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Introduction

Improving the efficiency and quality of ontology engineering
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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Introduction

Improving the efficiency and quality of ontology engineering

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:

Better abstractions!
Capture and instantiate reoccurring modelling patterns
Formats adapted to domain experts, data managers and ontology experts
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OTTR templates 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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?name rdf:type owl:Class
rdfs:subClassOf p:Pizza

?name rdfs:label ?label
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OTTR templates example 1

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

Pi1zza(?name, ?label) ::
p:Hawaii rdf:type owl:Class . ( ’ )

p:Hawaii rdfs:subClassOf p:Pizza . 7name rdf:type owl:Class

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

?name rdfs:label 7?label
p:Grandiosa rdf:type owl:Class . ame rdis:labe abe

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 .

Pi1zza(?name, ?label) ::
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OTTR templates example 1
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p:Margherita rdfs:label "Margherita"@it .
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p:Hawaii rdfs:subClassOf p:Pizza . TRIPLE(?name., rdf:type, OW1:C1355)’

p:Hawaii rdfs:label "Hawaii"@en . TRIPLE(7 rdfs:subClassOf, p:Pizza),
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p:Hawaii rdfs:subClassOf p:Pizza . TRIPLE(?name., rdf:type, OW1:C1355)’
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OTTR templates example 1

BCLA F(?sub, ? r)::
p:Margherita rdf:type owl:Class . SUBCLASSO ( sub, supe)

p:Margherita rdfs:subClassOf p:Pizza . TH'PLE(?SUba rdfs:subClassof, ?super) .

p:Margherita rdfs:label "Margherita"@it .
Pizza(?name, ?label) ::
Abstractions
TRIPLE(?name, rdf:type, owl:Class),
SUBCLASSOF(?name, p:Pizza),

TrRIPLE(?name, rdfs:label, ?label) .

PIZZA(p:Margherita, "Margherita"@it) .
PIZZA(p:Hawaii7 ”Hawaii”@en) .

PIZZA(p :Grandiosa, "Grandiosa"@no) .
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BCLA F(?sub, ? r)::
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OTTR templates example 2

Margherita C NamedPizza

Margherita C 3 hasCountryoforigin.{Italy}
Margherita T VhasTopping.(Tomato (] Mozzarella)
Margherita E HhasTopping.Tomato

Margherita T T hasTopping.Mozzarella
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OTTR templates example 2

Margherita C NamedPizza

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

Margherita T hasTopping.Mozzarella

NAMEDPIzzA( ?Name : 1 class, ?Country : ? individual, ?Toppings : + class) ‘
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template name

~
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x| SUBOBJECTSOMEVALUESFROM(?Name, :hasTopping, ?Toppings) .

template name
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OTTR templates example 2

Margherita C NamedPizza

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

Margherita T hasTopping.Mozzarella

parameter name
mandatory

template name
type

~
NAMEDPIzzA( ?Name’ : 1 class, ?Country : ?’individual, ?Toppings : +class)

SUBCLASSOF(?Name, :NamedPizza),

optional input

SUBOBJECTHASVALUE(?Name, :hasCountryOfOrigin, ?Country),
SUBOBJUECTALLVALUESFROM(?Name, :hasTopping, _:b1),

OBJECTUNIONOF(_:b1, ?Toppings),

list expansion\

x| SUBOBJECTSOMEVALUESFROM(?Name, :hasTopping, ?Toppings) .
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OTTR Serialisations

stOTTR: Easy to read and write

NAMEDPIzzA( ?Name : 1 class, ?Country : ? individual, ?Toppings : + class)
SUBCLASSOF(?Name, :NamedPizza),
SUBOBJECTHASVALUE(?Name, :hasCountry0fOrigin, ?Country),
SUBOBJECTALLVALUESFROM(?Name, :hasTopping, _:b1),
OBJECTUNIONOF(_:b1, ?Toppings),
x| SUBOBJECTSOMEVALUESFROM(?Name, :hasTopping, ?Toppings) .

NAMEDPIzZA(Margherita, Ttaly, (Tomato, Mozzarella))
NAMEDPIZZA(Grandiosa, ottr:none, (Tomato, Jarlsberg, Ham, SweetPepper))
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OTTR Serialisations

wOTTR: OWL vocabulary for semantic web use

<http://draft.ottr.xyz/pizza/NamedPizza> a ottr:Template ;
ottr:hasParameter
[ ottr:index 1 ; ottr:classVariable :pizza ] ,
[ ottr:index 2 ; ottr:individualVariable :country;
ottr:optional true ] ,
[ ottr:index 3 ; ottr:listVariable (:toppings) ]
### body:
[] ottr:templateRef t-owl-axiom:SubClassOf
ottr:withValues ( :pizza p:NamedPizza )
[]1 ottr:templateRef t-owl-axiom:SubObjectHasValue ;
ottr:withValues ( :pizza p:hasCountryOfOrigin :country )
[] ottr:templateRef t-owl-axiom:SubObjectAllValuesFrom ;
ottr:withValues ( :pizza p:hasTopping _:alltoppings )
[]1 ottr:templateRef t-owl-rstr:ObjectUnionOf ;
ottr:withValues ( _:alltoppings (:toppings) )
[] ottr:templateRef t-owl-axiom:SubObjectSomeValuesFrom ;
ottr:hasArgument [ ottr:index 1; ottr:value :pizza ] ,
[ ottr:index 2; ottr:value p:hasTopping ] ,
[ ottr:index 3; ottr:eachValue (:toppings) ]
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OTTR Serialisations

qOTTR: query for instances of pattern

SELECT *
{ ?paraml rdfs:subClassOf p:NamedPizza
[ owl:onProperty p:hasTopping ;
owl:someValuesFrom param3item ;
rdf:type owl:Restriction ] ,
[ owl:allValuesFrom [ owl:unionOf ?param3 ;
rdf:type owl:Class ] ;
owl:onProperty p:hasTopping ;
rdf:type owl:Restriction ]
OPTIONAL {
?paraml  rdfs:subClassOf [
owl:hasValue ?param2 ;
owl:onProperty p:hasCountry0fOrigin ;
rdf:type owl:Restriction ]
}

?param3 (rdf:rest)*/rdf:first ?param3item
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OTTR Serialisations

tabOTTR: tabular format for bulk template instances

9
#OTTR template |nttp://draft.otir izza
11 |Pizza Country  [Toppings
12 1 3
13 in iri iri+
14 |p:Veneziana p:ltaly p:OnionTopping | p:MozzarellaTopping | p:CaperTopping | p:OliveTopping | p:TomatoTopping | p:SultanaTopping | p:PineKemels
15 |p:Americank p:America  p:JalapenoPepperTopping | p:MozzarellaTopping | p-H PepperTopping | p:P pping | p: PP
16 |p:Margherita p MDzzareHaTDppmg\ p:TomatoTopping
17 |p: pping | p:CaperTopping | p:MushroomTopping | p-OliveTopping | p:AnchoviesTopping | p:MozzarellaTopping
18_|p:Fiorentina p TomatoTopping \ p GarlicTopping | p:P: | p Topping | p:OliveTopping | p:
19 |p:PrinceCarlo p:LeekTopping | p:RosemaryTopping | p: Topping | p: pping | p:P
20 |p:LaReine p:MushroomTopping | p:HamTopping | p: Topping | p:OliveTopping | p: PP
21 |p:American p:America  p pping | p: {Topping | p:P: pping
22 |p:caprina p MozzarellaTopping | p: pping | p:GoatsCl pping | p:
23 |p:p pping | p:RedO | pi Topping | p: PepperTopping | p:C: pping | p:GarlicTopping | p:ChickenTopping
24 |p:Capricciosa p HamTopping | p: Topping | p:QliveTopping | p: pping | p:Peps Topping | p: CaperTopping | p:AnchoviesTopping
_25_|p:Mushroom p: pping | p: Topping | p- Topping
26 |p:FruttiDiMare p:MixedSeafoodTopping | p:GarlicTopping | p:TematoTopping
_27 |p:Slopp PP pit Topping | p: PepperTopping | p:O 1 pi iTopping | p:
28 |p:cajun p:Ps Topping | p: TobascoP 1P pping | prPrawnsTopping | p:MozzareliaTopping | p-OnionTopping
29 |p:Nap: piltaly p: Topping | p: Topping | p: pRing | p:CaperTopping | p:OliveTopping
30 |p:Soho p:ParmesanTopping | p:OliveTopping | p:GarlicTopping | p:MozzarellaTopping | p:RocketTopping | p:TomatoTopping
31 |p:QuattroFormaggi p:TomatoTopping | p:FourCheeses Topping
32 |p:Giardiniera p:MozzarellaTopping | p: pping | p:Pep: Topping | p: pping | p: Topping | p:OliveTopping | p:PetitPoisTopping | p:LeekTopping
33 |p:Siciliana p:GarlicTopping | p:HamTopping | p:OliveTopping | px Topping | p: pping | p: Topping | p: ppi
34 |p:Pammense p:ParmesanTopping | p:AsparagusTopping | p:MozzarellaTopping | p:HamTopping | p: TomatoTopping
35 |p:Rosa p {Topping | p: pRing | {Topping
36
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Templates are mappings: Liftings and lowerings

OTTR Templates are declarative mappings/transforms

Generate format and transformation specifications from a template

lifting
/\
signature format pattern
T(P1, . 7pn) " Ophmapn
-~
lowering

(* experimental)
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Templates are mappings: Liftings and lowerings

OTTR Templates are declarative mappings/transforms
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lifting
tabOTTR (CSV, Excel) T RDF/OWL
~— signature format pattern —
wOTTR (RDF) -~ - ~ N —N—
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Templates are mappings: Liftings and lowerings

OTTR Templates are declarative mappings/transforms

Generate format and transformation specifications from a template

Lutra, our Java implementation
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Templates are mappings: Liftings and lowerings

OTTR Templates are declarative mappings/transforms

Generate format and transformation specifications from a template

Lutra, our Java implementation

lifting — XSt
tabOTTR (CSV, Excel) T RDF/OWL
~— signature format pattern —

wOTTR (RDF) -~ -\ -~ - P,

— T(P1, . 7pn) " Ophmapn
XML* -~

lowering
T SPARQL*

(* experimental)
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Template-driven methodology

“All” knowledge base (KB) interaction via templates
API for RDF/OWL

Maintain “all” KB interfaces by maintaining templates
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Template-driven methodology

core temp. + sem. tech

ontology expert

“All” knowledge base (KB) interaction via templates
API for RDF/OWL

Maintain “all” KB interfaces by maintaining templates
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Template-driven methodology

manual
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generated
dumps
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Template-driven methodology

manual
. reports
input
systems
generated Y
input
dumps
tabular format  user-facing temp. core temp. + sem. tech user-facingtemp.  tabular format
domain expert data manager ontology expert data manager data users

“All” knowledge base (KB) interaction via templates
API for RDF/OWL

Maintain “all” KB interfaces by maintaining templates
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Maintenance of template libraries: Removing redundancy

Formal foundation of OTTR templates permits analysis
Relations between templates, e.g,. depends, overlaps, contains
Two types of redundancy:

Lack of reuse: Pattern captured by existing template, refactor.

Uncaptured pattern: Pattern not captured by template, define new template and
refactor
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Ti(.) = AC.).B(..).C(...),D(...).
To(..) = A(..),B(..).
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Maintenance of template libraries: Removing redundancy

Formal foundation of OTTR templates permits analysis
Relations between templates, e.g,. depends, overlaps, contains
Two types of redundancy:

Lack of reuse: Pattern captured by existing template, refactor.

Uncaptured pattern: Pattern not captured by template, define new template and
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Maintenance of template libraries: Removing redundancy

Formal foundation of OTTR templates permits analysis
Relations between templates, e.g,. depends, overlaps, contains
Two types of redundancy:

Lack of reuse: Pattern captured by existing template, refactor.

Uncaptured pattern: Pattern not captured by template, define new template and

refactor
T1() Tg(...), T4(...).
To(...) A(...),B(...).
Ts(...) Tu(.. ), E(...).
Ta(...) c(...),D(...)

9/13 UiO ¢ University of Oslo



Evaluation: Aibel use case

Aibel: EPC company
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Evaluation: Aibel use case

Aibel: EPC company

MMD ontology: ’ :
80 000 classes
200 modules

ﬁ rdfs:label Template rdf:type Template
900 spreadsheets * F

Shared across all worksheets (~400) ‘

< erial Data shj — Worksheet Template
corots2iz MOS DF105 -TR2000 MaterialData sl 101008373
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Evaluation: Aibel use case

Aibel: EPC company
MMD ontology: 3 ’ :

80 OOO C|3.SS€S % 1::::3:; x::xmm:x::xgi‘ ot — Worksheet Template
200 modules
ﬁ rdfs:label Template rdf:type Template
900 spreadsheets
A” represented by Shared across all worksheets (~400)‘ ’ I’\

OTTR templates

OTTR Template Lib: OWL
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Evaluation: Aibel use case
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Resources

Available at ottr.xyz

Reasonable OroloqyTemplate:

“)>c o

examples: show  hide:
Contents

« intoduction and
oven

+ Expanding nsiances
wih Lz

o
Gemonstraiing
resuls of our W

Reasonable Ontology Templates OTTF)-Mozila fgefox

o B LMD emOo =

Reasonable Ontology Templates (OTTR)

Reasonable Ontology Templates (OTTR) is a language with supporting tools for
i ph and OWL

Itis designed to improve the efficiency and quality of building, using, and
maintaining knowledge bases.

OTTR,
the capabilities and benefits of OTTR, and pointers to further reading.

Introduction and Overview

Reasonable Ontology Templates (OTTR) is  language for representing ontology
d s designed OWL or RDF knowledge
higher level of abstraction, delling patterns rather than OWL
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ottr.xyz
gitlab.com/ottr/

Resources

Fie £t View Search Terminal Help

Available at ottr.xyz

s2¢ Generated by the OWL API (version 5.1.8) https://github. con/owles/owlapi)

Lutra CLI Java tool s e et IR pant i gl

<hitp: rexanple conts
anple. con/externale>
/a3 070/ 200207 /ow#>
/i3 070/ 1999/62/22 - F3f syntax-nsé>
) ora/ /1999 manespace
61, henats
hena

¥

[ rdf:type owl:ontology
1

SRS SIS
Object Propertics

b ah bk bR AR RN RN RN

eez voto:/rexmpte.consextormatatactopping

onasTopping raf-type. out:onjacterapers

sssssssssuvsssussssunsssshusssssnssssssssshsasssisssivssssinssss
Clas:

PO ————

42 ety //exanote cotnchoviesTopping

e

2 nttp://exanple. conscaperTopping
“CaperTopping rdf:type owl:Class -

e22 nrep:
+FourSeasar

o
b ha:
R e Y oy

rar son
-nnrmp,m bt ,:nwum :
L TuesFron :CaperTopping

type owl:Restriction

mProperty p:hasTopping
aluesFron :HozzereliaTopping
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ottr.xyz
gitlab.com/ottr/

Resources

Available at ottr.xyz

WOTTR: Reasonablpntology Templates Vocabulary -Moill Firefox
WOTTR:Reasonable OnlogyTe. | +

Lutra CLI Java tool

BCR LINDe®@O =
1o

Contents

Reasonable Ontology Templates Vocabulary
Specs: WOTTR, stOTTR, e (werT®)
tabOTTR

ermypes

templates-lite

The templates-lte ontology introduces the minimal vocabulary for using and
defining templates. However, it is primarily useful for specifying lemplate

= |
\
plate sp /
V. \
Latest version, 0.3 f \
hitpi/ /ns.otteayz/template 1 J \
Versions ) (e 6 |
. i |
.0 9
0. "
! v

templates-core

The templates-core vocabulary extends the templates-lite ontology by adding mote
etties and

forspecilying and

Latest version, 0.3
hitp: t

templates-term-types

The templates-ferm-types vocabulary specifies the legal parameter types and their
relations.

Latest version, 0.3
hitnr/ /ns atte
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ottr.xyz
gitlab.com/ottr/

Resources

Available at ottr.xyz
Lutra CLI Java tool
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tabOTTR

Library of OTTR templates
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b
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Direct dependency templates
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e
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Resources
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Lutra CLI Java tool
Specs: wOTTR, stOTTR,
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ottr.xyz
gitlab.com/ottr/

Summary:

Abstraction/macro language for
RDF/OWL

Built for sem. tech use: Leverage
existing W3C stack and tools

Improved construction and
maintenance of ontologies

Methodology adapted to different users
Library and tools available

Industrial interest

13/13 UiO ¢ University of Oslo



Abstraction/macro language for
RDF/OWL

Built for sem. tech use: Leverage
existing W3C stack and tools

Improved construction and
maintenance of ontologies

Methodology adapted to different users
Library and tools available

Industrial interest

13/13

Summary: Future work:

Editors for
Data manger
Ontology expert

Template library maintenance

Additional input formats:
Relational database
XML

UiO ¢ University of Oslo



Summary: Future work:
Abstraction/macro language for Editors for
RDF/OWL Data manger
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existing W3C stack and tools Template library maintenance
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XML

Methodology adapted to different users
Library and tools available
Industrial interest
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