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Large-scale ontology (100 000+ classes)T
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Requirements for building large (industrial) ontologies

Support large number of classes
* Some of which might have very similar shape

Support a large number of (industry) standards
* which might have apparently imcompatible ways of defining the world...

Support consistent modelling
» Semantically consistent (of course!), but also
* model the same category of thing in the same way, across different standards

Support collaborative development

This is a lot
harder than

you may think!

« Contributors may have varying background and competence (also about ontologies)

* Model consistently between all contributors! <

Support (automated) mechanisms for QA and verification
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Difficulties with ontology editors
[0 liabel ___[Standard | Size [ Pressureciass |

Flangel Flange ACME 66 NPS 1CL150 ACME66 NPS1 Class 150

Flange2 Flange ACME 66 NPS 2 CL150 ACME 66 NPS2  Class 150

Flange3 Flange ACME 66 NPS 1 CL300 ACME 66 NPS1 Class 300

Flange4 Flange ACME 66 NPS 2 CL300 ACME 66 NPS2 Class 300

FIangeS Flange ACME 66 NPS 1 CL600 ACME 66 NPS 1 c <4 untitled-ontology-100 (http://www.semanticweb.org/ofschha3/ontologies/2019/9/unt. — [m] X
File Edit View Reasoner Tools Refactor Window Help

Flange6 Flange ACME 66 NPS 2 CL600 ACME 66 NPS 2

<| @ untitled-ontology-100 (hiip semanticweb.org/ofschha3/ontologies/2019/9/untitled-ontology-100 ~ Search.
Flange ; Flange ACME 66 ) Flange ACME 66 NPS 1 CL150

Active ontology | Entities x | Classas x | Individuals by class x| DL Query x

Annotation praperties | Datatypes | Indiiduals | = ® Flange ACME 66 NPS 1 CL150 — http-/Awww.semanticweb. org/ofschhat
i . Classes | Object properties Data properties Annotations | Usage
Impossible to model consistently
Asserted ~ Annctations
* Humans are not good at repetitive tasks! v-® owning rtstabe
. . v E"F‘::MMCME o6 Flange ACME 66 NPS 1 CL150
» Collaboration only makes it worse...
. - Flange ACME 66 NPS 1 CL300
* Whatif you want to Change the way you Flange ACME 66 NPS 1 CL60D -
Flange ACME 66 NPS 2 CL150 -
model flanges...”? 3 Flonge ACNE a0 1ms 21500
» Makes no sense to non-ontologists! + @ brassure rang Fiangs ACHE 6

*has NPS' only 'NPS 1°
*has pressure rating’ only CL150

To uss the ressoner olick Reasoner > Startreasoner |V Show Inferences




Excel is not a data management tool

* No constraint support => define as many duplicates as you want!

* No referential integrity => introduce ad-hoc classes as you go!

* Unlimited schema freedom => inconsistent modelling!

* What about type checking, simultaneous edits, edit logs, versioning, and conflict
resolution...?

[0 Jiabel _____________|Stndad_[Size _|Pressureclass |
Flangel Flange ACME 66 NPS 1 CL150 ACME 66 NPS1 Class 150 1
Flange2 Flange ACME 66 NPS 1 CL150 ACME 66 NPS 1 Class 150 1
Flange3 Flange ACME 66 NPS 112 CL150 ACME 66  NPS 112 Class 150 T

e

Does this

Duplicates! .
p class exist...?

aibel




Research goal and contribution

Improving the efficiency and quality of ontology engineering
(for large-scale ontologies)

Problem:
Current ontology engineering methods are too low-level
Makes ontology construction repetitive and error-prone
Difficult to engage end-users

Difficult to generate sustainable large ontologies
Difficult to efficiently maintain ontologies
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Research goal and contribution

Improving the efficiency and quality of ontology engineering
(for large-scale ontologies)

Problem:

Current ontology engineering methods are too low-level
Makes ontology construction repetitive and error-prone
Difficult to engage end-users

Difficult to generate sustainable large ontologies
Difficult to efficiently maintain ontologies

We need:

Abstractions!
Capture and instantiate reoccurring modelling patterns

Formats adapted to domain experts, data managers and ontology experts
UiO ¢ University of Oslo



Abstractions

competence

abstraction level
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Abstractions

competence #users

abstraction level
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Abstractions

Assembly Python

section .text print("Hello, world!")
global _start
_start:

mov edx,len

mov ecx,msg

mov ebx, 1

mov eax,4

int 0x80

mov eax,1

int 0x80
section .data
msg db ’'Hello, world!’,0Oxa
len equ $ - msg

UiO ¢ University of Oslo
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Abstractions

Assembly Python

section .text print("Hello, world!")
global _start
_start:
mov edx,len
mov ecx,msg
mov ebx, 1
mov eax,4
int 0x80
mov eax,1 Hlde Comp|eXIty
int 0x80 .
Separation of concerns
section .data
msg db ’'Hello, world!’,0Oxa
len equ $ - msg
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Abstractions

Assembly
section .text
global _start
_start:

mov edx,len
mov ecx,msg
mov ebx, 1
mov eax,4
int 0x80
mov eax,1
int 0x80
section .data
msg db ’'Hello, world!’

len

equ $ - msg

Python

print("Hello, world!")

Hide complexity
Separation of concerns
Support different users

,0xa

UiO ¢ University of Oslo



Abstractions

RDF/OWL ?

ex:Margherita
rdfs:subClassOf p:NamedPizza ;

rdfs:subClassOf [ a owl:Restriction ;
owl:hasValue ex:Italy ;
owl:onProperty p:hasCountryOfOrigin
15
rdfs:subClassOf [ a owl:Restriction ;
owl:allValuesFrom [ a owl:Class ;
owl:unionOf ( ex:Mozzarella ex:Tomato )
1 i i
owl:onProperty p:hasTopping H|de COmpIeX'ty
1
rdfs:subClassOf [ a owl:Restriction ; Separa“on Of Concerns
owl:onProperty p:hasTopping ; .
owl:someValuesFrom ex:Tomato Support d|fferent users
15
rdfs:subClassOf [ a owl:Restriction ;
owl:onProperty p:hasTopping ;
owl:someValuesFrom ex:Mozzarella
1
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Abstractions

Manchester OWL ?

Class: Margherita
SubClassOf:
NamedPizza,
hasCountryOfOrigin some { Italy },
hasTopping some Mozzarella,
hasTopping some Tomato,
hasTopping only (Mozzarella or Tomato)

Hide complexity
Separation of concerns
Support different users
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Abstractions

Manchester OWL ?

Class: Margherita
SubClassOf:
NamedPizza,
hasCountryOfOrigin some { Italy },
hasTopping some Mozzarella,
hasTopping some Tomato,
hasTopping only (Mozzarella or Tomato)

Hide complexity
Separation of concerns
Support different users

Still low-level OWL “coding”
Impossible to not care about logic
No proper abstraction mechanism

UiO ¢ University of Oslo



Reasonable Ontology Templates (OTTR)

Macro/Pattern language for knowledge bases
Abstractions over RDF and OWL
Represent and instantiate modelling patterns

Gain well-known benefits from abstractions for
creating, maintaining and communicating
ontologies and knowledge bases

Open-source tools and template libraries available at ottr.xyz

Active community of industrial users

UiO ¢ University of Oslo


ottr.xyz

OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

p:Hawaii rdf:type owl:Class .
p:Hawaii rdfs:subClassOf p:Pizza .

p:Hawaii rdfs:label "Hawaii'"@en .

p:Grandiosa rdf:type owl:Class .
p:Grandiosa rdfs:subClassOf p:Pizza .

p:Grandiosa rdfs:label "Grandiosa"@no .
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p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

:Pizza|?name, ?labell ::
p:Hawaii rdf:type owl:Class . pzitizz [ ’ ] {

p:Hawaii rdfs:subClassOf p:Pizza . ottr:Triple(?name, rdf:type, OWI:ClaSS)v

p:Hawaii rdfs:label "Hawaii'"@en . ottr:Triple(?name, rdfs:subClassOf, p:Pizza),

p:Grandiosa rdf: type owl:Class ottr:Triple(?name, rdfs:label, ’?Iabel)

p:Grandiosa rdfs:subClassOf p:Pizza . } :

p:Grandiosa rdfs:label "Grandiosa"@no . pz:Pizza(p:Margherita., "Margherita"@it) .
pz:Pizza(p:Hawaii, "Hawaii"@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

p:Hawaii rdf:type owl:Class .
p:Hawaii rdfs:subClassOf p:Pizza .

p:Hawaii rdfs:label "Hawaii'"@en .

p:Grandiosa rdf:type owl:Class .
p:Grandiosa rdfs:subClassOf p:Pizza .

p:Grandiosa rdfs:label "Grandiosa"@no .

ax: SubClassO£[?sub, ?super] :: {
ottr:Triple(?Sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, ?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ottr:Triple(?name, rdfs:subClassOf, p:Pizza),
ottr:Triple(?name, rdfs:label, ’?Iabel)
pz:Pizza(p:Margherita., "Margherita"@it) .
pz:Pizza(p:Hawaii, "Hawaii"@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

p:Hawaii rdf:type owl:Class .
p:Hawaii rdfs:subClassOf p:Pizza .

p:Hawaii rdfs:label "Hawaii'"@en .

p:Grandiosa rdf:type owl:Class .
p:Grandiosa rdfs:subClassOf p:Pizza .

p:Grandiosa rdfs:label "Grandiosa"@no .

ax: SubClassO£[?sub, ?super] :: {
ottr:Triple(?Sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, ?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza),
ottr:Triple(?name, rdfs:label, ’?Iabel)
pz:Pizza(p:Margherita., "Margherita"@it) .
pz:Pizza(p:Hawaii, "Hawaii"@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[’?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions
Don’t Repeat Yourself (DRY)

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[’?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)
pz:Pizza(p:Margherita, "Margherita"@it) .
pz:Pizza(p:Hawaii, ”Hawaii”@en) .

pz: Pizza(p :Grandiosa, "Grandiosa"@no) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)

}.

pz:Pizza[?name, '?Iabel] i {
ottr:Triple(?name, rdf:type, owl: Class)7
ax: SubClassOf(?name, p:Pizza)7
ottr:Triple(?name, rdfs:label, ?Iabel)

}.

pz: Pizza(p :Margherita, "Margherita"@it) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
).
pz:Pizza[p:Margherita, "Margherita"@it] i {
ottr:Triple(p:Margherita, rdf:type, owl:Class),
ax: SubClassOf(p:Margherita, p:Pizza),
ottr:Triple(p:Margherita, rdfs:label, "Margherita"@it)
).

pz: Pizza(p :Margherita, "Margherita"@it) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax:SubClassOf[?sub, ?super] I {
ottr:Triple(?sub, rdfs:subClassOf, ?super)
}.
pz:Pizza[p:Margherita, "Margherita"@it] i {
ottr:Triple(p:Margherita, rdf:type, owl:Class),
ax: SubClassOf(p:Margherita, p:Pizza),
ottr:Triple(p:Margherita, rdfs:label, "Margherita"@it)
}.

pz: Pizza(p :Margherita, "Margherita"@it) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax:SubClassOf[p:Margherita,p:Pizza] i {
ottr:Triple(p:Margherita, rdfs:subClassOf, p:Pizza)
}.
pz:Pizza[p:Margherita, "Margherita"@it] i {
ottr:Triple(p:Margherita, rdf:type, owl:Class),
ax: SubClassOf(p:Margherita, p:Pizza),
ottr:Triple(p:Margherita, rdfs:label, "Margherita"@it)
}.

pz: Pizza(p :Margherita, "Margherita"@it) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions

Don’t Repeat Yourself (DRY)
Compositional patterns
Encapsulate complexity
Uniform modelling

Separate design and content
Ensure completeness of input
Simple input format

Substitution
Macro expansion

ax: SubClassOf[p:Margherita, p:Pizza] i {
ottr:Triple(p:Margherita, rdfs:subClassOf, p:Pizza)

}.

pz:Pizza[p:Margherita, "Margherita"@it] i {
ottr:Triple(p:Margherita, rdf:type, owl:Class),
ottr:Triple(p:Margherita, rdfs:subClassOf, p:Pizza)7
ottr:Triple(p:Margherita, rdfs:label, "Margherita"@it)

}.

pz: Pizza(p :Margherita, "Margherita"@it) .

UiO ¢ University of Oslo



OTTR: Example 1

p:Margherita rdf:type owl:Class .
p:Margherita rdfs:subClassOf p:Pizza .
p:Margherita rdfs:label "Margherita"@it .

Abstractions
, ottr:Triple(p:Margherita, rdf:type, owl:Class),
Don’t Repeat Yourself (DRY)
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Simple input format

Substitution
Macro expansion
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pz:Pizza[owl:Class ?name, xsd:string ?label]

List-types and list-expanders: (for multiplying instances, and compact input)
pz :Pizza[owI:CIass ?name, List<xsd:string> ?Iabel]

Optional parameters: (for missing input, more flexible pattern signatures)
pz:Pizza[owl:Class ?name, ? xsd:string ?label]

Default values: (for simplifying input)
pz:Pizza[owl:Class ?name, xsd:string ?label = "Grandiosa"]
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OTTR: Language features

Typed parameters: (for type checking and consistent use of IRIs)
pz:Pizza[owl:Class ?name, xsd:string ?label]

List-types and list-expanders: (for multiplying instances, and compact input)
pz :Pizza[owI:CIass ?name, List<xsd:string> ?Iabel]

Optional parameters: (for missing input, more flexible pattern signatures)
pz:Pizza[owl:Class ?name, ? xsd:string ?label]

Default values: (for simplifying input)
pz:Pizza[owl:Class ?name, xsd:string ?label = "Grandiosa"]

Non-blank: (for forcing concrete values)
pz:Pizza[! owl:Class ?name, ! xsd:string ?label]

UiO ¢ University of Oslo



Types

Examples

Type checking instances

SubClassO£[owl:Class ?sub, owl:Class ?super] .

SubClassOf(p:Margherita, p:Pizza
SubClassOf( "Margherita", p:Pizza
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Type checking instances

SubClassO£[owl:Class ?sub, owl:Class ?super] .
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Pizza(p:Quattro, 4) .
Type checking template definitions
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Types

Examples

Type checking instances

SubClassO£[owl:Class ?sub, owl:Class ?super] .

SubClassOf(p:Margherita, p:Pizza) . OK
SubClassOf( "Margherita", p:Pizza) . not OK

Pizza(p:Quattro, 4) . notOK

Type checking template definitions

Pizza[owI:CIass ?name, xsd:string ’?Iabel] o

Triple(?name, rdf:type, owl: Clalss)7
SubClassOf(?IabeI, p:Pizza), not OK
Triple(?name, rdfs:label, ?Iabel) } .

Type checking consistent use

1[?x] = {

Pizza(?x, _: blank) }
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Types

Examples

Type checking instances

SubClassO£[owl:Class ?sub, owl:Class ?super] .

SubClassOf(p:Margherita, p:Pizza) . OK
SubClassOf( "Margherita", p:Pizza) . not OK

Pizza(p:Quattro, 4) . notOK
Type checking template definitions

Pizza[owI:CIass ?name, xsd:string ’?Iabel] o

Triple(?name, rdf:type, owl: Clalss)7
SubClassOf(?IabeI, p:Pizza), not OK
Triple(?name, rdfs:label, ?Iabel) } .

Type checking consistent use

T[?x] i {SubClassOf(?x,_:blank), not OK
Pizza(?x, _:blank) }
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Pizza Ontology

pizza co-ode. 0.0) tanford. n =
Flle Edt View Reasoner Tools Refactor Window Help &
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Annotation properties Datatypes | Individuals Margherita 7

Classes | Object properties Data properties

Class Annotations | Class Usaga
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v @ owiThing

DomainThing
Country

Pizza ontology tutorial R —

22 NamedPizza-s

Difficult to find all instances—

understanding the ontology R e
Error-prone to update pattern S
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Margherita
MeatyPizza
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skos:altiabel ~(language: en]
Maraherita Pizza

QuattroFormaggi
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S
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Soho

SpicyPizzaEquivalent
ThinAndCrispyPizza it Wi
unclosedpizza - AmericanHot, Fiorentina, Cajun, LaReine, Giardiniera, Rosa,
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OTTR: Example 2

Margherita C NamedPizza

Margherita T JhasCountry0fOrigin.{Italy}
Margherita C VhasTopping.(Tomato (] Mozzarella)
Margherita E HhasTopping.Tomato

Margherita T hasTopping.Mozzarella

parameter name

template name type optional input list input
NamedPizza[ owl:Class ?Name, ?"owl:Namedindividual ?Country, List<owl:Class> ?Toppings]

SubClassOf(?Name, :NamedPizza),

SubObjectHasValue(?Name, :hasCountryOfOrigin, ?Country),

SubObjectAllValuesFrom(?Name, :hasTopping, _:b1),
list expansion\ ObjectUnion0f(_:b1, ?Toppings),

cross | SubObjectSomeValuesFrom(?Name, :hasTopping, + ?Toppings)

. marked for expansion
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Margherita T hasTopping.Mozzarella

NamedPizza(Margherita, Italy, (Tomato, Mozzarella))

parameter name

template name type optional input list input
NamedPizza[ owl:Class ?Name, ?"owl:Namedindividual ?Country, List<owl:Class> ?Toppings]
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OTTR: Example 2

Margherita C NamedPizza

Margherita T JhasCountry0fOrigin.{Italy}
Margherita C VhasTopping.(Tomato (] Mozzarella)
Margherita E HhasTopping.Tomato

Margherita T hasTopping.Mozzarella

NamedPizza(Margherita, Italy, (Tomato, Mozzarella))

NamedPizza(Grandiosa, none, (Tomato, Jarlsberg, Ham, SweetPepper))

parameter name

template name type optional input list input
NamedPizza[ owl:Class ?Name, ?"owl:Namedindividual ?Country, List<owl:Class> ?Toppings]

SubClassOf(?Name, :NamedPizza),

SubObjectHasValue(?Name, :hasCountryOfOrigin, ?Country),

SubObjectAllValuesFrom(?Name, :hasTopping, _:b1),
list expansion\ ObjectUnion0f(_:b1, ?Toppings),

cross | SubObjectSomeValuesFrom(?Name, :hasTopping, + ?Toppings)

. marked for expansion
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OTTR: Example 2

Margherita E NamedPizza Grandiosa L Namedpizza

Margherita T JhasCountry0fOrigin.{Italy}
Margherita C VhasTopping.(Tomato (] Mozzarella)

Grandiosa VhasTopping.(Tomato LI Jarlsberg L] Ham L/ SweetPepper)
Grandiosa _ JhasTopping.Tomato

Margherita C T hasTopping.Tomato Grandiosa T hasTopping.Jarlsberg

Margherita T hasTopping.Mozzarella Grandiosa L JhasTopping.Ham

Grandiosa E HhasTopping‘SweetPepper

NamedPizza(Margherita, Italy, (Tomato, Mozzarella))

NamedPizza(Grandiosa, none, (Tomato, Jarlsberg, Ham, SweetPepper))

parameter name

template name type optional input list input
NamedPizza[ owl:Class ?Name, ?"owl:Namedindividual ?Country, List<owl:Class> ?Toppings]

SubClassOf(?Name, :NamedPizza),

SubObjectHasValue(?Name, :hasCountryOfOrigin, ?Country),

SubObjectAllValuesFrom(?Name, :hasTopping, _:b1),
list expansion\ ObjectUnion0f(_:b1, ?Toppings),

cross | SubObjectSomeValuesFrom(?Name, :hasTopping, + ?Toppings)

. marked for expansion
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OTTR: Example 2

Margherita C NamedPizza
Margherita T JhasCountry0fOrigin.{Italy}

Grandiosa L NamedPizza

Grandiosa VhasTopping.(Tomato LI Jarlsberg L] Ham L/ SweetPepper)

Margherita C VhasTopping.(Tomato (] Mozzarella) Grandiosa L JhasTopping.Tomato
. ) Grangs [l YU SR S DR
Margherita E HhasTopplng.Tomato A | B |
Margherita = 3 hasTopping.Mozzarella Grand zoTTR prefix
Grand 2 |p hitp://example.com:
3 [#0TTR end
4
NamedPlzza(Margherlta, Italy, (Tomato, Mozzarella)) #0TTR template [nitp:irtpl.ottr. xyzipizza/0. iNamedPizza
NamedPizza(Grandiosa, none, (Tomato, Jarlsberg, Ham, Sw g ;‘ 5‘ ;f
8 |Pizza Country Toppings
parametgr name 9 |p:Veneziana pitaly p:SultanaTopping | p:OnionTopping | p: TomatoTopp
templa{e name type optlonal input 10_|p:AmericanHot p:America  |p:HotGreenPepperTopping | p:MozzarellaTopping |
e / 11_|p:Margherita p:TomatoTopping | p:MozzarellaTopping
NamedPizza[ owl:Class ?Name, ? owl:Namedindividual ?Coul 12 |p:FourSeasons p:TomatoTopping | prAnchoviesTopping | p:Mozzar
. 13 p:GarlicTopping | p:SpinachTopping | p:Mozzarellal
. { p:MozzarellaTopping | p:ParmesanTopping | p:Leek
SubClassOf(?Name, :NamedPizza), p:MushreomTopping | p:MozzarellaTopping | p:Har
] . p:America  p:PeperoniSausageTopping | p:TomatoTopping | p:!
SubObj ectHasValue(?Name, rhasCountryOfOrigi p-SundriedTomatoTopping | p:GoatsCheeseToppin
. . 1 p:SweetPepperTopping | p:CajunsSpiceTopping | p:C
2 .
SubObj ectAllValuesFrom( ?Name, :hasTopping, _| : p:TomatoTopping | p:PeperonataTopping | p:HamTe
list expansion Obj ectUniorlOf(_ :bl, ?Toppings), :Mushroom p:TomatoTopping | p:MushreomTopping | p:Mozzar
\ . 21 |pcFruttiDiMare p:TomataTopping | p:Garlic Topping | p:MixedSeafo
cross | SubObj eCtsomeva]-UGSFrom(?Name, :hasTq 22 |p:sioppyGiuseppe p:MozzarellaTopping | p:GreenPepperTopping | p:Ti
} ked f 23 |p:Cajun p:TobascoPepperSauce | p:Prawns Topping | p:Moz
. marked 10r expans| 34 |p:Napoletana pritaly p:CaperTopping | p:TomatoTopping | p:Olive Topping
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OTTR: Example 2

Margherita E NamedPizza Grandiosa L Namedpizza

Margherita T JhasCountry0fOrigin.{Italy}
Margherita C VhasTopping.(Tomato (] Mozzarella)

Grandiosa VhasTopping.(Tomato LI Jarlsberg L] Ham L/ SweetPepper)
Grandiosa _ JhasTopping.Tomato
Margherita C T hasTopping.Tomato Grandiosa T hasTopping.Jarlsberg

Margherita T hasTopping.Mozzarella Grandiosa L JhasTopping.Ham

Grandiosa E HhasTopping‘SweetPepper

NamedPizza(Margherita, Italy, (Tomato, Mrmmama11-1)
NamedPizza(Grandiosa, none, (Tomato, Jar bOTTR map :

paramo?mﬁe
template name type / tional input /Iist input
b i

ss 7Name, ?"owl:Namedindividual ?Country, List<owl:Class> ?Top

Namedﬁzza[ owl:
o
SubClassOf(?Name, :NamedPizza),
SubObjectHasValue(?Name, :hasCountryOfOrigin, ?Country),
SubObjectAllValuesFrom(?Name, :hasTopping, _:b1),
list expansion ObjectUnion0f(_:b1, ?Toppings),
\CI'OSS | SubObjectSomeValuesFrom(?Name, :hasTopping, + ?Toppings)
. marked for expansion
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Modelling with OTTR: Building template libraries

Templates are published in template
libraries using LOD principles
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Modelling with OTTR: Building template libraries

Templates are published in template
libraries using LOD principles

Shared, reusable, (stable) resources
tpl.ottr.xyz: ~200 OWL, RDFS, RDF +
example/project templates

Example: https://tpl.ottr.xyz/p/
pizza/0.2/NamedPizza

Library management procedures defined
(versioning, statuses, publishing)
Maintenance tools available (e.g.,
duplication, overlap)
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Modelling with OTTR: Top-down methodology

Top-down modelling with different abstraction levels:
System — Domain — Logical — Utility — Base

hitp://ipl.ottr xy2/p/pizzal0.2/Namedpizza

[ nttpunpl.ottrxyzip/pizzal0.2/PizzaTopping

rsirObjeciUnion0f [ | 2Partiton | [ axSubObj | [ 2xSubol [ ax:SubObjectSomevaluesFrom |
[ axDisjointClasses | [[rstro | [sron | "] axsubclassof [ | rsirObjectSomevaluesFrom |

[ o-owkutTypedLisiRelation |

[ rstrHasvalue | [ rstranvaiesFrom | [ rsir:SomeVvaluesFrom |

o-owl-utListRelation o-owk-ut:ValueRestriction

S

http:/ftplottr xyz/p/pizza/0. z/Annotation
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Modelling with OTTR: Top-down methodology
Top-down modelling with different abstraction levels:

System — Domain — Logical — Utility — Base
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Modelling with OTTR: Top-down methodology

Top-down modelling with different abstraction levels:
System — Domain — Logical — Utility — Base

Levels to match competence, responsibility and availability

Separation of concerns

hitp://ipl.ottr xy2/p/pizzal0.2/Namedpizza

[ nttpunpl.ottrxyzip/pizzal0.2/PizzaTopping

rstrObjectUnionot | |

2Partiton | [ axSubObj | [ 2xSubol

[ ax:SubObjectSomevaluesFrom |

[ axDisjointClasses | [[=ro

| [sron

| "] axsubclassof [ | rsirObjectSomevaluesFrom |

[ o-owkutTypedLisiRelation | [ rstrHasvalue | [ rstranvaiesFrom | [ rsir:SomeVvaluesFrom |

o-owl-utListRelation o-owk-ut:ValueRestriction

S

http:/ftplottr xyz/p/pizza/0. z/Annotation
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Modelling with OTTR: Top-down methodology

Top-down modelling with different abstraction levels:
System — Domain — Logical — Utility — Base

Levels to match competence, responsibility and availability

Separation of concerns

Publish template library with each vocabulary — a vocabulary API!

hitp://ipl.ottr xy2/p/pizzal0.2/Namedpizza

[ nttpunpl.ottrxyzip/pizzal0.2/PizzaTopping

rstrObjectUnionot | |

2Partiton | [ axSubObj | [ 2xSubol

[ ax:SubObjectSomevaluesFrom |

[ axDisjointClasses | [[=ro

| [sron

| "] axsubclassof [ | rsirObjectSomevaluesFrom |

[ o-owkutTypedLisiRelation |

[ rstrHasvalue | [ rstranvaiesFrom | [ rsir:SomeVvaluesFrom |

o-owl-utListRelation

o-owk-ut:ValueRestriction

S

http:/ftplottr xyz/p/pizza/0. z/Annotation
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Summing up: Why use OTTR?

Represent, share and use your modelling patterns. (Patterns for the win!)
Consistent and correct modelling (signature and type checking)
Efficiency

Usability(?)

Organise your patterns in a library (modular templates)

Visit http://ottr.xyz for more information, including
primer, interactive examples, tutorials and videos.

Thanks!

UiO ¢ University of Oslo
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