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LOD - The logic of Descriptions

- TBoxes and terminologies
- LOD theories
- Unfolding

Reasoning
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LOD - TBox (definition)

Definition (TBox) A TBox Is a finite set of concept inclusions, i.e. a
finite set of expressions of the type

CED
where Cis a concept (an etype) and D is an atomic formula.

(132)

Observation 1: “T” in “"TBox stands for “Term”
Observation 2: TBox is a theory, according to our earlier terminology
Observation 3. A LOD theory is a set of constraints on the domain structure

Observation 4: In general Cis allowed to be an atomic formula. Our constraint is
motivated by our interest in modeling language (definitions and descriptions).
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LOD - acyclic TBox (definition)

Definition (Acyclic TBox). A TBox is acyclic if it satisfies the
following properties:

1. any concept can appear at most once on the left side of a
definition
2. It is acyclic (there are no definition cycles)

Observation 1: the simplest case of cycle is the subsumption
CCEC

Observation 2: Acyclicity is crucial in the definition of concepts and
In the description of their properties (as etypes).
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LOD - Terminology (definition)

Definition (Definitional TBox, Terminology ) A TBox Is
definitional (it is a terminology) if it satisfies the following
properties:

1. Itis acyclic

2. It contains only concept equivalences

Observation: A concept inclusion A E C can always be transformed
In a definition A = C 1M A with a suitable A,
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LOD Terminology (example)

Family relations

« Person = 3hasname.String N YHasJob.Organization
- WWoman = Person rn Female

- Man = Person N — Woman

- Mother = Woman 1 3hasChild.Person

- Father = Man n 3hasChild.Person

- Parent = Father u Mother
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LOD - The logic of Descriptions

- TBoxes and terminologies
- LOD theories
- Unfolding

Reasoning
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LOD theories

- Lexicons

- Lexical teleontologies

- Knowledge teleontologies
- Teleologies

Example



Lexicons are informal hierarchies which encode
natural language(s) via Genus-Differentia: an
ISA hierarchy of synsets.

Sense? One of the many concepts denoted by a
polysemous word (e.g., car stands for
automobile and railway car).

Synsets? sets of synonyms, e.g., words having
same or similar meaning for the same sense
(e.g., car, automobile)

Genus? set of properties which define the scope
of a sense, e.g., musical instrument (G) for
stringed instrument.

Differentia? Set of properties which qualify /
differentiate senses with the same genus, e.g.,
Taut String (D) for Stringed Instrument.
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Natural language Lexicon

S(n): Entity

IS-A

IS-A
s PART-OF
S(n): Musician
G: Performer dablal
D: Plays Musical Instrument

S(n): Orchestra

G: Musical Organization <
D: Composed of Instrumentalists

IS-A

rartoF | S(n): Musical Instrument

""" G: Device
D: Sound Producing Mechanism

[S-A IS-A

S(n): Keyboard Instrument

G: Musical Instrument
0: Keyhoard

S(n): Stringed Instrument
G: Musical Instrument

D: Taut String

S(n): Wind Instrument

G: Musical Instrument
D: Embouchure
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Natural language Lexicon (continued) |

The IS-A hierarchy semantically models
superclass - subclass relations between

senses based on genus-differentia
Each sense is identified via a unigue
identifier named GID, e.g., 588967 for
Musician (not visible to user)

$(n): Entity

Each word is (implicitly) defined via a S(n): Musician PRTF 1 §(n): Orchestra paRroF | S(n): Musical Instrument
. . r- : . : : G: Performer == G: Musical Qrganization ~ [® == ="=5 G: Device
unlversal quantlflcatlon over Its dlﬁerentla’ D: Plays Musical Instrument D: Composed of Instrumentalists D: Sound Producing Mechanism

e.g., Stringed Instrument’s differentia with

respect to Musical instrument is IS4 154 (!
vD.TautStrings.

_ _ _ _ S(n): Keyboard Instrument | | S(n): Stringed Instrument | | S(n): Wind Instrument
Lexicons are built by adherin g to qu al |ty G: Musical Instrument G: Musical Instrument G: Musical Instrument
DrinCipleS for mOde”ing, e_g., hOW to D: Keyboard D: Taut String D: Embouchure

differentiate a node into children nodes, etc.
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In addition to the I1S-A hierarchy, lexicons are also
organized according to a PART-OF hierarchy. .
S(n): Entity
All concepts have parts. For any part there is a
“bigger” whole which somehow “contains” it. For S &
instance Musicians and Musical Instruments are 54
part-of Orchestras. Musicians have parts, Musicians
have parts, ..., and so on, down to materials.
Part-of links model the part-whole relation which
exists between a whole (the Unity) and possibly S(n): Musician | ™ | S{n): Orchestra prrof | S(n): Musical Instrument
multiple diverse parts. G: Performer == =P GMusical Organization € = = = = 7 G: Device
D: Plays Musical Instrument D: Composed of Instrumentalists D: Sound Producing Mechanism
The whole defines the spatial context within whose i ¥ A
boundaries the EG is built.
The PART-OF hierarchy defines the relevant $(n): Keyboard Instrument | | S(n): Stringed Instrument | [ S(n): Wind Instrument
component parts of the whole, namely those which 6: Musica Instument 6:Musical nstumert 6: Musical nstument
will ultimately be considered in an ETG/EG (as, e.g. - Keyoard 2 T oy hikbriick

selected in ER/EER models)
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The I1S-A and PART-OF hierarchies are independent
orthogonal hierarchies ,
S(n): Entity
The PART-OF hierarchy models containment. Space
containment with objects, Time containment with events. 1S4 1S4
54
The IS-A hierarchy models the behavior of entities, that
IS how objects specialize in their properties (i.e., their
functions and actions).
Entity (=anything), the top concept of the IS-A has no §(n): Musician PARTOE 1 §(n): Orchestra PaRT0F | S(n): Musical Instrument
properties and no parts. But it is PART-OF everything. 6: Performer === GMusial Organiation  [€% === 7 G: Devie
D: Plays Musical Instrument D: Composed of Instrumentalists D: Sound Producing Mechanism
Everything, the top concept of the PART-OF hierarchy 54 - A
contains all parts and therefore has all properties.
If PART-OF(part, whole) then $(n): Keyboard Instrument | [ S(n): Stringed Instrument { | S(n): Wind Instrument
Property(part, P) = Part-Property (whole,P) G: Musical Instrument G: Musical Instrument G: Musical Instrument
0: Keyhoard D: Taut String 0: Embouchure

The IS-A and PART-OF hierarchies form a lattice.
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Natural language Lexicon — example (WordNet - Koto)

+« 3: (n) koto (Japanese stringed instrument that resembles a zither; has a rectangular
wooden sounding board and usually 13 silk strings that are plucked with the fingers)
o direct hypernym / inherited hypernym / sister term
« S: (n) stringed instrument (a musical instrument in which taut strings
provide the source of sound)
« 3. (n) musical instrument, instrument (any of various devices or
contrivances that can be used to produce musical tones or sounds)
* S: (n) device (an instrumentality invented for a particular
purpose) "the device is small enough to wear on your wrist";
"a device intended to conserve water"
= 3: (n) instrumentality, instrumentation (an artifact (or
system of artifacts) that is instrumental in accomplishing
some end)
« S: (n) artifact, artefact (a man-made object taken
as a whole)

» 3: (n) whole, unit (an assemblage of parts
that is regarded as a single entity) "how big
is that part compared to the whole?"; "the
team is a unit"

and visible entity; an entity that can
cast a shadow) "it was full of rackets,
balls and other objects”
» S: (n) physical entity (an entity
that has physical existence)

« S: (n) entity (that which is
perceived or known or
inferred to have its own
distinct existence (living or
nonliving))

On the left hand side is the WordNet
lexical hierarchy generalizing the
concept for Koto. See Princeton WordNet

S(n) indicates a synset associated to a
word (here Koto) (one of the possibly
many) of synonymous nouns. Here Koto
has no synonyms

Hyponym/ Hypernym indicate subclass and
superclass IS-A relationship

Meronym indicates the part-of relation.

Each synset is described by a gloss (an
definition, most of the time incomplete,
provided informally) and an example
(between quotes in the figure on the left).


http://wordnetweb.princeton.edu/perl/webwn
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Domain Lexicon -

GID: 101

Domain Lexicons (XML name spaces) are informal S 54
hierarchies which encode domain language(s) o

They extend natural language lexicons with
domain-specific terminology. They are therefore

language aware. PART.OF
guag o S(n): Musician | __ . p|  S(n): Orchestra _PﬁRT_'Oi_S(n): Musical Instrument
; ) GID: 588967 GID: 56672 GID: 566785
Words in domain languages follow the same rules
as those in natural languages with one exception: 154 4 54
they are NOT polysemous, i.e., they have only one
sense. . .
- §(n): Keyboard Instrument | | S(n): Stringed Instrument | | S(n): Wind Instrument
GID:5667853 GID:5667855 GID:5667857

Each word has a prefix, e.g., mi: (e.g., for musical

instruments) to indicate the domain language/ 54 54 l‘ ‘\m

name space to which the words is associated.

mi:Guitarist
As with lexicons, each sense is identified via a I 568967622 mi:Koto
unigue identifier named GID, e.g., 5667853 for GID:667853

mi:Koto, denoting the single sense of that word.

mi:Guitar mi:Dulcimer
GID:5667855 GID:5667857
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LOD Lexicon formalization (IS-A Hierarchy)

Label = Genus M Differentia
As from the example above on musical instruments:
- Keyboardinstr = Musicallnstr

IdmeansOfSoundProduction.Keyboard I
vYmeansOfSoundProduction.Keyboard ...

- Keyboadlnstr E — StringedInstr
- Keyboadinstr & — WindlInstr
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LOD - Lexicon formalization (IS-A Hierarchy ) (cont)

v

Observation 1: only one etype: concept (etype concept and not dtype string
as we need to define object properties)

Observation 2: The label appears only once In the left of a definition and on
the right of all its children

Observation 3: In a definition only conjuncts (as many as needed), where
each conjunct consists only of exists and forall quantification

Observation 4: The subsumption relation holds between a label and its
genus. For instance

Keyboardinstr E Musicallnstr

Observation 5: A formalized lexicon is a subsumption hierarchy
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V"LOD Lexicon formalization (IS-A Hierarchy ) (cont) '

Observation 6: For each definition as many pairwise disjointness constraints as there are
siblings. For instance (the left hand side is a complex assertion)

Keyboadlnstr M Stringedinstr = L
Observation 7: Disjointness constraints can be formalized in two ways (check yourself in
Venn Diagram)

KeyboadInstr E — StringedInstr

StringedInstr E — KeyboadInstr
In this formulation, the left hand side is a concept and not a complex assertion
Observation 8: Negation applies only to assertions

Observation 9: The relation between Genus and differentia could also be stated as
Genus = Labelln Label2 M ... M UnknownLabel

with UnknownLabel optional and defined as
UnknownLabel = Genus M UnknownDifferentia

Observation 10: The IS-A hierarchy of a formalized lexicon is a terminology
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LOD Lexicon formalization (part-of hlerarchy)

Part-of(part, whole)
with inverse relation

Whole-of(label2,labell)
pservation 1: A hierarchy but with no property inheritance

O
Observation 2: Whole defines the physical (space) boundaries within
which the parts are located

Observation 3: Whole provides reference coordinate system, parts
provide functionalities

Observation 4: Part-of hierarchy formalized mucs less frequently
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LOD - Protégé (General Example)

Left: concept IS-A hierarchy

. . . 7 @ owl: Thing
* owl:Thing (predefined root) oSty GO
. . e . 7 0 §(n):Musicallnstrument_GID-566785
Right: concept property speC|f|cat|on S Windnstrument GD-5667857
7 0§(n):Stringednstrument_GID-5667855
* Class name (Class) mi:Dulcimer_GID-5667857
. mi:Guitar GID-5667855
* |S-A hierarchy dependency il SDSETE
(SubClassOf) §{n):Keyboardinstrument_GID-5667653
] . ] §(n):Orchestra_GID-36672
* Data property with its codomain » S| Musican_GID-508967
(Domain) mi:Guitarist_ GID-588967822
* How and in which language a
concept is named (rdfs:label)
o

some ~ keyword for existential
guantification.

Asserted ~ show: wthis ¥ disjoints ¥ named sub/superclasses

Found 9 uses of 'S(n):Musician_GID-588967
? “mi:Guitarist_GID-588967822
mi:Gutarist_GID-588967822 SubClassOf 'S(n):Musician_GID-588967"

? “8(n):Musician_GID-588967
S(n):Musician_GID-588967' SubClassOf PartOf some 'S(n):Orchestra_GID-56672
S(n):Musician_GID-588967 SubClassOf 'S(n):Entity_GID-101
*S{n):Musician_GID-588967' rffs:label "S(n):Musician_GID-588967" @en
'S(n):Musician_GID-588967

Equivalen! To

SubClass Of
'S(n):Entity_GID-101'
PartOf some 'S(n):Orchestra_GID-56672



LOD — Lexicon example (Protégé)

The snippet on the right side shows the domain
lexicon formalized via the Protégé ontology
editor.

You can see the entire class hierarchy starting
from Entity downwards depicting the concepts
with their unique GIDs.

Notice mi:Koto, mi:Guitar etc, belong to domain
lexicon and not natural language lexicon.

You can also see (partial) visualization of LOD
formalization of the example domain lexicon, e.g.,

Musician is - PartOf - (some) Orchestra

Observation: Formalization language: OWL/
RDF
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Asserted ~ show: wthis ¥ disjoints ¥ named sub/superclasses

7 @ owl: Thing
7 0 §(n):Entity_GID-101
7 0 §(n):Musicallnstrument_GID-566785
§(n):Windnstrument_GID-5667857
7 0§(n):Stringednstrument_GID-5667855
mi:Dulcimer_GID-5667857
mi:Guitar_GID-3667855
mi:Koto_GID-5667853
§(n):Keyboardinstrument_GID-5667853
§(n):Orchestra_GID-36672
¢ 0 8{n):Musician_GID-588967
mi:Guitarist_GID-568967622

Found 9 uses of 'S(n):Musician_GID-588967
? “mi:Guitarist_GID-588967822
mi:Gutarist_GID-588967822 SubClassOf 'S(n):Musician_GID-588967"

? “8(n):Musician_GID-588967
S(n):Musician_GID-588967' SubClassOf PartOf some 'S(n):Orchestra_GID-56672
S(n):Musician_GID-588967 SubClassOf 'S(n):Entity_GID-101
*S{n):Musician_GID-588967' rffs:label "S(n):Musician_GID-588967" @en
'S(n):Musician_GID-588967

Equivalen! To

SubClass Of
'S(n):Entity_GID-101'
PartOf some 'S(n):Orchestra_GID-56672
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LOD theories

| exicons

- Lexical teleontologies
- Knowledge teleontologies
- Teleologies

Example

21



Lexical Teleontology

Lexical Teleontologies are specialized lexicons which focus
on a purpose-specific (application dependent) part of a
lexicon.

Lexical teleontologies are obtained from lexicons by:

® Identifying the root concept, as from the purpose. This is
a whole defining the reference space or time
containment

® Keeping the relevant concepts among those which are
part-of the root in the PART-OF hierarchy

® Keeping the relevant concepts which specialize, via the
IS-A and PART-OF hierarchies, the concepts from
previous step

® Keeping the part-of relations as needed
® Dropping irrelevant concepts (below/ above the whole)

® Substituting the root concept with most specific concept
In the 1S-A hierarchy which subsumes all the parts (e.g.,
from Orchestra to Object

Dipartimento di Ingegneria e Scienza dell'iInformazione

mi:Guitarist
G: 588967822

xsd:String
GID:48765

uonelywsey:w

xsd:String
GID:48765

|
S(n): Object
G: 1011
184 / \IS-A
mi:Guitar
GID:5667855
5A 1A
mi:AcousticGuitar mi:ElectricGuitar
GID:56678551 GID:566784557
S
>
¢
g

xsd:String xsd:String
GID:48765 GID:48765
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LOD - Lexical teleontology formalization

A lexical teleontology Is obtained from a formalized lexicon

according to the process described in the previous slide, that
IS:

« Eliminate the irrelevant concepts
« Define the root concept

 Add Iin the metadata information about the whole being
formalized.
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LOD - Lexical teleontology Example (Protégé)

The snippet on the right side shows the lexical
teleontology formalized via the Protégé ontology
editor.

. _ _ Rssered ™ Sho: tis ¥ ijoints & named sublsuperciasses
You can see the entire class hierarchy starting oiTig Ve

from Object downwards depicting the lexical 05 bt G-

teleontlogy concepts, with their unique GIDS. | e ancmn i MEGGLSMAN

Irrelevant concepts such as Koto, Dulcimer, etc. r}]i'EIeciricGuitar OD-566TR55T Em!.E:eclr!cgu!lar_g:g-:gg;gj::; Sdl;bflssf Ofr;l.Glu llaé'(f'D.é?g]sB::md%]@
imi ! - miElectreGutar_GID- s aoel "miElectricGutar_GID- Ben

have been eliminated. nikousicGuar GIDSHRTSS : :

You can see (partially) data properties, e.g., =~ 'Mouanst GO "nitasBrand

ElectricGuitar - mi:hasBrand - String " ifasBrand Domai i ElectieGutar GID-S06784557

You can also see (partially) visualization of LOD
formalization of lexical teleontology,

e.g., Electric Guitar is: SubClassOf Guitar.
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LOD theories

| exicons

- Lexical teleontologies
- Knowledge teleontologies
- Teleologies

Example
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Knowledge teleontology

Knowledge Teleontologies extend lexical teleontologies by

« Adding new additional concepts (as etypes) and dtypes as needed by the application

« For each new or already existing etype, add new object and data properties which
describe the specific aspects which are relevant to the selected context (the whole and
parts selected in the lexical teleontology)

Observation 1: lexical teleontologies/ lexicons define linguistic concepts modeling the
elements of the world.

Observation 2. Knowledge teleontologies describe knowledge concepts by providing
relevant local description properties

Observation 3: Knowledge teleontologies “are” formalized EER models

Terminology: We drop the attribute lexical/ knowledge when the context makes clear the
meaning
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Knowledge teleontology (example

xsd:String

Object S
GID: 1011 2 GID:48765
xsd:String S
GID:48765 R / \iS_A
‘ mi:playsGuitar : =
GID:5667855 xsd:String
GID: 588967822
xsd:String GID:48765
GID:48765 2 _
'1ganiIsey:iw IS-A IS-A
mi:AcousticGuitar mi:ElectricGuitar

GID:56678551 GID:566784557

uonel|ysey:w

xsd:String
GID:48765

xsd:String
GID:48765

xsd:String
GID:48765

xsd:String
GID:48765

xsd:String
GID:48765

27
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LOD - teleontology formalization

Lexical teleontology: Definition from the above example of musical instruments

ElectricGuitar = Guitar mvhasSoundAmplification.withlnputJack
Plus disjointness axioms

e ElectricGuitar © — AcousticGuitar
* ... more disjointness axioms

Knowledge Teleontology: Description of the concept define in a lexical ontology:

ElectricGuitar#1 = ElectricGuitar n3hasColour.String n3hasBrand.String
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LOD - teleontology formalization (cont)

Observation 1: ElectricGuitar#1 = ElectricGuitar

Observation 2: A description is a definition enriched with data properties (only
conjuncts)

Observation 3: A description (like a definition)contains only conjuncts

Observation 4: The same definition can be associated multiple diverse
descriptions

Observation 5: when building a description constraints (e.g., no disjointness
constraints) on the selected properties used only if needed as part of the
description

Observation 6: no changes to the PART-OF hierarchy (additional etypes are only
specializations generalizations based on properties)
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Te I e o n t O I o gy - Exa m p I e Asserted |/ show: ¥this # disjoints ¥ named sub/superclasses
7 ® owl: Thing Found 15 uses of mi:Guitarist_GID-588967622
The snippets on the right hand side shows the 'S0 GD-0M t R A
knowledge teleontology formalized via the mi:Gutarist_GID-366967622 " mi:Guitarist_GID-588967822 rdfs:label"mi: Guitarist_GID-588967822
Protéaé ontol dit # - © mi:Guitar_GID-3667855 mi:Guitarist_GID-588967822 SubClassOf 'S(n):Object GID-1011'
rotege ontology editor. mi:AcousticGuitar_GID-56678551 mi-Guitarist GID-588967822

We add object properties (e.g., playsGuitar) miElectricGuitar_GID-S66704557

and additional data properties (e.g.,
hasIMDBId) here.
» "mizhasGenre

You can see some (partial) visualization of LOD * i hasGenre Domain miGultarist_GID-588967622
formalization for, e.g.,

» ™ mi:hasAffiliation
“mi-hasAffiiation Domain miGuitarist_GID-588967822

? ™mi:hasIMDBid

e.g., mi:Guitarist - mi:PlaysGuitar - mi:Guitar is *nihasIVDBid Domain i Gutarist_GID-568967622
an object property-based assertion which _
indicates that a guitarist plays a guitar. I, mihashame

“mi-hasName Domain mi:Guitarist_GID-588967822
mi:Guitarist - mi:hasIMDBId - xsd:String is a
data property-based assertion which indicates +miPlaysGuiar
s . *mi:PlaysGuitar Domain mi:Guitarist_GID-588967622
that a guitarist has an IMDB id encoded as a

string.
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LOD theories

- Lexicons

- Lexical teleontologies

- Knowledge teleontologies
- Teleologies

Example
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Teleology / ETG

Teleologies are flattened teleontologies.

Flattening Process:

- Starting from the root, each concept is defined in terms of the concept
one level above in the hierarchy

- Remove the dependence from the more general concept by expanding
the definition

- Iterate the process till the leaf nodes

Observation 1: Teleologies are formalizations of ER models
Observation 2: Teleologies are formalisations of ETGs



Teleology
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xsd:String
GID:48765

xsd:String
GID:48765

xsd:String
GID:48765

mi:hasColour

xsd:String
GID:48765

P

xsd:String

mi:Guitarist

G: 588967822

GID:48765

Plgawisey:iw

54
Y
&
o
&

xsd:String
G1D:48765

uonel|yysey:iw

xsd:String
GID:48765

mi:Guitar
GID:5667855
xsd:String
GID:48765
> mi:ElectricGuitar
GID:566784557 S-S

GID:48765

xsd:String
GID:48765

xsd:String
GID:48765

mi:AcousticGuitar
GID:56678551

xsd:String
GID:48765

xsd:String
G1D:48765

xsd:String
GID:48765
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LOD - Teleology formalization

ISA-Hierarchy: From the above example of musical instruments teleontology

ElectricGuitar#1 C ElectricGuitar m3hasColour.String M3hasBrand.String
-- [description = definition enriched with data properties]
AcousticGuitar#1 = AcousticGuitar MahasMaterial.String N3hasModel.String
-- [description = definition enriched with data properties]
Guitarist (leaf in teleology) =
Musician (implicit in teleology) N3hasName.String nM3ahasAffiliation.String

PART-OF-Hierarchy: From the above example of musical instruments teleontology



Teleology - Example

The snippet on the right hand side shows (partially) the
teleology formalized via the Protégé ontology editor.

Notice that the class hierarchy is completely flattened,
l.e., there are no IS-A links asserting superclass-
subclass subsumption relationships.

You can see some (partial) visualization of LOD
formalization for, e.q.,

e.g., mi:AcousticGuitar - mi:hasColour - xsd:String is a
data property-based assertion which indicates that an
acoustic guitar has a color which is encoded as a String.

e.g., mi:AcousticGuitar - mi:hasModel - xsd:String is a
data property-based assertion which indicates that an
acoustic guitar is of a specific model spcification
encoded as a String.
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Show;  this ¥ disjoints ¥ named sub/superclasses

A 0 ihoutiitr GLS678E
¢ 0 owlThing " miAcoustioGutar GID-36678551 rfs el "miAcoustc
miGutar_GID-5667853 miAcousficGutar GID-56678351
i Guitarst GID-584967622

milectricGutar GID-566784557 ¢ " mizhasColour
miAcousticGuitar GID-56678551 “mihasColour Domain mi:AcoustoGuitar GID-5667895

t " mi:hasaterial
i hasMaterial Domain miAcoustiGutar_GID-5667855

 "michasodel
i hasModel Domain miAcousficGutar_GID-58678551
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LOD theories

- Lexicons

- Lexical teleontologies

- Knowledge teleontologies
- Teleologies

Example
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EER diagram of Open Street Maps data

Trentino_place \

gid: int
osm id: int
name: string
fclass: string
code: string
coordinates: string P

point_of_interest on
city: string near [ transport | on I

street: string < .

A

bridge: string
layer: int
unnel: string

\ 4

bus_station bus_stop railway_halt \(railway_staﬂoﬂ

Ci‘Yi f""t'g zone id: int zoneid: int city: string
:;‘?@:Jf’gﬂng stop code: string ng code: string :::::;b z:;nr;s:mg 0.1 road
: iption: stri top description: strin : . A
opics: string op dasofiption: sifing i it o opics: string _ | bridge: string
1 layer: int
library permarke % .| tunnel: string
near point_bus_station _bus._: point_railway_halt point_railway_station | maxspeed: int
oneway: string

Golnt_baﬂ @Im_caa ﬁolnt_restauram Goint_librarh ﬁint_supermarka
S S T & W I\ '\ 5,

on

>l natural | on

ﬁ% . Eery_sma“-wﬂ Eath_unsuitable_for_carﬂ (
peak spnng\ ( e W / mlnor_road_residenmj
o) [orideway)

T
{ { \
A (e (Fm) b

. ] T =




UNIVERSITY
OF TRENTO - ltaly

Dipartimento di Ingegneria e Scienza dell’informazione

Teleontology of Open Street Maps data

Know D

dive ?} F

peak_GID-10005 RIMI=Ex W Annotations: point_peak_GID-10005
Asserted

e | @+ || XX
@ owl:Thing
) Trentino_place_GID-10043
@ natural_GID-10044
) peak _GID-46388
S
) spring_GID-50318
) point_spring_GID-10009
' tree_GID-69557
) point_tree_GID-10011
@) point_of_interest_GID-10045
@ catering_GID-10046
¢ bar_GID-14950
@) point_bar_GID-10000
" cafe_GID-15804
) point_cafe_GID-10003
) restaurant_GID-22500
) point_restaurant_GID-10008
) public_GID-10047
' library_GID-20054
@' point_library_GID-10004
) shopping_GID-387
" supermarket_GID-24168
) point_supermarket_GID-10010

Annotations
rdfs:label
point_peak_GID-10005

[language: en]

Equivalent To

SubClass Of

" peak_GID-46388

Ceneral class axioms

SubClass Of (Anonymous Ancestor)

¢ near_GID-84218 some point_of_interest_GID-10045
{ ' near_GID-84218 some natural_GID-10044

¢ ' near_GID-84218 some transport_GID-10053

¢ on_GID-10031 some railway_GID-10048

¢ on_GID-10031 some road_GID-22592

Object property hierarchy:
Tem | &= |- 5

= owl:topObjectProperty
B near_GID-84218
B on_GID-10031

Description: point_peak_GID-10005 Data properties Annotation properties

es  Object properties
Data property hierarchy: 2= =[x
g A8 [ Asserted <

B owl:topDataProperty
"= bridge_GID-15577
=ity GID-45969|
B code_GID-35741
B coordinates_GID-10027
== fclass_GID-10026
s gid_GID-10024
= layer_GID-33577
N maxspeed_GID-10030
BN name_GID-2
% oneway_GID-10029
B osm_id_GID-10025
= ref_GID-10028

BN stop code_GID-10037
B ctan dacerintian CID_10020
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Teleology of Open Street Maps data

Dam_yp“ | Individuals = ©® pointfbar:ClD—IOOOO http:/ /www.semanticweb.org/lix Data properties |
gah pttperlie[s | Annotation properties | Annotations | Usage | - Clannna | Object properties
asses : =
Ohject propertise Annotations: point_bar_GID-10000 Object property hlerarc M EEE
Class hierarchy: point_ba [# [ = = X —— s l = = -
. — nnotations - Asserte c
.': ‘ :* = Asserted at rdfs:label [language: en] : '
= owl:topObjectPrope
owl:Thing point_bar_GID-10000 “
@ bridleway_GID-10017 o LAt e L l

) cycleway GID-10018 B on_GID-10031

" footway_GID-10019

© funicular_GID-15798

: ::;ll:‘:r.j:::j;ecslzl-e:l(t)iglz}:lb-IOOZI { near_GID-84218 some point_bus_stop_GID-10002

@) narrow_gauge_GID-10023 ¢ near_GID-84218 some point_cafe_GID-10003

@ path_GID-10022 @ near_GID-84218 some point_library_GID-10004 Data propertiee : ‘
: ‘;oi’(ac @ near_GID-84218 some point_peak_GID-10005 QS,_SQS l Obj properties

@ point_bus_station_GID-10001 ¢ near_GID-84218 some point_railway_halt_GID-10006
¢ point_bus_stop_GID-10002 ) near_GID-84218 some point_railway_station_GID-10007 21 I =i 1 pxg | Asserted ¢
: :::::—fif;-:'z;;?foogm ¢ near_GID-84218 some point_restaurant_GID-10008 == owl:topDataProperty

e polnt:peak_EID-IOOOS ¢ near_GID-84218 some point_spring_GID-10009 = topics_GID-10034

¢ point_railway_halt_GID-10006 ¢ ' near_GID-84218 some point_supermarket_GID-10010 W stop description_GID-10039
: W:“:—'a“t‘:ay-s?g"’gzgzgalaoo‘" @) near_GID-84218 some point_tree_GID-10011 W zone id_GID-10042

S :l:t:;:sﬂn:}':ﬁ— 10009 ¢ on_GID~-10031 some bridleway_GID-10017 =

2 po?nt_supe(markgt?clo-loOIO {on_GID-10031 some cycleway GID-10018 = stop code_GID-10037 39

“




Dipartimento di Ingegneria e Scienza dell'iInformazione

LOD - The logic of Descriptions

- TBoxes and terminologies
- LOD theories
- Unfolding

Reasoning
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[nfolding a Concept (notion)

Definition (Definiendum, definiens): The left hand side of a definition A = C (that is, A) is called
definiendum, the right hand side (that is, C) is called the definiens.

Definition (Defined and primitive concept): Given a TBox, a defined concept is a concept
which appears on the left of a definition of the TBox. A primitive concept is a concept which only
appears on the right of the definitions.

Definition (Concept unfolding) A defined concept is unfolded if all the defined concepts
occurring in its definiens are substituted with their definition.
Observation (unfolded concept): The definition of an unfolded concept contains only primitive
concepts
Example. From:

ElectricGuitar = Guitar M YhasSoundAmplification.withinputJack

ElectricGuitar#1 = ElectricGuitar N 3hasColour.String N 3hasBrand.String

To:
ElectricGuitar#1 = Guitar N YhasSoundAmplification.withinputJack rm 3hasColour.String rm 3hasBrand.String

Remark: In an acyclic terminology the process of concept unfolding can be applied recursively up
to any level, with the possibility to primitive concepts (etypes).
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[Unfoldlng a TBox (notion)

Observation (Defined and primitive concept): We restrict to the
case where a defined concept appears once on the left or a
definition. Defined and primitive concepts can appear on the right
of definitions any number of times.

Definition (TBox unfolding). A definitional TBox T can be
unfolded into a Thox T' by (recursively) unfolding all its defined
concepts.

Theorem: Let T be a terminology . Let T’ the result of unfolding T.
Then M is a model of T if and only if it is a model of T'.



,€ . . . . . H i
o=t UNIVERSITY Dipartimento di Ingegneria e Scienza dell’informazione P

S OF TRENTO - Italy AL

Complexity of unfolding

TBox definitions are like macros that can be expanded into primitive concepts

The size of the unfolded TBox grows exponentially with the depth of the TBox
Induced subsumption hierarchy. For instance, from

A2 = 3A3M VA3
A1 = 3A2MN VA2
AO = 3A1nN VAl
We obtain
A1 =3(3A3n YA3)n V(3A3MN VA3) (2 times)

A0 = 3(3(3A3N YA3)N V(3IA3N VYA3))n V(3(3A3N VA3)N V(IA3M VYA3)) (4 times)

‘
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TBox to unfold (example 1 (reprise))

= Hesdob Oroonization

Woman = Person I Female
e Man = Person M — Woman
 Mother = Woman n 3hasChild.Person
 Father = Man n 3hasChild.Person
 Parent = Father u Mother

Observation 1: The deletion of the first definition makes Person a primitive
concept. The choice of the primitive terms is up to the modeler

Observation 2: definition of Man not minimalistic (Woman instead of Female)
Observation 3: definition of Parent redundant (IsParent = HasChild)

44
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) 4

Woman = Person 1 Female
Man = Person 1 —(Person 1 Female)
Mother = (Person T Female) I 3hasChild . Person
Father = (Person 1 —(Person 1 Female)) M 3hasChild . Person
Parent = (Person T —(Person 1 Female))r
JhasChild.Person U ( Person I Female) I 3hasChild . Person

%

Observation: Unfolding generates disjunctions. In fact (check Venn

Diagram
—(AnN B)=—ALUL—B

45
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TBox to unfold (example 2 (example 1 revised))

Woman = Person N Female
Man = Person M — Female
Mother = Woman n 3HasChild.Person
Father = Man i 3HasChild.Person
D L = HaocChild
Observation 1: The dependence of Man on Woman has been eliminated

Observation 2: Parent has been formalized for what it is, that is the inverse
relation of HasChild (IsParent = HasChild)

Observation 3: The TBox has now become a teleontology 46
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TBox unfolded (example 2)

Woman = Person M Female

Man = Person N — Female
Mother = Person Female N 3IHasChild.Person
Father = Person N — Female n 3IHasChild.Person

47
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TBox unfolded (example 2 (cont))
Observation 1: The flattened TBox contains only conjuncts, no disjuncts

Observation 2: Female = 3Female.T means that there are no
restrictions on the codomain of Female

Observation 3: — Female = YFemale.L means that there are no
females (coherently with the definition of Man)

Observation 4: The flattened TBox Is a teleology constructed by
flattening a teleontology (no dijuncts generated as negation applied only
to atomic assertions)

Theorem: The unfolding of a teleontology always results into a teleology
where definitions contain only coniunctions
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TBox to unfold (example 3 (reprise))

+ Updergraduate ——Toach

* Bachelor = Student N Undergraduate
 Master = Student N— Undergraduate
« PhD = Master N Research

* Assistant = PhD m Teach

Observation 1: T

@)

pservation 2: T
pservation 3: T

ne inclusion is more a description rather than a definition
ne TBox resulting from the deletion is a teleontology
ne TBox has now become a lexical teleontology

49
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TBox unfolded (example 3 (cont))

* Bachelor = Student N Undergraduate

 Master = Student N— Undergraduate

 PhD = Student N— Undergraduate M Research

» Assistant = Student N— Undergraduate M Research
N Teach

Observation: The inclusion
Undergraduate = — Teach
was not needed as Teach applies only to students who are not undergraduate

50
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Complexity of unfolding of a teleontology

Teleontologies are like macros that can be expanded into teleologies

The size of the unfolded definition grows polinomially with the depth of the
teleontology. For instance, from

L2 =G2 1 D2
L1=L2 nD1
LO=L1n DO
we obtain
L1= G2n D2 nD1 (times 2+1 Differentia)

LO0= G2n D2 mD1n DO (times 2 +2 Differentia)

Observation 1: The number of paths grows exponentialy with the number of
childrens for the same node

Observation 2: The growth is local to the subtree and not global
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LOD - The logic of Descriptions

- TBoxes and terminologies
- LOD theories
- Unfolding

Reasoning
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Entallment (reprise)
Definition (Entailment |=)

1. M|=wlEw2 iff (wl) € |(w2)
2. M|=wl=w2 iff (wl) =1(w2)
iff (w1) € l(w2) and I(w2) € |(w1)
3. M|=wlE w2 iff (wl) N I(w2) € @
with
e wlil, w2 €eL;

« w1 3 w2 anotational variant of w2 E wi;
« w1l 1l w2 anotational variant of wl E =~ w2
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Entallment with teleontologies
Observation 1 (reprise): We are in presence of TBoxes with only
conjuncts

Observation 2: Teleontologies are nested subsumption hierarchies.
Teleologies / ETGs are constructed from teleontologies via unfolding

Observation 3: All the reasoning problems for a teleontology can be
solved in a Teleology (which contains only primitive concepts)
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Entallment with teleontologies )

Theorem 1: M |= wl E w2 Iff, after unfolding, the conjuncts in
wl and in w2 are a superset or equal to those of w2

Theorem 2: M |= w1 = w2 Iff, after unfolding, the conjunts in wl
and in w2 are exactly the same as those of w2

heorem 3 : M |=wl E = w2 iff, after unfolding, one of the
conjunts occurs negated in wl and not negated in w2, or vice
versa

Observation: all the LOD reasoning problems for teleontologies
can be resolved byunflding them into teleologies
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Satisfiability with teleontologies (reprise)

* Bachelor = Student 1M Undergraduate
« Master = Student N— Undergraduate
« PhD = Student m— Undergraduate 1 Research
* Assistant = Student m— Undergraduate 1 Research
N Teach
IS

Bachelor n PhD
satisfiable? NO!
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Subsumption with teleontologies (reprise)

* Bachelor = Student 1M Undergraduate

« Master = Student N— Undergraduate

« PhD = Student m— Undergraduate 1 Research

* Assistant = Student m— Undergraduate 1 Research
N Teach

S

PhD C Student
satisflable? YES!
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Equivalence with teleontologies (reprise)

* Bachelor = Student N Undergraduate

 Master = Student m— Undergraduate

« PhD = Student m— Undergraduate 1 Research

* Assistant .= Student M— Undergraduate n Research
N Teach

Is (assuming extended query language)
Student = Bachelor LI Master

satisfiable? YES!

58



Dipartimento di Ingegneria e Scienza dell'iInformazione

Disjointness with teleontologies (reprise)

S

Bachelor = Student N Undergraduate

Master = Student m— Undergraduate

PhD = Student m— Undergraduate 1 Research

Assistant = Student m— Undergraduate 1 Research
N Teach

Assistant E — Undergraduate

satisflable? YES!
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