Primary school (a school for children where they receive the first stage of basic education)
Secondary school (a school for students intermediate between primary school and tertiary school)

Tertiary school (a school where programmes are largely theory based and designed to provide sufficient qualification for

entry to advanced research programmes or professions with high skill requirements and leading to a degree)

Training school (a tertiary school providing theoretical and practical training on a specific topic or leading to

certain degree)

Vocational school (a tertiary school where students are given education and training which prepares for direct

entry, without further training, into speczﬁ'c occupation)
Technical school (a tertiary school where students learn about technical skills required for a certain job)

Graduate school (a tertiary school in a university or independent offering study leading to degrees beyond the
bachelor's degree)

College (an educational institution or a constituent part of a university or independent institution, providing higher education or

specialized professional training)

University (an educational institution of higher education and research which grants academic degrees in a variety of subjects

and provides both undergraduate education and postgraduate education)
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L o h
Guiding principles

Relevance

Ascertainability

Permanence

Exhaustiveness

Exclusiveness

Context

Currency
Reticence

Ordering

Vincenzo Maltese

breed i1s more realistic to classify the universe of cows instead

of by grade
ﬂowing body of water
spring as a natural flow of ground water

to classify the universe of people, we need both male and
female

age and date of birth, both produce the same divisions

bank, a bank of a river, OR, a building of a financial
institution

metro station vs. subway station
minority author, black man

stream preferred to watercourse
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Guidelines for the formal language

Concepts: facets in UKC are descriptive ontologies where each concept denotes a
set of real world entities (classes) or a property of real world entities (relations
and attributes).

Look for essential concepts: a property of an entity (that we codify as a concept)
is essential (as opposite of accidental) to that entity if it must hold for it. As special

form of essence, a property is rigid if it is essential to all its instances [Guarino

and Welty, 2002].

Avoid complex concepts: e.g. “red car”.

Avoid redundancies: e.g. “nursery school” and “kindergarten” are synonyms
Avoid individuals: e.g. “United States military academy”

Pay attention to meronymy relations: while part-of is assumed to be transitive in
general, substance-of and member-of are not. Therefore, the latter two cannot be
considered as hierarchical. In fact, [Varzi, 2006] describes some of the paradoxes

that would be generated in assuming otherwise.
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- Guidelines for the natural language (I) A

® TJerms and synsets: terms are grouped into synsets. In UKC multiple languages
are accounted for by developing multiple dictionaries, i.e. by assigning either a

synset or a GAP to every concept.

o [ emmas: for the selection of terms we focus on lemmas.

® We do not accept in UKC:
® articles (e.g. the) and plural forms;
® capitalization, except for cases such as acronyms and abbreviations;
® punctuation characters and parenthesis;
® The following are instead accepted, but not recommended:
® Joan terms, i.e. terms borrowed from other languages, it widely used. For
instance, the term kindergarten in English is typically well accepted.
® transliterations, i.e. when a terms is a transcript from one alphabet to

another one.

INTRO :: DERA :: STEPS :: PRINCIPLES :: APPLICATIONS :: EXERCISES | 11/24/2015 @/
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warship).
same term can be associated to multiple concepts.

temporal or regional bias.

" Guidelines for the natural language (I

® Parts of speech: noun, adjective, adverb and verb. A lemma can be a single word

(e.g. bank), a multi-word (e.g. traffic light) or a prepositional phrase (e.g. place of
® Homographs: terms which are spelled the same, but have different meaning. The

® Glosses: in line with principle of reticence, a gloss should not convey any cultural,

)\

Primary school: a school for young children; usually the first 6 or 8 grades
Infant school: British school for children aged 5-7
Junior school: British school for children aged 7-11

NO

writing skills

subjects such as math, history and other social sciences

Primary school: a school for children where they receive the first stage of basic education
Infant school: a primary school for very young children where they learn basic reading and

Junior school: a primary school for young children where they learn basic notions of core

YES
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Back to entities

Entity Class

Attributes

Relations

Class: River

Name: Thames

Latitude: 51.50

Longitude: 0.61

Length: 346 km (long)
Part-of: UK

KVincenzo Maltese

Each of the terms above comes from a DERA ontology in KB

Thames
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English

highway

{highway, main road}

Localization [Ganbold et. al., 2014]

translation -

road transportation facility

track

synset

/

v

a major road for any form of

motor transport

/

gloss

Vincenzo Maltese

XyPAHBI 3aM

Mongolian

ra3pbIH T33BpI/If/’IH CHUCTEM

KM

{XypAHBI 3aM}
aBTO T33BPUMUH X3PITCaJI CaaAryu
30p4YUX roJ 3aM
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- Formalizing DERA into DL (I)

With the formalization, DL concepts denote either sets of entities or sets of

attribute values. DL roles denote either relations or attributes.

A DL interpretation I = <A, I> consists of the domain of interpretation
A =F U G where:

O Fis a set of individuals denoting real world entities

O @G is a set of attribute values

and of an interpretation function I where:

1

E/CF RjIEFXF AklgFXG VrIEG

Vincenzo Maltese | INTRO :: DERA :: STEPS :: PRINCIPLES :: APPLICATIONS :: EXERCISES | 11/24/2015 @/




/

E,...,E
R,,...,R
Ay A,

value-of

any other relation
€ yeeey €
Viseees V.,
oo cog e
Qqyeeey A

instance-of

entity classes

relations between classes
Attributes

hierarchical relation
hierarchical relation
hierarchical relation
associative relations
entities instances
attribute values

relations between entities
attributes of entities

hierarchical relation

Formalizing DERA into DL (ll)
Object DL lormalinion |

Concepts

Roles

Roles

role restrictions
subsumption (E)

Roles

Roles

individuals in F (entities)
individuals in G (values)
role assertions

role assertions

concept assertions

Vincenzo Maltese
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Advantages of DERA

e DERA facets have eXpliCit semantics and are modeled as descriptive

ontologies

* DERA facets inherits all the important properties of the faceted

approach, such as robustness and scalability

e DERA allows for automated reasoning via the formalization into

Description Logics ontologies. In particular, DERA allows for a very

expressive search by any entity property

Vincenzo Maltese
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° Knowledge 1s extracted from GeoNames and the
Getty Thesaurus of Geographic Names

* Terms are collected, categorized into classes,
entities, relations and attributes, and synsets are
generated

* Synsets are mapped to and integrated with WordNet
L Synsets are analyzed and arranged into facets

¢ Terms are standardized and ordered

Entity classes (E) 845

Entities (e) 6,907,417
Relations (R) 70
Attributes (A) 31

The space ontology (siunchigiaetal., 20121

Landform
Natural depression
Oceanic depression
Oceanic valley
Oceanic trough
Continental depression
Trough
Valley
Natural elevation
Oceanic elevation
Seamount
Submarine hill
Continental elevation
Hill
Mountain

Body of water
Flowing body of water
Stream
River
Brook
Stagnant body of water
Lake
Pond
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° Knowledge 1s extracted from the geographical dataset of
the Province of Trento

® The faceted ontology was built in English and Italian
* Usage of the ontology

e The ontology 1s used in combination with S-Match
within the search component of the geo—catalogue to
improve search

® The evaluation shows that at the price of'a drop in
precision of 0.16% we double recall

Objects

Facets 5
Entity classes (E) 39
Entities (e) 20,162
part-of relations 20,161

Alternative names 7,929

4 .
The semantic-geo catalogue rrarazietal, 2012

Body of water
Lake
Group of lakes
Stream
River

Rivulet

Spring
Waterfall
Cascade
Canal

Natural elevation
Highland
Hill
Mountain
Mountain range

Peak

Chain of peaks
Glacier

Natural depression
Valley
Mountain pass
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http://www.territorio.provincia.tn.it/portal/server.pt?open=512&objID=862&PageID=32157&mode=2&in_hi_userid=18720&cached=true
http://www.territorio.provincia.tn.it/portal/server.pt?open=512&objID=862&PageID=32157&mode=2&in_hi_userid=18720&cached=true
http://www.territorio.provincia.tn.it/portal/server.pt?open=512&objID=862&PageID=32157&mode=2&in_hi_userid=18720&cached=true

e

1.

2. Take one domain of your choice, identify the entity types which are

Exercises

Analyse the following terms:

- (geography) river, lake, salt lake, depth

- (business) organization, company, business

- (literature) newspaper, newsletter, book, archive, author, publisher, format, frequency

relevant and define corresponding terminology using DERA (concentrate

on a few classes, relations and attributes).
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