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WHY DATA MARKETPLACES?
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The Value of Data

UBER

AirBnB: the world’s largest accommodation provider owns
airbnb

no real estate

Alibaba Croup  Alibaba: the most valuable retailer has no inventory
PIEEEESEA

Uber: the world’s largest taxy company owns no vehicles

Facebook:the world’s most popular media owner creates
no content

Logos from the company websites 3
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The Value of Data

Data becomes the foundation of enterprise business models

“Internally” used to
improve and develop
new products and
services

Giving data away to
external partners or
customers

Data Trading

Data Utilization

Data Ownership

Gathered from or crated by
product and service users
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The Problem of Trading Enterprise Data

Proprietary data exchange policies

Must be implemented by each business partner

Restrictive compliance policies

No common set of supported tools
Lack of data registries with wide industry support

Partners must know in advance what data exists and who it
provides
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The Problem of Trading Enterprise Data (2)

Security Concerns

Ensure trust between parties

Data Sovereignty

Make sure date is used in a specified way
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The Vision of a Data Marketplace

Describe data you have to provide
What it is about
Define who and how to access it
Technical (protocols)
Organizational (access and usage control)
Economical (legal, pricing)

Describe data you want to purchase

Data Market takes care of the rest: connects data providers and
customers
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The Challenge

Define an Information Model to describe multiple aspects of data
market places

Data offers

Topic, usage policies, prices,...
Data Services and Apps

Used algorithms, protocols,...
Infrastructure

Security capabilities, operator,...
Participants

Parties that exchange data, their roles, organization...
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The Challenge

The model should be

Human readable

Easy formulation of queries
Machine-processable

Drive search and retrieval use cases
Technology agnostic

No vendor lock-in
Extendable

Support future use cases
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MARKETPLACE APPROACHES
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Industrial Data Space (IDS)
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SDIL Data Catalog

“ Provided by Fraunhofer IAIS.EIS
First Version currently rolled out

. ENTERPRISE
W Uses parts of the IDS Information Model to DATA MARKET

describe datasets
W Compatible with IDS Architecture
w In future act as an IDS Connector
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SEMANTIC TECHNOLOGIES
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What problems does it solve us?

Common and standardized description of not only Data and Apps
but all aspects of a Data Marketplace

Allowsreuse of existing information models
Machine readability improvessearch and enables advanced queries

Basis for advanced functionality (e.g., security, usage control)

2 Broker/

‘ Data Merging ‘ App Execution ‘
Connector
‘ Filtering /—-‘—-Aw ‘
1 Registry .
(4] Description Usage Data Store o
ar Data & A|
Data & App Registry & Metadata ‘ Menitoring e
Provider Consumer
Data Ingestion, Harmonisation ‘ App Store
3 Operatiol ‘ Clearing ‘ ‘ Participant Management
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Data Integration with Semantics

= Build a knowledge graph to describe things and their relations
w Triple-based form

Predicate

@ All triple elements are URLs

dbp:DHL_International_GmbH  _J{EREE 2 "DHL International GmbH"A"xsd:string

dbo mdustry ” T
ex: headquarters Logistik" @de

_—
dfs:label
dbp:Logistics 15710

rdfs:label

‘\ rdf:value "162.5"Mxsd:decimal

gn: Iocatedln
ex.unlt

-
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ex: helght

15

\



Data Integration with Semantics (2)

Triple elements can beresolved
Can and should be reused
Relations now have a meaning (semantics)

We gain acommon understanding of their meaning and the
resources that are described

— | hitp://xmlns.com/foaf/0.1/name “A name for some thing.”

dbp:DHL_International_GmbH —@b "DHL International GmbH"Axsd:string

| ™~ http://www.geonames.org/ontol
S i _PEEEETE | ogy#locatedin
dbpilogistics bl ” . .
_— "| “Indicates that the subject

dbp:Post_Tower

| Pz | resource is located in the object
ex:height ”
srlogres == g 1625 d:decimal feature

ex:unit

A 16
dbp:Bonn
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Data Integration with Semantics (3)

Shared understanding
Meaning of data is clear to humansand machines

Existing models and knowledge for various domains, e.g.,
People and their relations, Organizations
Business Processes

Policies

Easy to integrate and combine knowledge graphs
Query multiple data sources “at once”
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A SEMANTIC INFORMATION
MODEL FOR THE IDS
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A Semantic Information Model for Data
Marketplaces

abstract Visual, high-level
notation

Conceptual Model

(ER, UML) _

Industrial Data Space
Vocabulary

Descriptive Model
(RDF/OWL)

Shared API library

Programmatic Model
(Java, Python, etc.)

concrete

descriptive executable
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A Semantic Information Model for Data
Marketplaces — Conceptual Level

Information Model of the Industrial Data Space

provides

[ operates l exposes l
Participant Infrastructure DataService Data
T hosts j processes
uses
consumes
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A Semantic Information Model for Data
Marketplaces — Conceptual Level (2)

Description of a Service that offers data

; Data Asset  [H—OH Data Endpoint  fH— Protocol
: Binding
Usage ..
Policy T 1 Pricing
Connector Publication
Provenance
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A Semantic Information Model for Data
Marketplaces

abstract Visual, high-level
notation

Conceptual Model
(ER, UML) _
Industrial Data Space
Vocabulary

Descriptive Model
(RDF/OWL)

Shared API library

Programmatic Model
(Java, Python, etc.)

concrete

descriptive executable
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A Semantic Information Model for Data

Marketplaces — Descriptive Level

B The Organization Ontology (ORG)

A core ontology for organizational structures

W3Crecommendation

reportsTo

foaf:Agent

T

hasMembir |

headOf {subsets memberOf}

memberOf

% {disjoint}

linkedTo

_—

member
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a 3
o a
g 3
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E hasMenfber
Rol role - hi
e M p
L resultedFrom
ChangeEvent
o
e
changedB resultingOrganigatior]
r . I
= orlgma\OrganlzaLlo;\\
=
\l/ organization
hasPost postin
Post
purpose
rdfs:Literal
identifier

Organization

. location
xsd:String

foaf:Person

foaf:Group

hasSubOrganization 1
:I 3
n
subOrganizationOf ¥
siteOf hasSite
| >siteOF hasPrimarySite {subsets hasSite} < | Site
siteOf hasRegisteredSite {subsets hasSite}

unitOf

skos:Concept

classification

fa T‘ hasUnit; ’
Or izati

IUnit

ak

FormalOrganization

Or

ation

siteAddress

rdf:Resource
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https://www.w3.org/TR/vocab-org/

A Semantic Information Model for Data
Marketplaces — Descriptive Level (2)

B Open Digital Rights Language

-

| Action
(O D RL) { [e.g..fsell}
. . permission sation

support traditional rights o R+l I G

expressions for commercial (©.9. Request (6.9. Permission)

transaction, open access - | o fmcten

. . . > Party
expressions for publicly v ouput

"{ (e.q., Individual)

distributed content, and Raset I

privacy expressions for Constraint
social media

operator rightOperand
(e.q., elapsedTime)

¥ ¥

Operator
(e.g. eq)
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A Semantic Information Model for Data
Marketplaces — Descriptive Level (3)

Classes

ids:Connector rdfs:subClassOf
ids:InfrastructureComponent;

a owl:Class;

rdfs:label "Connector"(@en ;

rdfs:comment "Connector for
hosting data services."@en;

ids:validation |
owl :onProperty ids:provides;
valid:relationType
"@0OneToMany";

1.

Properties

ids:provides a owl:0ObjectProperty;

rdfs:domain ids:Connector;
rdfs: range ids:DatakEndpoint;
rdfs:label "provides"@en;
rdfs:comment "The DataEndpoints

provided by a Connector."@en.

ids:securityProfile a
owl :ObjectProperty;

rdfs:domain ids:Connector;
rdfs:range ids:SecurityProfile;
rdfs:label "securityProfile"@en;
rdfs:comment "The SecurityProfile

supported by the Connector."(en.
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A Semantic Information Model for Data

Marketplaces

abstract Visual, high-level
notation
Conceptual Model
(ER, UML) )
Industrial Data Space
Vocabulary
Descriptive Model
(RDF/OWL)
Shared API library
Programmatic Model
(Java, Python, etc.)
concrete
descriptive executable
26
Dr. Christian Mader - Establishing Data Marketplaces based on Semantic Technologies —-—

~ Fraunhofer

1AIS



A Semantic Information Model for Data
Marketplaces — Programmatic Level

B Participantsshould describe their assets as Linked Data using the IDS
Information Model, e.qg.,

Connectors
Usage Policies
Services

Data Assets

Apps
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A Semantic Information Model for Data
Marketplaces — Programmatic Level (2)

B Different ways of creating these descriptions:
Directly: using plain-text (editor, RDF syntax checker)
Tool-supported: e.g., Protege, TopBraid, VoCol
Programmatically: using RDF libraries (e.g., Jena, RDF4J)

® Valid solutions, but
require knowledge of RDF of any IDS participant
teaching RDF does not scale for a high number of participants
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A Semantic Information Model for Data
Marketplaces - Programmatic Level (3)
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A Semantic Information Model for Data
Marketplaces — Programmatic Level (4)

B Automaticgeneration fromthe descriptive model:
Java Libraries
Artifacts: sources (RDF + Java classes), binaries, documentation

(javadoc, class diagram) and tests (+source for additional
documentation of usage)

Class diagram of the model (previousslide)

Other Documentation
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A Semantic Information Model for Data
Marketplaces - Programmatic Level (5)

B Connector connector = new ConnectorBuilder (new
URL ("http://example.org/companyA/connector"))
.operator (participant.getId())
.maintainer (participant.getId())
.owner (participant.getId())
.generationActivity (creationActivity)
.lifecycleActivities (Arrays.aslList (creationActivity))
.entityNames (Arrays.asList (new
PlainLiteral (,,Connector")))
.entityDescriptions (Arrays.asList ( (new
PlainLiteral (,,IDS Connector for classified business
data.", "en"))))

Louild() ;
B connector. toRdf ()

31

Dr. Christian Mader - Establishing Data Marketplaces based on Semantic Technologies

\

~ Fraunhofer

1AIS



A Semantic Information Model for Data
Marketplaces - Programmatic Level (6)

http://companyA.com/IDS/connectorl a ids:Connector ;
ids:entityName |
a skos:Collection ;
skos:member "Official IDS Connector of companyA"(@en]

ids:operator
<http://industrialdataspace.org/participants/companyA> ;

ids:owner
<http://industrialdataspace.org/participants/companyA>

ids:provides [ a
skos:Collection;

skos:member
<http://industrialdataspace.org/connectorl/endpointl>

1
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MODEL APPLICATIONS

33

Dr. Christian Mader - Establishing Data Marketplaces based on Semantic Technologies

\

~ Fraunhofer

1AIS



Industrial Data Space (IDS)

Installable components available for association members
Connector, Broker, App Store

=

~ Fraunhofer

Central element: IDS Information Model
Reference Architecture Document
Under Apache 2.0 license
Developed on GitHub
https:/github.com/IndustrialDataSpace
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https://github.com/IndustrialDataSpace/InformationModel

Conclusions

Benefits of a Semantic Data Model

Builds a common human-readable and machine-processable
understanding of a Data Marketplace

Data and Apps

Infrastructure and Participants
Easy adoption of existing models
Extensible for future requirements
Usable also by non-RDF experts
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Thank You!

@ Dr. Christian Mader

B christian.mader@iais.fraunhofer.de

®  Fraunhofer IAIS.EIS

B https://www.iais.fraunhofer.de/de/institut/abteilungen/enterprise-
information-systems.html

“ Industrial Data Space
B http://www.industrialdataspace.org/
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