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'. Ontology Engineering Group

Created in1995
Directors: A. GoOmez-Pérez, O. Corcho
Position: 8th in the UPM ranking (200 groups)

Research Group (30 people)
2 Full Professors

5 Associate Professors

3 Assistant Professors

7 Senior Postdocs

6 PhD Students

2 MSc and BSc Students

2 software engineers

1 system administrator

2 project managers

o O 0O 0O O O O O O

A

htt.p ://wvxl/w.-o»ég upm .net

170+ Past Collaborators

50+ Past Visitors /
https://github.com/oeg-upm

W @oeg-upm
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'. Ontology Engineering Group

» Created in1995 » Awards and Prizes
> World-wide known in the research areas " AdaByron, Fujitsu, Open data, ISWC
= Ontologies = SUR Awards Watson for Tech. Watch
= Semantic Web and Linked Data » Supervision of students
= Multilingual linked Data = 28 Ph.D thesis (9 awarded best thesis prize)
= Open Data = >150 MS.C thesis and BS.C
" eScience > Events organization
» Projects (> 12M€) = 11 editions of the International Summer School
= 27 EU projects (7 as coordinator) on Ontological Engineering and the Semantic
= 54 National Projects Web
= 27 contracts with companies " >50 WS and tutorials
= Awards: SUR IBM Watson » Standardization activities
> Publications = >25 @ W3C, ISO, OASIS, AENOR, etc.
= 106 journals > |\/|obi|ity
= 362 International conferences and book chapters =  PhD students: 3-6 months abroad
= 7 Books = Postdocs: 1 month every 2 years
» Impact of publications H-index > Visibility
= Asuncion Gomez-Pérez (h:50, citations 15025) =  Program chairs of ESWC, ISWC, KCAP,
=  Oscar Corcho Garcia (h: 36, citations 8258) EKAW, TKE, TIA
> Services to the Spanish community " Editorial board of Journals
= Host esDbpedia = Invited talks at conferences and events
= Host linkeddata.es ﬁg’; = Programme Committee presence
DBpeglia » Collaboration with COM (Center Open
espanol Middleware)
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http://scholar.google.es/citations?hl=es&view_op=search_authors&mauthors=ontology+engineering+group
http://es.dbpedia.org/
http://es.dbpedia.org/

VICINITY - vision and Objectives

VICINTY’s vision is to http://vicinity2020.eu/

= provide “Interoperability” as a service

= create a platform for domain-crossing, value-added
services

by building and demonstrating a

= pottom-up ecosystem of decentralised

Interoperability of IoT infrastructures called virtual
neighbourhood,

= |ike social network for things, enabling value added
services

o where users can share the access to their smart objects without
losing the control over them

o Wwhere x-domain services and buisiness models can be
established
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Ontology development process overview

Openly managed _Openly reported in |
in GitHub GitHub issue tracker:

new needs, bugs, etc.

= Ont.Devel. | = Ont. Devel. |
i = Users i i = Users
| » Experts | I I B | = Experts

OnTQIoglcoI Ontology Ontology Ontology
requirements : : . :
specification implementation Publication maintenance
Compe.’rency Ontology Online Issue tracker
questions ontology
" : / = /
— d—
| | . —_— O e
e O e
Shared in . T
sl snapshot in documentation
spreadsheets _- \
egend - Actor Activity Output activity flow

Ontology code and

documentation available online
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i Users i
' = Experts '

Ontological
requirements
specification

'

Competency
questions

Requirements from WoT WG

http://w3c.qgithub.io/wot/current-practices/wot-
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Ontology 3.1.1 Resource Model and URIs

W83C home > Mailing lists > Public > public-wot-ig@w3.org > December 2016

Towards a formal model of thing descriptions

This message: [ Message body ] [ Respond ] [ More options ]
Related messages: | Next message ] [ Previous message ]

3.2 Thing Description

The WoT Thing Description (TD) provides th
its WoT Interface. For this, it relies on the Re
lying data model. For now, [JSON-LD] is use
mal vocabulary to express the capabilities of
and Events. In addition, the TD provides me
etc.), mediaTypes (e.g., "application/json", "
tion, etc.). Fig. 3 Concepts of the Thing Dest
TD.

From: Dave Raggett <dsr@w3.org>

Date: Wed, 7 Dec 2016 18:20:25 +0000

Message-Id: <D7140C17-4A50-48C3-92D3-A6ED1399D60F @w3.org>
To: Public Web of Things IG <public-wot-ig@w3.org>

In today’'s Web of things Interest Group call, I was asked to provide a formal model of the RDF graphs for thing descriptiof
The question is what formalism to codify it in. One possibility could be the Shapes Conmstraint Language (SHACL), see:
against a set of conditions. This could be used for validating a thing description against the following “grammar val
wvalidating data, and for validating service compositions to check that the components are compatible. What other formalism

The following are based upen requirements derived from a broad range of use cases.

Each thing must have a thing description.

A thing description is a graph of RDF triples rooted in a given thing.

A thing description must have URI with which to access the description.

A thing may have meta-data, i.e. a set of predicate/value pairs.

A thing may have zero or more properties, actions and events.

EBach property, action and event must have a string literal as its name.

Each property, action and event may have metadata.

A property must have a data type.

A property may have a default value.

A property may be writeable.

A property may be required.

Each property may itself have properties.

Each property, action and event may have metadata.

A data type is a core data type, or is defined in place, or by reference to a definition.
Core data types are null, boolean, integer, number, string, vector, thing, enum and union.
A property may be a stream.

A property may be a collection.

A collection is either ordered or unordered, but not both.

A enum is an unordered set of string literals.

A union is an unordered set of data types.

A vector is a set of items, where each item has a string literal for its name, and a non-negative integer for its index.

A property may have constraints, which depend on its data type.

An integer or number may have a min and a max value.

A collection may have a min and a max length.

Each action must define a request.

Each action may define a response.

A request may expect a sequence of zero, one or more responses.

Fach request and response must have a data type.

Each event must has a data type.

There are predefined events for signalling updates and life eycle changes.
Metadata includes comments and communication metadata.

comment is a string literal and may be annotated with its human language.
A thing may be associated with a service.

A service provides a means to notify updates to properties and metadata

A service provides a means to signal events, action requests and responses.
A service URI may contain named variables.

A property may be a sink or source but not a combination of these.

A

A

a

A

A

>

sink is a stream of samples that applications can generate.
source is a stream of samples that applications can observe.
stream may have a sampling rate.

stream may have a latency.
stream ma arry date stamos

Fig. 3 Cc

quent subsection will give a brief |
iled explainations of the TD eleme
for use in production.

% | Q maiin : ~ | Highiignt Al

Match Case  Whole Words 1 0f 4 matches

https://lists.w3.org/Archives/Public/public-wot-

i0/2016Dec/0016.html
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EXAMPLE 3: More Capabilities

"@context": [
"http://w3c.github.io/wot/w3c-wot-td-context.jsonld",
{ "actuator": "http://example.org/actuator#" }
1,
"@type": "Thing",
"name": "MyLEDThing",
"base": "coap://myled.example.com:5683/",
"security": {
"cat": "token:jwt",
"alg": "HS256",
"as": "https://authority-issuing.example.org"
}.
"interactions": [

{

"@type": ["Property","actuator:onOffStatus"l,
"pame": "status",
"outputData": {"valueType": { "type": "boolean" }},
"writable": true,
"links": [{

“href" : "pwr",

"mediaType": "application/exi"

"href" : "http://mytemp.example.com:8088@/status",
"mediaType": "application/json"
H
+
{
"@type": ["Action","actuator:fadeIn"],
“name": "fadeln",
"inputData": {
“valueType": { "type": "integer" },
"actuator:unit": "actuator:ms"
h
“"links": [{
“"href" : "in",
"mediaType": "application/exi"
h
{

"href" : "http://mytemp.example.com:8088/1in",



http://w3c.github.io/wot/current-practices/wot-practices
https://lists.w3.org/Archives/Public/public-wot-ig/2016Dec/0016.html

. WoT ontology 0.0.6

wot:Thing | wotimplements }l wot:Security ‘ wut:{}ummurilmﬁm
(1..1) wotthingName:: String Security (0..N) -
(0..1) wot:baseURI:: String i
| - ---- wotisAccessibleThrough (0..N) ----> i wot:isProvidedOver
wotprovidesinterac g I ot ink Protocaol (F) {1..1)
ticnPattern (0..N) 7 - wotisAccessibleThrough (0..N) - --->!(1..1) wot:href:: String (F) i |
! :_{I._1 ) wot:nasMediaType:: String [F) +--------"
l wot:InteractionP attemn J i~ - - - wotisMeasuredln -------------------------------- > | om:Unit_of_measure |
11..1) wotiinteractionName:: String | | wot-isMeasuredin ‘?‘
N ! ] (0..1) ]
wot:Property R wothasOutputData (1.N) ---------- > wotDataSchema |
1(0..1) wotisWritable:: Boolean (F) . hasinout - - - - - - |(0..1) wot:defaultValue:: Literal
'(0..1) wotisRequired:: Boolean (F) ! wothasinput - »(0.1) wotdefaultval R !
———————————————————————— Data (0.1) ! A .
e | | wot:hasValueType
: | | 0.1
ot [ --------- wot:hasQutputData (1.N) ------ | { i )
| ¥
—{ wot:Event } ---------- wothasOutputData (1.N) ----------------- ; wol:Datalype
Legend:
E Glass L Class For Properties
; \ . i | F: functional
(Card) Attribute whose  (Card) Attribute applicable to , IF: Inverse functional {only OP)
Reused Class domain is the attached class ! the attached class : T: Transitive (only OP)
___object property with domain ; ___ object property applicable to_ L L
subclassOf > and range definitions the attached class > <<Slereotypess- - -»
Ontology: Referenced ontologies:
core: hitp:/iot.linkeddata.es/def/core# om: httpzwww.wurvoc.orgivocabulariesfom-1.8/
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Example

| sensor:Temperature I

’I

A

|

@:
:MyTemperatureThing
TemperatureOutputData

|

i —>

|

1 wot:hasOutput @

E Gsata wot:hasValueType w @

|ex:MyTemperatureThing exitemperature | wot:isAccesibleThrough mg;%z:m%

@ @ sensorunit | om:Unit_of_measure I ’—l. @
wot:thingName wotinteractionName  wot:isWritable f wot:href wot:hasMediaType
| J v ®; v v
“MyTemperature - A oot ot - Ao “coap://mytemp.example.com: B - . L
Thing“xsd:string | temperature xsd.str|ng| I false” " xsd:boolean I sensor:Celsius 5683/temp“Mxsd:string | application/json“*xsd:string

----->
_>

o

@ wot:providesinteraction

Pattern

EXAMPLE 2: Semantic Annotations

{
"@context": ["http://w3c.github.io/wot/w3c-wot-td-context.jsonld",
{ "sensor": "http://example.org/sensors#" }
]r
@"@type": “Thing',
"name": "MyTemperatureThing",
(3)"interactions": [
{
(4)"@type": ["Property","sensor:Temperature"]l,
"name": "temperature",
"sensor:unit": "sensor:Celsius",
@"outputData": {"valueType": { "type": "number" }},
(8)"writable": false,
"1inks": [{
@) href" : "coap://mytemp.example.com:5683/",
@"mediaType": "application/json"
H

}

WoT ontology — Osaka F2F 9



WoT Ontology implementation

Close Live Find Advanced Find
1 @prefix : <http://iot.linkeddata.es/def/wot#> .
2 @prefix dc: <http://purl.org/dc/elements/1.1/> .
3 @prefix vs: <http://www.w3.0rg/2003/06/sw-vocab-status/ns#> .

= Onft. Devel. i i = Ont. Devel. 4 @prefix geo: <http://www.w3.0rg/2003/01/geo/wgs84_pos#> .
= Users 1= Ont. Devel. i = Ont. Devel. = Users 5 @prefix owl: <http://ww.w3.0rg/2002/07/owl#> . Out u t .
= Experts ! | = Experts 6 @prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> . .
el v b - 7 @prefix wot: <http://xmlns.com/wot/@.1/> .
8 @prefix xml: <http://www.w3.org/XML/1998/namespace> . O n to I 0
9 @prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> . g y
10 Bprefix foaf: <http://xmlns.com/foaf/0.1/> .
Ontology 11 @prefix prov: <http://www.w3.org/ns/prové> . C O d e
implementation 12 @prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
13 @prefix vann: <http://purl.org/vocab/vann/> .
\L 14 @prefix saref: <https://w3id.org/saref#> .
15 @prefix dcterms: <http://purl.org/dc/terms/> .
Competency Online . - 16 @base <http://iot.linkeddata.es/def/wot#> .
questions Ontology ontoloay Issue tracker 17
ques . OMIOIOZY 18 <http://iot.linkeddata.es/def/wot#> rdf:type owl:Ontology ;
19 dcterms:creator <http://purl.org/net/mpoveda> ;
20 dc:title "Vicinity model for Web of Things"@en ;
‘,{_— 21 dcterms:creator <http://www.garcia-castro.com/foaf.rdf#me> ;
\@ — 22 vann:preferr ePrefix "wot" ;
23 dcterms:license <http://purl.org/NET/rdflicense/cc-by4.0> ;
24 owl:versionInfo "1.0" ;
25 vann:preferredNamespaceUri "http://iot.linkeddata.es/def/wot" ;
26 2 °
. (http://w3c.github.io/wot/) "¢ O This repository Pull requests Issues Gist A+ @3-
< > @ wot (http://iot.linkeddata.es /def/wot#) o Search... [Faaaaasssss] mariapoveda / wclnlty—ontology—wot 4 Jrstar | 1 Proek | 1
operties —_—
?Annotation Properties x _Individuals by class x| OWLViz x_ DL Query x| OntoGraf x| code x rules x <> Code lssues 4 Pull requests 0 Projects 0 Wiki Pulse Settings
 Active Ontology x | Entities x| Classes x _Object Properties x| Data Properties x
Class hierarchy ‘ Class hierarchy (inferred) | Annotations ‘ Usage ] :;ggzzi/?\i Repository for collaborative edition of the VICINITY module for the Web Of Things domain Edit
Class hierarchy: ThingDescription MEEE § Annotations: ThingDescription CECE] '
'; '=+ | Asserted  $ annomarions D 31 commits. ¥ 1 branch > 1release A2 3 contributors
v @ owl:Thing rdfs:label  [language: en| bies
) CommunicationProtocol Thing description Branch: master~  New pull request Createnewfile  Upload files  Find file
() DataFormat
@ DataType rdfs:comment  [language: en]
- . nkeddata.es/ Ibai itted on GitHub Creat: ts. Latest it 8287000 4 d
H I:Elgllalkepresematlon A digital representation encapsulates a physical object accessible via Web services data.es/def/ K slbarzq comnitisd on Othub Creste requiremant= g siescommibe eeee
osystem N 3
@ Endpoint OnToology/ontology/wot.ttl change title in html 5 days ago
» ) Entity diagrams First draft to published 5 days ago
¥ (0 InteractionPattern
@ Action ontology first release with documentation 5 days ago
: lE"r::;rty Equivalent To tests Create requirements.rq 4 days ago
@ MediaType i B .travis.ym| Create .travis.yml 4 days ago
@ Service SubClass Of
@ describes only Entity [ README.md updated read 2 months ago
ThingEcosystemDescription 0 describes some Entity
) UnitOfMeasure il README.md
) WebResource
. WoTlInterface General class axioms

.

Target for Key

Disjoint With

Disjoint Union OF

Ontology editor

vicinity-ontology-wot

Repository for collaborative edition of the VICINITY module for the Web Of Things domain

To include issues for this domain (that is, things you need this ontology to represent or improve): https://github.com

e P N1 P S TV N S

Tool: GitHub repository

https://github.com/mariapoveda/vicinity-ontology-wot



https://github.com/mariapoveda/vicinity-ontology-wot

WoT ontology publication (so far

http://iot.linkeddata.es/def/wot/

No project dependencies.
Proposal: http://www.w3.org/ns/td#

Output:
Human oriented

documentation

This ontelogy aims to model the Web of Things domain according to the w3c Interest Group (http:/fw3c.github.io/wot))

Ont. Devel. H H Ont. DeVv(
= Users = Ont. Devel. i = Ont.Devel. | = Users
= Experts o | = Experts WoT onto|ogy
This version:
http:/fiot.linkeddata.es/defiwot
Ontology Rev Y
Publication Authors:
Maria Poveda Villalo
\l/ Rall Ga Castro
Download serialization:
Competenc nlin  Format. N Triples ] Format#oFm | Format 1]
pet Y Ontology Online Issue track 4
questions ontology “icense:
E':': Provenance of this page
o -
u O e—
H=r=r=] g =
— Abstract
Table of contents
Close Live Find Advanced Find
16@prefix : <http://iot.linkeddata.es/def/woti> .
2 @prefix dc: <http://purl.org/dc/elements/1.1/> . space declarations
3 @prefix vs: <http://www.w3.0rg/2003/06/sw-vocab-status/ns#> . W
4 @prefix geo: <http://www.w3.0rg/2003/01/geo/wgs84_pos#> . tion

5 @prefix owl: <http://www.w3.org/2002/07/owl#> . \ce for WeT classes, properti
6 Bprefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> . O 35

7 prefix wot: <http://xnlns. conuot/0.1/> - ntolo CoQe ‘how

8 @prefix xml: <http://www.w3.org/XML/1998/namespace> . ‘Properties
9 @prefix xsd: <http://www.w3.0rg/2001/XMLSchena#> . ‘roperties
10 Pprefix foaf: <http://xmlns.com/foaf/@.1/> .

11 @prefix <http: //wew.w3.org/ns/provi> . ments

12 @prefix <http://wew.w3.0rg/2000/01/rdf -schema#> .
13 @prefix vann: <http://purl.org/vocab/vann/> .

14 @prefix saref: <https://w3id.org/saref#> .

15 @prefix dcterms: <http://purl.org/dc/terms/> .

16 @base <http://iot.linkeddata.es/def/wot#> .

o model the Web of Things d

18 <http://iot.linkeddata.es/def/wot#> rdf:type owl:Ontology ;
dcterms:creator <http://purl.org/net/mpoveda> ;

ze dc:title "Vicinity model for Web of Things"@en ; .
2 dcterms:creator drttp://m.gurcia-castm.cm/fonf.rdflmb ¥ %
2 vann:preferredNamespacePrefix “wot” ;

23 dcterms:license <http: //purl org/NET/rdflicense/cc-by4.@> ;

24 owl:versionInfo "1.0"

25 vann:| preferreuﬂmespaceur\ "http://iot.linkeddata.es/def/wot" ;

26 rdfs:comment "This ontology aims to model the Web of Things domain according to the w3c Interest Group

- (http://w3c.github.io/wot/)"@en ;
27 dc:publisher <http://www.oeg-upm.net/> .
28

29

30# Annotation properties

31 -
- Output:

33 ### http://www.w3.0rg/2003/06/sw-vocab-status/ns#term_status

%vs:tem_smtus rdf :type owl:AnnotationProperty . M ac h I n e
oriented code

37
38#  Object Properties
39

40
41 ### http://iot.linkeddata.es/def/wot#describes
42 <http://iot.linkeddata.es/def/wot#describes> rdf:type owl:ObjectProperty ;
owl:inverseOf <http://iot.linkeddata.es/def/wot#isDescribedBy> ;
44 rdfs:label "describesThing"@en .
ac
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2. WoT: Overview

Classes
|%Qn_ummmm_a_vm M%MMMMMM‘
nige Thing description _Thing ecosysiem descripion ViriualEntty  Web of Thing inferiace — WebFesource

Object Properties

gescribesThing  hasComponent  hasinputOata nasOutputData www‘

isMeasuredin  providedBy _ providesinteractionPatier

Data Properties
Gomll ipene webben o weretes bl et sa |
3. WoT: Description T

Figs 1 grokien 8 genrsl ceriow ol e curart moue of the WaT ontalogy. It is worth nating that some elements might be delete and the model s not final s some aspects of the WoT current
iclices have not been addressed yel, like the security aspects.
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http://iot.linkeddata.es/def/wot/

Issue tracker

= Ont.Devel. i = Ont.Devel. | . .
= Users = Ont.Devel. = Ont.Devel. = Users w T I . G tH b t k
1 H -
: e e ool: GitHub issue tracker
Ontology
maintenance
. y " &
This repository Pull requests Issues Gist l +~ ' ad
mariapoveda / vicinity-ontology-wot @unwatch~ 4 drstar 1 YFork 1
Code @ lIssues 4 Pull requests 0 Projects © Wiki Pulse Graphs g ) L
mariapoveda / vicinity-ontology-wot @ uUnwatch~ 4 e Star 1 YFork 1
= e a . Code @ Issues a Pull requests 0 Projects 0 wiki Pulse Graphs Settings
Filters = is:issue is:open Labels Milestones
WoT1 terminology doubt #4 IR ow e |
® 4 0pen v 0 Closed Author = Labe|s Milestone: mariapoveda opened this issue on Nov 29, 2016 - 1 comment
~I (0 WoT5 and relation with Thing
. i » edi [ Assi
#5 opened on Nov 29, 2016 by mariapoveda “ mariapoveda commented on Nov 29, 2016 » edited wner ssignees
No one—assign yourself
R . " i ing i i o
| WoT1 termmnlogy doubt WoT1 "What is a thing in the web thing context?
#4 opened on Nov 29, 2016 by mariapoveda Considering that the description refers to physical and virtual entities (The abstract concept of a Labels
physical entity that can either be a real-world artifact, such as a device, or a virtual entity that None yet
B ) WoT15 represents physicality, such as a room or group of devices) could the concept be named "Entity"?
- Just to avoid confusion with owl:Thing Projects
#2 opened on Nov 28, 2016 by mariapoveda
@fserena what do you think? None yet
@ WeTn
#1 opened on Nov 28, 2016 by mariapoveda - Milestene
fserena commented on Nov 29, 2016 No milestone
? prg'rip! Exclude your own issues with _au(hgr;mariapgveda. I think "Entity" fits that definition, even though it might be also confusing to use such term instead of Notifications
Thing, which in this context (loT) is the main one. Anyway, | don't mind to use any of them.
4 Unsubscribe
You're receiving notifications
*] B mariapoveda added a commit that referenced this issue 8 days ago because you authored the thread.
B update for sprint #4 ..
@® 2017 GitHub, Inc. Terms Privacy Security Status Help Contact GitHub Al 2 participants

5
%] B mariapoveda added a commit that referenced this issue 7 days ago

I [ version 1 sprint #4 ..

n Write  Preview M~ B i Ko

{2 Lock conversation

“-@R
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https://github.com/mariapoveda/vicinity-ontology-wot

. WoT evolution

= Done
o Remove

» Physical thing, Virtual thing, Relative endpoint, Thing
description ecosystem (VICINITY concept),

o Rename

« Data schema (data format), Link (endpoint),
o Add

« Security (not described yet)
o Changed model

» Default value (Property - DataSchema), Media type (concept
—> datatype), added cardinalities

= Next steps: Currently discussing
o Need of communication protocol?
o Model types?
o Coupling IG JSON model with ontology conceptual model?
« Rename properties?
» Not following OE good practices vs space reducing in TD?
o Security

WoT ontology — Osaka F2F



. Questions?

Thanks for you attention

WoT ontology — Osaka F2F
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