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Context and Motivation

Data Marketplace

“Digital marketplaces are platforms that connect providers and consumers of data sets
and data streams, ensuring high quality, consistency, and security.”*

Platform/

a

( access )

Application/
Service

Service

Provider:
register offerings

(U

Description

BIG loT Marketplace

Query

\/i

Consumer:

)

discover and subscribe to
offerings

* J. Deichmann et al. Creating a Successful Internet of Things Data Marketplace. McKinsey Quarterly 10/2016.
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Context and Motivation
Semantic Models and Categorization

Two-fold purpose of the models:

e Categorize offerings

[ B
{B
"latitude":48.2517561098094,
"longitude™:11.637541693635,
"freeSpots":67, \
"dt":1485789600
}
]
[ B
{B
"city_i1d":12345,
"temp":268.987,

"temp_min":268.987,
"temp_max" :268.987 |

]
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Context and Motivation
Semantic Models and Interoperability

Two-fold purpose of the models:
e Categorize offerings

* Describe data (— enable interoperability)

[ B [ B
{B® {B
"latitude":48.2517561098094, Troeation” [ O
"longitude":11.637541693635, 48.2517561098094, /
"freeSpots":67, | 11.6375416934R35
"dt":1485789600 1, /‘
} "numFree":67, —
] "timestamp":"2018-06-06T09:00:00+00:00"
}
1
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Context and Motivation

Ontology, Knowledge Graph m

o Ontology

o “formal, explicit specification of a shared conceptualization” *,

o “formalized vocabularies of terms, often covering a specific domain and shared by a community of users. They
specify the definitions of terms by describing their relationships with other terms in the ontology” **.

o Knowledge graph
o graph-structured knowledge base in RDF (Resource Description Framework) format.

o Both models (= ontologies) and offering descriptions/queries are stored in an RDF triple store as a
knowledge graph.

* R. Studer et al. Knowledge Engineering: Principles and Methods. Data & Knowledge Engineering, 25(1-2) (1998): 161-198.
** W3C OWL Working Group. OWL 2 Web Ontology Language Document Overview. 2009.

CR/AEX3 | 2018-06-06 @ BOSCH



Context and Motivation
Modeling: Example (simplified)

schema:Text

[ B

{8
"latitude":48.2517561098094,
"longitude":11.637541693635,
"freeSpots":67,

"dt":1485789600

schema:Text

;\&Gf’asicData

schema:Text

e
co’ &2

core:rdfAnnotation

/

mobility:ParkingSite

mobility:numberOfVacantSpaces

schema:Number

Moy ;).
U . /OCat°

A 4

schema:GeoCoordinates

8
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Context and Motivation
Offering Description s

"latitude":48.2517561098094,
"longitude":11.637541693635,
i "freeSpots":67,

providerId: "Parking Provider" dt":1485789600

name: "ParkingSite Information" }
category: "bigiot:Parking" ]
subcategory: "bigiot:ParkingSite"
outputData: |
{name: "longitude", rdfAnnotation: "schema:longitude"}
{name: "latitude", rdfAnnotation: "schema:latitude"}
{name: "freeSpots", rdfAnnotation: "mobility:numberOfVacantSpaces"}
{name: "dt", rdfAnnotation: "dbp:Unix-time"}

]
endpoints: { uri: "http://bigiot/access/parkinginfo", type: "HTTP GET"}

licenseType: "OPEN DATA LICENSE"

price: { money: {amount: 0.002000, currency: "EUR"}, accountingModel: "PER ACCESS"}
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Problem Statement
Offering Creation

® @ 38 BGloT Portal x €
< C' @ Secure https://market.big-iot.org/provider/TestOrg-TestProv/newOffering w B (‘)

[ B
{B
"address":"Plaza de Pio Baroja, 48001 Bilbao",
"freeSpots":50,
"totalSpots":100

<" New Offering

Offering Name

ParkingSite_Information

Region

Bilbao, Spain
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My Offerings % 27 Sy Omarkang <
¢ 3 ¥ ') 3 -
O X ; “d » Bilbdo La'Vieja'y -
My Consumers tainet Vo oy -g‘ny g A pAS /4
\ztaineta . A \ \ /7 8
y A Alonsotegi® 1,‘6"“/\ & Etxej )a[(! »
Saratxo A 7 A"y Iturrigorri- T ’ N
Yulia Svetashova o Satsscsl ol S S o
. ; 10" y = i y B
svetashova.job@gmail.com 5 A Mg Basauri 3109"
S / 4 bt s ) 110, arncill
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Problem Statement
Specifying the Output

Category [ E]
Mobility Feature- urn:big-iot:MobilityFeatureCategory - { E]
"address"]: "Plaza de Pio Baroja, 48001 Bilbao",
Parking- urn:big-iot:ParkingCategory X - "
freeSpots": 50,
Parking Site- urn:big-iot:ParkingSiteCategory X v " tOta].SPDtS" :100
oﬁ:eri n gS Allow proposals
. : Output Type:
Organizations SR YRR
address
I* address- http://schema.org/address -
address- http://schema.org/address
prediction time stamp- http://schema.big-iot.org/mobility/predictionTimeStamp
TEStO rg has parking space or group identifier- htrp://schema,bt;g-iot.org/mobiifry/hasParkingSpaceOrGrouploI
My Providers postalCode- http://schema.org/postalCode
My Offerings _
postOfficeBoxNumber- http://schema.org/postOfficeBoxNumber
My Consumers
TR
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Problem Statement
Missing Model Elements

Output Types
address [ B
address- http://schema.org/address - { &)
o % "address":"Plaza de Pio Baroja, 48001 Bilbao",
"freeSpots":50,
Output Types
"totalSpots™) 100
freeSpots
number of vacant parking spaces- http://schema.big-iot.org/mobility/numberOfVacantParkingSpaces }
; ]
Offerings @ x
Organizations Output Types
Name
| a
addressRegion- http.//schema.org/addressRegion I
streetAddress- http://schema.org/streetAddress
TestOrg
TPEG geometric area- htip.//schema.big-iot.org/mobility/tpegGeometricArea
My Providers
. to- http://schema.big-iot.org/mobility/to
My Offerings
addressCountry- http://schema.org/addressCountry
My Consumers
CR/AEX3 | 2018-06-06 A
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Problem Statement
Missing Concept

Allow proposals
Output Types
address
address- http://schema.org/address v

& %

Output Types
Oﬁ:e ri ngS freeSpots

O rga nizations number of vacant parking spaces- http://schema.big-iot.org/mobility/numberOfVacantParkingSpaces

g X

Output Types

Na

totalSpots

TestOrg

. Proposed: totalSpots
My Providers
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Problem Statement
Challenges

o A new, suggested concept is not machine-understandable:
o it lacks a precise characterization of its

— meaning,
— returned value type,

— unit of measurement (for sensor data);
o it has no links to other model elements;
o it can reflect a very different approach to the modeling
of the phenomenon.
o The suggested concept can be ambiguous or a duplicate,
and further communication with a data provider
might be needed to incorporate it into the model.

o Scalability of the approach need to be ensured.
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Approach

Modeling Patterns

e

Initial broad categorization of a model element and a set of prototypical relations in the enclosing model.

[ &

{8
"latitude":48.2517561098094,
"longitude":11.637541693635,
"freeSpots":67,
"dt":1485789600

}

]

2

b«

w
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spatial

sensor

temporal

Cf.: “ontology design patterns” [Gangemy, Presutti 2009], [Jupp et al. 2012],
“geo-ontology design patterns” [Janowicz 2012], “ontology alignment design patters” [Scharffe 2014].
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Approach
Sensor Pattern - I, SOSA [ B

{B
"address":"Plaza de Pio Baroja, 48001 Bilbao",

Sensor, Observation, Sample, and Actuator "freeSpots":50,
design pattern* "totalSpots":100

Platform |€---=-—-—o_____ ]
isHostedBy TTee—al

S~y hosts
isObservedBy observes
"""""""""""""" *[ ObservableProperty ] mobillity:numberOfVacantSpaces
> usedProcedure madeBySensor] ,‘
~ 1 /
S ’ L
‘~_5____ . .~ observedProperty
- o ~. R ,/ » - -
’ -
./ madeObservation T
xsd:dateTime ————————--zz==- mmrmmszsos T FeatureOfinterest
resultTime .-~ isFeature OfinterestOf hasFeatureOfinterest
’
A ) ae 1+ isResultOf
[ time:TemporalEntity [4---"~ . 1
phenomenonTime : A
1 T~ -~ o . .
hasSimpleResult S~ 0
asSimpleResult y “~<____ hasResul mobility:ParkingSite
rdfs:Literal T
schema:Number

* A. Haller at al., Semantic Sensor Network Ontology. W3C Recommendation. W3C. https://www.w3.org/TR/vocab-ssn/.
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Approach
Pattern — Annotation Graph

<

[ B
{B
"address":"Plaza de Pio Baroja, 48001 Bilbao",
"freeSpots":50,
"totalSpots":100
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Approach
Annotation Graph — User Interface Forms

[
{8
"address":"Plaza de Pio Baroja, 48001 Bilbao",
|'freeSpots":50, |
"totalSpots":100

}

Select pattern ((‘ & '®

<Output/Parking_Info/03> m
' ite?
sosa‘hasFeatureOfinterest ?Feature . Does the proposed output data relate to a Parking Site”~

<Output/Parking_Info/03>
sosa:observedProperty ?Property .

<Output/Parking_Info/03> Is it a numeric value? m

sosa:hasResult [ rdf:type ?Type] .

Which property of a Parking Site is being measured? TotalNumberOfSpaces
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Approach
Structured Annotations m

<Output/Parking/03>

proposed:TotalNumberOfSpaces
core:rdfAnnotation [
rd:typeof ssn:Property, sosa:ObservableProperty; sosa:hasFeatureOfinterest mobility:ParkingSite;
ssn:isPropertyOf mobility:ParkingSite . sosa:observedProperty proposed:TotalNumberOfSpaces ;
sosa:hasSimpleResult rdfs:Literal];

core:name “totalSpots” .

— Mobility model — Offerings’ metadata graph
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Benefits

o The approach

o assures a more coherent and less ambiguous description of a proposed
concept;

o allows to contextualize a concept: to place it closely to the semantically
related concepts;

o reduces the risk of concept duplication and unconventional naming.
o The resulting structured descriptions

o are machine-processable and partially machine-understandable;

o can be shared with others as linked data;

o are easier understood by data consumers and validated by ontology
engineers.
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THANK
YOU

Marketplace: https://market.big-iot.org

Project website: http://big-iot.eu

Semantic models:
http://schema.big-iot.org/core/docs/schemas.html
http://schema.big-iot.org/mobility/docs/schemas.html
http://schema.big-iot.org/environment/docs/schemas.html

Contact:
vulia.svetashova@de.bosch.com
Yulia Svetashova
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Appendix I: Approach
Relations

W3C: Ontologies “specify the definitions of terms by describing their relationships with other terms”

J. F. Sowa: Ontology is a “tightly interconnected collection of signs”

F. De Saussure: syntagmatic (co-occurence) and paradigmatic (similarity) relations

sosa:FeatureOfinterest sosa:ObservableProperty schema:unitCode

obility:speed om:kilometre per_hour

schema:Car obility:intakeMAP qudt:KiloPascalAbsolute
schema:Car obility:intakeAirTemperature | om:DegreeCelsius
schema:City environment:temperature om:DegreeCelsius,

om:DegreeFahrenheit
schema:City environment:humidity om:percent
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Appendix Il: Approach A=
Sensor Pattern - I, SOSA te

"city_id":12345,
"temp":268.987,
"temp_min":268.987,
"temp_max":268.987

Platform S — = e ]
isHostedBy Tee-al

\\hosts
isObservedBy observes
--------------------------- »{ ObservaleProperty
 usedProcedure madeBySensord :i
N ] ’ .
/ dose environment:temperature
__‘_‘_\\ /, -//
~ 4 -
*.! madeObservation =T
xsd:dateTime ————-—---——z==- S L FeatureOfinterest ]
resultTime .-~ isFeatureOfinterestOf hasFeatureOfinterest
]
- - -7 1+ isResultOf
[ time:TemporalEntity [4---"~ [N
phenomenonTime : AN
1 AR
hasSimpleResult S
P v Te-a hasResult
rdfs:Literal | 00 TTT---
schema:Number .
qudt:unit )
A 7
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