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INTRODUCTION

Chapters 1 through 8 of this document describe the purpose, design drivers, use cases, provided
capabilities, logical function sequences, components and interfaces of the IT2Rail Interoperability
Framework.

Chapter 9 documents the implementation of the core release (CREL) features of the design,
namely:

1. The IT2Rail rdf-framework foundation framework for processing data expressed in the
Resource Descriptor Framework (RDF) language, semantically annotated with terms
described in the domain’s ontology, the latter written in the Ontology Web Language
(OWL). The framework provides additionally connectivity to distributed triple stores,
including the IT2Rail triple store that implements the Ontology Repository, containing the
OWL ontology, and the Semantic Web Service Registry containing service descriptors also
represented as RDF statements.

2. The Semantic Graph Manager component of the design, based on the IT2Rail rdf
framework, which provides semantic data discovery, query an aggregation over linked,
distributed triple stores.

3. The Location Resolver service of the design, which uses the Semantic Graph Manager to
provide “packaged” data discovery, query and aggregation about transport “infrastructures”
such as Airports, Bus Stops, etc.

4. The Travel Expert Resolver service, which uses the Semantic Graph Manager to provide
“packaged” service discovery from the Semantic Web Service Registry can generate Offer
Items for a given Route during the Shopping process.

The content of related Work Packages with the IT2Rail project is not detailed in this document:
readers are referred to the documents listed in the Referenced Documents chapter of this
document.

All terms and acronyms are defined in the IT2Rail glossary.
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2. PRINCIPLES AND PURPOSE

In order to make rail travel across Europe attractive the rail system must be perceived and used by
Customers as a natural extension of the increasingly digital environment in which they live, work
and operate, i.e. an environment in which they live a fulfilling experience.

Such a digital environment is constituted of a multitude of networked, distributed heterogeneous
devices systems and applications that cannot be assumed to be under the control of any one
specific organization, and that join and leave the environment dynamically, e.g. according to
prevailing market and other conditions.

The purpose of the Interoperability Framework is twofold:

1. To provide the cost-effective technical means that allow participant devices, systems and
applications to interoperate in the sense that will be specified below

2. While significantly reducing and potentially eliminating the need for centrally directed and
coordinated adoption of centralized platforms or single standards.

While the first requirement is inherent to the customer experience ‘environment’ being distributed
and heterogeneous and can be solved with multiple architectures, the second applies a critical
business constraint on the solution that must be met for its effective adoption by market operators.
This constraint determines the particular design of the Interoperability Framework documented in
this paper.

Interoperability refers to the ability devices or systems to participate in the coordinated
performance of tasks and functions in the execution of some business process, in which
exchanging data is a simple means, but not the purpose of interoperability itself. In fact,
interoperability is predicated on the partners involved in the exchange of the data agreeing on the
computational model that is applicable to such data and in processing them accordingly, i.e.
according to some shared logical interpretation of what the data mean and what can be
meaningfully be done with them.

2.1 SEMANTIC INTEROPERABILITY

While data can be harmonized syntactically to some common format, which is the approach of
‘data formats standardization’, distributed heterogeneous systems are prevented from
interoperating by semantic heterogeneity, which can be described as follows:

“In current database systems most of the data semantics reside in the applications rather than in the
DBMS. Moreover, data semantics are often not represented directly in the application code, but rather
in the assumptions which the application--or, more correctly, the programmer--makes about the data.
This situation is tolerated in local database environments largely because the local applications work
with a shared set of assumptions. However, serious problems are likely to occur during a database
integration--or federation [...]--effort because sets of local assumptions clash and local applications do
not have access to the semantics represented in the “foreign" applications. This is the semantic
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heterogeneity problem. When semantic information that is hidden in applications is made explicit and

accessible through the database then the semantic problem becomes a much more tractable syntactic
1”

problem [...].

While the quotation refers to database system, it actually describes a situation applicable to any
application, namely the fact that some fundamental assumptions underpin efforts at making
them interoperable, and that these assumptions are held implicitly, often informally, and can
only be controlled where some form of local sharing of these assumptions can be established,
e.g. within a single organization such as a single company or even a large association or public
authority. Where these underlying assumptions remain out of reach of machines and
automation, the fundamental obstacle to interoperability becomes by far the cost of the “local
sharing”, including the costs of participation in the controlling organization, the cost of the
organization itself, the cost of evolution, etc.

The design of the Interoperability Framework addresses these issues through the creation of an
explicit, formal, shareable, machine-readable and computable description of the computational
model associated with data descriptions and exchanges in order to allow a higher degree of
automation of distributed processes across multiple data formats and spanning unspecified
actors. We define this approach semantic interoperability and we describe it in more detail in the
rest of this paper.

2.2 DESIGN DRIVERS

The Interoperability design follows broad common design for quality guidelines established across
the It2Rail project and managed by the project’s Technical Coordination.

However, some specific design drivers apply to the Interoperability Framework, and in particular in
addressing the following engineering challenges:

¢ the creation of a shared domain ontology, i.e. of an explicit, formal, shareable, machine-
readable and computable description of the computational model associated with data
descriptions and exchanges in order to allow a higher degree of automation of distributed
processes across multiple data formats and protocols, spanning unspecified actors.

e the provision of a set of semantic interoperability services that can be deployed in multiple
architectures and configurations, and that do not mandate a specific set of communication
protocols or frameworks, leaving the choice of deployment strategies to partners that may
opt to re-use a shared enterprise service bus, perhaps on a virtual private network
protected by specific security and authentication protocols, or decide to engage in pure
peer-to-peer exchanges over the public world wide web, or a mixture of these or other
options. This is also important to allow operators, including yet unknown companies who
are not partners in an “integration project”, to choose their own roadmap for adoption of the

! Ventrone, V., & Heiler, S. Semantic Heterogeneity as a Result of Domain Evolution. SIGMOD RECORD, 20, 4: pp.
16.20, 1991
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‘native’ semantic language for their exchanges, using or discontinuing the semantic
transformation services according to their own timeline.

In particular, the design of the IF is conducted so as to:

Concentrate efforts on research and innovation topics, particularly on semantic
technologies for interoperability. For this reason design is geared towards leveraging to the
maximum existing open source platforms, frameworks and tooling for ordinary functions
and capabilities such as triple stores, web servers and web services frameworks,
repositories, workflow managers, etc.

Allow for multiple implementation and deployment options of the logical functions and
interfaces. In this respect, the component structure and the allocation of functions to these
components in this document should be intended to illustrate the specific implementation
chosen for the IT2Rail demonstration scenario.

Exchange Items, i.e. elements exchanged at the interface, describe concepts and
relationships, i.e. the IT2Rail ontology as it is provided and consumed at interfaces.

The design of the Interoperability Framework is model driven, and integrated with other
components of the IT2Rail project in the same model stored in the modelling tool “Capella”.
Diagrams in this document are extracted from the model.

The Capella model is the fundamental specification of the design: this document is an
illustration of the fundamental elements of the model.

3. OPERATIONAL SCENARIO

3.1 ACTORS AND CONTEXT

3.1.1 Actors

The Interoperability Framework is technical enabler and as such it does not interact directly with
Passengers or Customers.

It is however involved in interactions with the following Actors

Travel Shopping is a logical component in the IT2Rail eco-system involved in the
realization of the “Manage Mobility and travel rights delivery” Use Case. The IF provides
Resolve Locations, Resolve Travel Expert and Mediate Travel Expert Invocation
capabilities to this Actor in the execution of the Use Case.

Trip Tracker is a logical component in the IT2Rail eco-system involved in the realization of
the “Track ltinerary” Use Case. The IF provides the Resolve Events Source capability to
this Actor in the execution of the Use Case.

Transport Service Provider is an Actor that publishes and provides resources such as
data and web service descriptors that the IF uses to build the distributed semantic web of
transportation data.
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e Travel Event Provider is an Actor that exposes services describing travel events, such as
delays or cancellations. The IF provides capabilities to discover these services and publish
their descriptors.

e Offer Provider is an Actor that generates mobility service offers in the execution of a
shopping process instance. The IF provides capability to broker the request of these offers
from Travel Shopping to Offer Provider.

o IF Assets Manager is an Actor responsible for maintaining, e.g. approving and versioning
of the semantic resources of the Interoperability Framework in a workflow process.

e Ontology Engineer is an Actor responsible for developing and maintaining the IT2Rall
ontology.

e Annotation Engineer is an Actor responsible for the semantic annotation of web service
descriptors and data provided by Transport Service Providers, Offer Providers and Travel
Event Providers, and for the generation of schemas and transformation mappings.

3.1.2 Context

The following diagrams show the Interoperability Framework resolver services in relation with
Travel Shopping components.

- £ ]IF Resolver Services
g G Location Resolver
£ ] Shopping Orchestrator DSl Get Stop p,uu&_,/”"”{: IF Process
@ Mobility
TS Decode Query
@ Mobility
quest
D=l StopPlace Lis T
D=3l Pecode Motjility Request \' @ [F Return
. : Stop Places
O -
‘ @ Orchestrate
| S ping
D=3 Prepdre Travel Expert|List gﬂ Travel Expert Resolver
D=3l Get Travel Experts List _..—-———'—‘{;
r — @ IF Proces TE
TS Prepare . Query
@ Travel Expe |
List ——
D41 Travel Experts TIst—
ravel Experts T— i .
| IF R
‘ eturn TE
service
[ descriptors &

Figure 1: Resolver Services in relationship with Travel Shopping
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§]1F Semantic Broker
§ ] Offer Builder £ 7S Travel Expert Offer Builder

Original TE request D=3 Original TE Response s
Get Dffer ftem List 9 de~ﬂ—f~~— D=3 Get Offgr Item Frqm Travel ﬁper‘ts

TS Get Itinera =TT >
Offer tems IF Process TE | IF Mediate TS Compute
(©) From Travel & Broker Request ' @ IF Perform @ Travel Expert L&D Itinerary Offer

(Proxy)

Mappings 3——
A 2 (Proxy) D= Priced Offer ltem e

D=1 Mapped TE Reponse D=2 Mapped TE Request

Experts d Offler Ite

&

Figure 2: Semantic Broker in relationship with Travel Shopping

The following diagram shows the Interoperability Framework resolver services in relation with Trip
Tracker components

£ | TrackingActivation

o E]IF Resolver Services
$___| EventsListening
g:l Events Source Resolver
D=1 Get events so =
/W @ [F Process ES
— Query
ALD) TT Invokelistenin

IF Return ES
service
descriptors

D=2 fvent Source Descriptors

&

Figure 3: Semantic Broker in relationship with Trip Tracker

3.1 USE CASES

3.1.1 IF in Manage Mobility and travel rights delivery Use Case

The Interoperability Framework provides capabilities included in the WP2 Shop- Provide Itinerary
Offers and Shop — Provide itinerary offer items capabilities of the “Manage Mobility and travel
rights delivery” Use Case.
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rave$ Manage mobility request and travel rigths delivery

A

Shop - Provide itinerary
Shop - Provide itinerary offer items

«i»

e 3p

« i \
i< N _
E i

Resolve Locg;i:ons Resoh}?Travel Expert Mediate Travel % pert Invocation

Figure 4: Manage Mobility and travel rights delivery Use Case

The Interoperability Framework participates in the Use Case by providing the Resolve Locations,
Resolver Travel Expert and Mediate Travel Expert Invocation capabilities to the Use Case. These
capabilities are described in the “Capabilities” chapter of this document.

3.1.2 IFin Track Itinerary Use Case

The Interoperability Framework provides capabilities included in the Activate Tracking capability of
the “Track ltinerary “Use Case.
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Figure 5: Track Itinerary Use Case

The Interoperability Framework patrticipates in the Use Case by providing the Resolve Events
Source capability to the Use Case. This capability is described in the “Capabilities” chapter of this
document.
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3.1.3 Manage IF Assets and Publish Resources

Social Network TravelEventProvider

Publish Resources

nsport Service Operator

w e w

IF Assets Manager

Manage IF Assets
Maintain Semaptic Graph
\s@ .,
- 7 """"

«en ke «e» ™. Maintain Ontology IF Ontology Engineer
- ® 8
Maintain Mappings ~
@ Maintain Seryice Registry
. @
i’
e “A",-" i
Generate Mappings Annotate Services

Figure 6: Manage IF Assets and Publish Resources Use Cases

In addition to participating in the “Manage Mobility and travel rights delivery” and “Trip Tracking”
Use Cases, the Interoperability Framework provides capabilities to execute the following specific
Use Cases

Manage IF Assets
The Manage IF Assets Use Case is concerned with the maintenance of semantic resources
throughout the Interoperability Framework, consisting of

¢ The IT2Rail ontology in the Ontology Repository

¢ Semantically Annotated Web Services in the Semantic Web Service registry

o Distributed semantic graphs of data, i.e. the web of transportation data

e Schemas and mappings to support semantic transformation of data and messages to/from
heterogeneous data / service providers

Publish Resources

The Publish Resources Use Case is concerned with the provision of capabilities enabling external
Data Providers to publish and semantically annotate data and service descriptor resources with the
terms of the IT2Rail ontology.

ITR-WP1-D-FIN-026-02 Page 16 of 68 13/12/2016



2Rail

Contract No. H2020 - 636078

4. CAPABILITIES

4.1 MANAGE IF ASSETS

4.1.1 Manage Semantic Graph

Manage Semantic Graph is the main IF asset management capability offered to the IF Asset
Manager Actor to maintain semantic assets in the form of triples through the execution of an
approval and versioning process.

It is extended for maintenance of specific resources.

4.1.2 Maintain Ontology

Extends Manage Semantic Graph to support management of the Ontology by the Ontology
Engineer Actor

IF Ontology Engineer Maintain Ontology
: (cr)
ke

]

Maintain Semintic Graph

IF Assets Manager

Figure 7: IF asset management capability - Maintain Ontology

4.1.3 Maintain Service registry

Extends Manage Semantic Graph to support maintenance of the semantic web service registry by
the Annotation Engineer Actor operating on web service descriptors published by external
Transport Service Operators and Travel Event Provider actors.
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i

ke»
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Figure 8: IF asset management capability — Maintain Service Registry

4.1.4 Maintain Data Semantic Graph

Extends Manage Semantic Graph to support import and rdfyication by the Annotations Engineer
Actor of external data sources provided by Transport Service Operator, Travel Event Provider and
Social Network external Actors.

Social Network

laintain Data Semantic Graph Annotations Engineer

TravelEventProvider

&<)

E
m
e Rt s

Maintain Semantic Graph 4LA IF Assets Manager
SLA| Transport Service Operator @ P

Figure 9: IF asset management capability — Maintain Data Semantic Graph
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4.2 |F RESOLVER SERVICES

Geocoding Services

Resolve Travel Expert

Travel Shopping
-—— &

\ Interoperability Framework

$LA| Linkedgeodata Triples Store|
s ¢ ? $L]IF Resolver Services

Location Resolver Travel Expert Resolver Events Source Resolver
Resdlve Ldcations - -
Dbpedia Triples Store Lo &l & &1

(Cr g
TravelEventProvider Resolve Events Sources TripTracker
_

Geonames Triples Store /
Figure 10: IF Resolver Services

4.2.1 Provide Network Statistics Data

The Interoperability Framework provides a capability to generate “Network Statistics Data” out of
the distributed semantic graph, i.e. a list of transportation connections for the different mode of
transport, each associated with fundamental “statistics” such as the operating times, average
connection times, frequency and density of service. Statistics data are additionally associated with
the Travel Expert service that can provide actual details and offers at the time of a shopping
session. The statistics data is used by the Travel Shopper to build a “meta-network” over which
smart algorithms may be run to identify candidate routes between any two points before submitting
them to Travel Experts for detailed scheduling.
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Interoperability Framework

Provide Network Statistics Data

IF Network Graph Manage

&

[
Linkedgeodata Triples Store

Figure 11: Provide Network Statistics Data capability

WikiData Triples Store Dbpedia Triples Store Geonames Triples Store

4.2.2 Resolve Locations

Resolve Locations is a capability used by the Travel Companion and Travel Shopping logical
components to — respectively - identify and obtain Stop Places associated with a mobility request
from a distributed semantic graph spanning the Interoperability Framework’s internal and external
Triple Stores

4.2.3 Resolve Travel Expert

Resolve Travel Expert is a capability used by the Travel Shopping logical component to identify
and obtain Travel Expert service descriptors associated with meta travel expert episodes from a
distributed semantic graph spanning the Interoperability Framework’s internal and external Triple
Stores

4.2.4 Resolve Events Source

Resolve Events Source is a capability used by the Trip Tracking logical component to identify and
obtain Events Source service descriptors associated with journeys from a distributed semantic
graph spanning the Interoperability Framework’s internal and external Triple Stores

4.3 MEDIATE TRAVEL EXPERT INVOCATION

Mediate Travel Expert Invocation is a capability used by the Travel Shopping logical component to
obtain Offerltems from external providers (Travel Experts) using semantic brokering to transform
the remote interfaces to/from the IT2Rail ontology specification.

This capability realizes one of the possible deployable architectures of the Interoperability
Framework.
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_ Travel Shopping

OfferltemProvider

Interoperability Framework

IF Semantic Broker
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ImportOntolo’ ahd Mappings

Figure 12: Mediate Travel Expert Invocation

4.3.1 Import Ontology and Mappings

Import Ontology and Mappings is a capability used by the Semantic Broker to obtain the ontology

and mappings from the Interoperability Framework ontology repository, and deploy them locally for
processing.
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5. ACTIVITY DIAGRAMS

£ 2 1F Assets Manager

IF
@ Administer
IF Assets (A)

ﬂ% Maintain Semantic Graph
HC\; Maintain Ontology
@% Maintain Service Registry

H% Maintain Data Semantic Graph

5.1 MANAGE IF ASSETS

4 JIF Assets Manager
§ ] Ontology Editor {3 IF Ontology Engineer
§11F Workflow Manager
= a < IF Edit and
D=3l Published Ontology Publish
Onwlort IF Classify. ©@ Ontology
g ¥ Classified|Ontology (A)
] D=3 Approfal ;
D=1 WS déscriptor Graph
IF Send
Data Graph
6 Acet Dl Data Grap!
Notification
——0
..
Rescurcds RDFyier
1R g @ Resource Provider
D=3l Versioned Griphs ~ IF RDFy
Publish
5 D=8l Data Resources @ Data (A)
IF RDFy Web
® Build rap:n h @ i D=1 Web Service Descriptor Publish
i Web
DS
—%l Services ...
D=5l Web Senvice Descriptbr 4§73 Annotations Engineer
IF Crebte IF Maintain
D3 Versiofjed Ontolody @ Schema and, ﬂ® Annotations and
Map s g Mappings (A}
[l] D51 $mantic Graph Df‘ gManuallym intained mappings ppings (A)
D=3 Semantic Mappings
E] 1]
§ Rriples Sto K ]Schema anll Mappings Repositon
pr— J— 'V}
Persist Persist Persist
@ Ortaiony © Semantic @ Schemas and
Graph Mappings
&

Figure 13: Manage IF Assets activity diagram

5.1.1 Functions in Maintain Semantic Graph realization

Logical Description Component
Function

IF Approve . WorkFlow Manager
VersFiJgn Perform approval process on submitted resources g

Build Semantic
Graph

Create semantic graph from approved resources to Resource RDFyer
be stored in triple store

IF Send Asset
Notification

Send a natification of successful resource approval WorkFlow Manager
to registered recipients

5.1.2 Functions in Maintain Ontology Realization

Logical Description Component
Function

IF qut and Activity performed by Ontology Engineer to publish Ontology Engineer
Publish Ontolo (actor)

Ontology (A) 9y
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Logical Description Component
Function
IF Classify Ontology is classified with inference engine to Ontology Editor
Ontology materialize inferred triples and provide ontology

validation
IF Import Published and classified ontology is imported into WorkFlow Manager
Ontology workflow management

Perform Maintain Semantic Graph realization activities

Persist . . o Triples Store
Ontology Persist Ontology as semantic graph in triples store

5.1.3 Functions in Maintain Service Registry realization

Logical Description Component
Function
IF Publish Resource Provider

Web Services

(A)

Activity performed by Resource Provider to publish
Web Service descriptor files

(external Actor)

IF RDF . . . . Resource RDFyer
y Transform Web service descriptors into rdf triples y
Resource
Perform Maintain Semantic Graph realization activities
IF Maintain Annotations Engineer
Annotations Create and maintain semantic annotations, mappings | (Actor)

and Mappings
(A)

and schemas

Persist
semantic graph

Persist Web Service descriptors as semantic graph in
triples store

Triples Store

Persist
Schemas and
Mappings

Persist mappings and schema files in web server
repository

Schema and Mappings
Repository
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5.1.4 Functions in Maintain Data Semantic Graph realization

Logical Description Component
Function
Publish Data Activity performed by Resource Provider to publish Resource Provider
(A) data resources, e.g. Stop Place information (external Actor)
IF RDFy Transform data into rdf triples Resource RDFyer
Resource
Perform Maintain Semantic Graph realization activities
Persi . . L Tripl r
ersist . Persist data as semantic graph in triples store Iples Store
semantic graph

5.2 IF RESOLVER SERVICES

5.2.1 Provide Network Statistics Data

EIF Resolver Services
K] IF Network Graph Manager| K ] Semantic Graph Manager|
‘ B I Provide Network Data
IF Process D=1 Network Data request IF Build A
) Network Datd SARS §]1F Assets Manager
Request 4 ! Query
:' ‘| .I GTnp!es Store
1 D=3 SPARQUINetwork
y 1 ¥ Sl L QueryD:ﬂ selectFromGaph, insertintoGraph, connect, clgarGraph [ ]
' A '
! 1] ' k ’ v ]_(* L
A A ~ IF Query
[ ¢ ks D|SPARQL Network que S ;
* t ’ IF process /s el SR . @ semantic
@ Network stats |» R Graph
) ' ' sem Que
“ S . D=5 Network Triples
] L)
Y ' 1
% Y \ DI Netfvork Triples
\‘ ] [} i 6%
\ ackage
HERetum etwork Data
Network Dat
[ Network Datal results
& &
&

Figure 14: Provide Network Statistics Data activity diagram
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Functions in Provide Network Data capability realization

Logical Description Component

Function

IF Process Network Graph

Network Data Receives and validates Network Data Request Manager

Request

IF Build Semantic Graph
Transforms network data request and prepares P

Network stats . Manager
network data semantic query

sem Query

IF Process Connects to Triple Stores and submits network data | Semantic Graph

Network stats semantic query for processing Manager

sem Query

IF Query Queries semantic graph and retrieves result triples Triple Store

Semantic

Graph

IF Package Processes triples results set and generates Network | Semantic Graph

Network Data Data results Manager

Results

IF Return Generates Network Data response Network Graph

Network Data

Manager
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5.2.2 Resolve Locations

GIF Resalver Services

GLocatlon Resolver

§] GeoCoding Service

]G Semantic Graph Manager}

1 IF Process ’ 12 D= get Location geoCoordinates N © ng::ttlgf‘s
| @ Mobility i D=3 Mobility Query p— ', ‘t

,' Query uild Sem

:

R | ™= Locations Qu D=3l locatigh geoCoordinates
' ' l
" " ," G[F Assets Manager
,: |‘ ; D=1 SPARQ I Mobility Que" DilselectFromg?ph, insertintoGraph, corinect, clearGraph
i W S R i £ ] Triples Store
, : »
' ' ' ‘, D=3] SPARQL Mobility Query
: t @ IF Process Sem
.
1

D=3 StopiPlace Triples

i

(Do — =
’ I, 7 IFQ
2 uery
4 * SCons Querydl Semantic Grap
' [
' ) D=3 Sfop Place Triples ]
L] 1)
' )
)
L]
) e
'
1

ggregate Sem

IF Return I ; Location Query 4, IF Resolve Locations
@ Stop Places D=3 Stop Place List Results H

&

Figure 15: Resolve Locations activity diagram

Functions in Resolve Locations capability realization

Logical Description Component
Function
IF Process : . - Location Resolver
. Receives and validates mobility request
Mobility Query
Identif . . GeoCoding Service
.y Gets geoCoordinates for mobility request g
Locations
IF Build Sem Transforms mobility request and prepares locations | Semantic Graph
Locations Query | semantic query Manager
IF Process Sem | Connects to Triple Stores and submits locations

Semantic Graph
Manager

Locations Query | semantic query for processing

IF Query

Queries semantic graph and retrieves result triples
Semantic Graph

Triple Store

IF Aggregate Processes triples results set and generates Stop Semantic Graph
Sem Location Place results Manager
Query Results

IF Return Stop

Generates list of Stop Place response
Places

Locations Resolver
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5.2.3 Resolve Travel Expert

G[F Resolver Services

$:|Travel Expert Resolver Q:ISemantl( Graph Manage H%,[F Resolve Travel Expert
D=3l Trapel Expert Descriptor Query
IF Build Sem
IF Proces
®TE Query TE Query
vl QIF Assets Manager
SR IE QU L L B H] § ] riples Store
' D=1
PARQL TE Que
E] L 1 SPARQL TE Query Qi
© I Frgcess @ semantic
Sem TE Query| Graph
D=3l TE Service Descriptor triple
D=3 TE deskriptor triples

IF Return
@ TE service
descriptor:

v
ﬁggregate 2
Sem TE Query

ravel Expert Descriptors Results

Figure 16: Resolve Travel Expert activity diagram

Functions in Resolve Travel Expert capability realization

Logical Description Component

Function

IF Proces TE . . Travel Expert Resolver
Receives and validates Travel Expert request P

Query

IF Build Sem Transforms travel expert request and prepares travel | Semantic Graph

TE Query expert semantic query Manager

IF Process Connects to Triple Stores and submits travel expert Semantic Graph

Sem TE Query | semantic query for processing Manager

IF Query Queries semantic graph and retrieves result triples Triple Store

Semantic

Graph

IF Aggregate Processes triples results set and generates travel Semantic Graph

Sem TE Query | expert descriptor results Manager

Results

IF Return TE Generates list of Travel Expert descriptor response Travel Expert Resolver

service

descriptors
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5.2.4 Resolve Events Source

§ | Events Source Resolver

IF Process
@

ES Query

(G}
service
descrip...

§ ]IF Resolver Services H% IF Resolve Event Source
G Semantic Graph Manager|
§ ]IF Assets Manager
D=5l Events Source Query IF Build
@ Sem ES
uery
D=31 SPARIQL ES Query E E B |
(] =
C - i D=1 SPARIQL ES Query i:ITanes Store
@ IF Process Sem ! IF Query
LR, @ Semantic
D=3 Events Sourfe descriptor triples Graph
D=2 Events Souige descriptor triples
v
J{ggregate
D51 Event Source descriptors Sem ES Query
Results
& &
&

Functions in Resolve Events Source capability realization

Figure 17: Resolve Events Source activity diagram

Logical
Function

Description

Component

IF Process ES
Query

Receives and validates Events Source request

Events Source
Resolver

IF Build Sem Transforms events source request and prepares Semantic Graph
ES Query events source semantic query Manager

IF Process Connects to Triple Stores and submits events source | Semantic Graph
Sem ES Query | semantic query for processing Manager

IF Query Queries semantic graph and retrieves result triples Triple Store
Semantic

Graph

IF Aggregate Processes triples results set and generates events Semantic Graph

Sem ES Query
Results

source descriptor results

Manager

IF Return ES
service
descriptors

Generates list of Events Source descriptor response

Events Source
Resolver
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5.3 IF SEMANTIC BROKER

4§ IF Assets Manager

§ Jriples Store § ] Schema and Mappings Repository
@ Provide Ontology € Prouide JSON © Provide Ma
Mappings|
A Schema s
M
o &
[ﬁEﬁSON Schema
D=3l OntQogy Scpema
@
§711F Semantic Broker D1 Brofler Mapping
§ ] Broker Ontology Manager
3 —
© IF Import Schema @ :j Import
§717S Travel Shopping D=1 Ontqllogy $chem SBRIgS
|
ot §717S Travel Expert Shopping
er Builder
= TS Travel Expert Offer Builder
D= Broker Mappings dJ
TS Get Get Offer Item Lis From| Trapel Experts
It Original TE reque,
© Of;?relrtaerryns IF Process IF Perform fappe eques (©) nTS Compc\;;e
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§ ] Broker Anafftics Manager
—
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Figure 18: IF Semantic Broker activity diagram

Functions in Mediate Travel Expert Invocation capability realization

Logical
Function

Description

Component

IF Process TE
Broker

Receives and validates a request for Offerlitems from
OfferBuilder (WP2 defined function), binds to JSON

Semantic Broker

Request schema ontolo

(Proxy) 9y

IF Perform Applies transformation of request to target Travel Expert | Semantic Broker

Mappings interface using imported mappings from Broker Ontology

IF Log Activity | Logs input message and transformation Broker Analytics
Manager

IF Mediate Invokes remote Travel Expert with transformed interface | Semantic Broker

Travel Expert

(Proxy)

IF Mediate receives remote Travel Expert response with travel expert | Semantic Broker

Travel Expert specific Offerltems

(Proxy)

IF Perform Applies transformation of response from Travel Expert Semantic Broker

Mappings interface using imported mappings from Broker Ontology
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Logical Description Component

Function

IF Log Activity | Logs response and fault message and transformation Broker Analytics
Manager

IF Process TE Semantic Broker

Broker Creates response containing Offerltems for OfferBuilder

Request (WP2 defined function)

(Proxy)

Functions in Manage Broker Ontology capability realization

Logical Description Component

Function

Provide Performs query on Triple Store to find JSON Schema | Triple Store

Ontology for requested Travel Expert

Provide JSON Serves JSON schema Schema and Mappings
Schema Repository

IF Import Imports identified JSON Schema from repository Broker Ontology
Schema Manager

Provide Imports identified transformation mappings from Schema and Mappings
Mappings repository Repository

IF Import Invokes remote Travel Expert with transformed Broker Ontology
Mappings interface Manager

6. COMPONENTS AND COMPONENT EXCHANGES

6.1 IF ASSET MANAGER COMPONENT EXCHANGES

The following figure describes the exchanges across components of the IF Asset Manager.
Exchanges are realized through the interfaces described in the Interfaces chapter of this document
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§7]1F Assets Manager
bementAction, IFAssetManagerLogin

£7]1F Workflow Manager

D= Ontojoay

approveResource

£

§7] Resources RDFyier é]

§7] Ontology Editor

£3IF Ontology Engineer

D=1 WSDescriptor, ExternalResource

D=3 SelectAnnotatgrAction, PerformAnnotatorAction, AnnotatorLogin

B

D=3 connedt, insertintoGraph

4§39 Annotations Engineer

D=311FS¢hema, IFMapping

§ ] Triples Store

%]
K] Schema and Mappings Repositony

§3) Resource Provider

Figure 19: Exchanges across components of the IF Asset Manager

6.2 IF RESOLVER SERVICES COMPONENT EXCHANGES

The following figure describes the exchanges across components of the IF Resolver Services.
Exchanges are realized through the interfaces described in the Interfaces chapter of this document

§ ] Location Resolver

$:| Travel Expert Resolver

E] Events Source Resolver

GIF Network Graph Manage

&

GIF Resolver Services

$:| Semantic Graph Manage

D=2 Gegeoding APL

G IF Assets Manager

GTriples Store

fery Triples 4o

derated D@p'ejia—SPAﬂ'Q‘f
P

W GN SPARQL

a
G GeoCoding Service

SO
\\.
\\
F3l Federated LGD SPARQL
|\ N
% N
N

$__2| Dbpedia Triples Store

§3) Geonames Triples Store

BN N

\, \\ Linkedgeodata Triples Store|
D=5 Federated WD SPARQL ™
\

4§38 WikiData Triples Store

Figure 20: Exchanges across components of the IF Resolver Services
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6.3 SEMANTIC BROKER COMPONENT EXCHANGES

The following figure describes the exchanges across components of the IF Semantic Broker.
Exchanges are realized through the interfaces described in the Interfaces chapter of this
document.

$:|IF Assets Manager
£ ] Triples Store £ ] Schema and Mappings Repository

&l

33
g

D=3l DownloadMappings, DownlLoad)SONSchema

D=3l connedt, |selectFromGaph

e S—

GIF Semantic Broker
™M
Broker Ontology Manage
DE3] getTravelExpertOntolo L Broker 9 ger
|
d &

Figure 21: Exchanges across components of the IF Semantic Broker

7. INTERFACES

7.1 IF ASSETS MANAGER
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Q IFAssetManagemntGUI

3 Pert

ction(IN : returns selectedAction:GUIAction, guiReturn:GuiReturn throws exception:HTTPException

:GUlAction) : returns guiReturn:GuiReturn throw's exception:HTTPException

e

3

@

ogin(IN “IFUser) : returns guiReturn:GuiReturn throws exception:HTTPException

‘ Q AnnotationsGUI

& Per ction(N :GUIAction) : returns guiReturn:GuiReturn throws exception:HTTPException
48 AnnotatorLogin(IN annotatorUser:FUser) : returns guiReturn:GuiReturn throws exception:HTTPException
7y

‘ & rAction(N GUIAction, IN ): returns guiReturn:GuiReturn throws exception:HTTPException

Q OntologyUpload
3D Ontology(ontology:Ontology[1..])
A

M :

4L]IF Assets Manager

IF Workflow Manager

[ Q StoreSemanticGraph ]

Q ApproveGraph ]

L):) AppmvedResource((deescurce.RDFFlle)J

L{ﬁ} approveResource(IN [FResource:RDFFile) : returns approvalstn(us:lFApprovalJ

40 Triples Store

_____________________ Vv

i
Resources RDFyier

Q ImportResources

S < o
E "1 3 WSDescriptor(wsDescriptor-WebServiceDescriptor{1..4])
3 ExternalResource(resource:IFResourceFile[1.."])

| Q StoreMappingsAndSchemas ]

I IFSchema(JSONSchema:JSONSchema)
3 IFiapping(mapping:Mappings)
[y

L=
Schema and Mappings Repository

A

Q TripleStorelnterface |

& selectFromGaph(IN selectQuery:SPARQLQuery, IN tripleStoreConnection TripleStoreConnection) : returns graph:Graph throws Exception:TripleStoreException
48 insertintoGraph(IN insertQuery:SPARQLQuery, IN tri onnection:TripleStoreC ion) throws Exception:TripleStoreException
4 clearGraph(IN graphQuery:SPARQLQuery) throws Exception:TripleStoreException

tr e

ipleStor : returns

onnection:TripleStoreConnection throws Exception:TripleStoreException

Figure 22: IF Assets Manager interfaces

7.1.1 External Interfaces

Table 2: Asset Management GUI interface

Interface ID:

Asset Management GUI

Interface Name:

‘ O IFAssetManagemntGUL

&3 Selects g ction(IN A gerienu:A gerienu) : returns selectedAction:GULACtion, guiReturn:GuiReturn throws exception:HTTPException
{i} PerformAssetManagementiction(IN selectedAction:GULAction) : returns guiReturn:GuiReturn throws exception:HTTPException
| 3 FA gerLogin(IN Acc UserIFUser) : returns guiReturn:GuiReturn throws exception:HTTPException

Purpose of the
Interface

Graphical User Interface used by Asset Manager role to approve and
maintain interoperability framework assets, e.g. ontology repository, semantic
web services registry, mappings and JSON schemas

Requestor: | Interoperability Framework Asset Manager (Actor)

Provider | IF Asset Manager

Description: | Interoperability Framework Asset Manager graphical user interface
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Impact to CREL | Partial
Impact to AREL | Complete
Impact to FREL | Complete

Preconditions:

IF Asset Manager account and role created in IF Asset Manager

Postconditions: | n/a
Exchange Items = cuneom oG recter
55 [0..1) errorbame : Name ’,-" i —
5 [ erroriessage : String [~  _ LT s “
- - .
5 returnCode : Integer Tl =T . A
A exception ~ exceptibn
. AN - Teel v exception
guiReturn Retumn -7 ~_ R 5
! gui - s v
A guiReturrr ~ _
L] - £ N
) " } R PerformassethManagement.
46 IFAssetManagerLogin o - &} SelectAssetManagementAction - & Action
’ t o~ ’
’ I *a ’
. N [l
A r‘ agerlJser - - " ‘\‘ v
s B userrole i S )
R S— — AssetMarfagerl\*lenu sefectedAction !
B tFuser o Usend ' e selefedAction
| =5 userPassword : String | ! ~. ‘
T Useriame : Name | : ~ ¢
— .
i - ‘
userRple i

‘
- ~ ~
AssetManagerMenul e 3
E—l 1 H cuisdion
\ [1.%] assetManagerAction
T {5 execaction()
roleMenu H 1Fmeny

Exceptions:

Inexistent account, account not authorized

Notes and Issues:

Standard, open source work flow and content management software
to be used for implementation

Table 3: Ontology Upload interface

Interface ID:

Ontology Upload

Interface Name: |

2 OntologyUpload |

| Ontology(ontology:Ontology(1 ..*]}J

Purpose of the | Upload validated ontology files edited by external Ontology Editor for
Interface | approval in the approval workflow process

Requestor: | Ontology Editor
Provider | Workflow Manager
Description: | Upload validated ontology files edited by external Ontology Editor
Impact to CREL | Partial
Impact to AREL | Complete
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Impact to FREL | Complete

Preconditions: | Ontology files have been validated prior to upload

Postconditions: | Ontology files successfully uploaded

Exchange Items

2 Ontology

[1..*] pntology
W
E Ontology

—o format : String

Q IFResourceFile

o fileMame : Name
o fileTimeStamp : DateTime
_o fileProvider : Mame

Exceptions: | Invalid ontology file

Notes and Issues: | Standard, open source work flow and content management software
to be used for implementation

Table 4: Annotations GUI interface

Interface ID:
Annotations GUI

Interface Name: Q AnnotationsGUI |
{}:} SelectdnnotaterAction(IN selectedAction:GULAction, IN annotatorMenu:AnnotatorMenu) : returng guiReturn:GuiReturn throws exception:HTTPException
{3} Perform&nnotatorAction(IN selectedAction:GUlAction) : returns guiReturn:GuiReturn throws exception:HTTPException

{}:} AnnotatorLogin(IN annotatorUger:IFUser) : returns guiReturn:GuiReturn throws exception: HTTPException

Purpose of the | Graphical User Interface used by Annotations engineer role to
Interface | create/maintain semantic annotations and schemas on imported non
semantic resources

Requestor: | Annotations Engineer (Actor)

Provider | Resource RDFyer

Description: | IF Asset Manager graphical user interface for Annotations Engineer

Impact to CREL | Partial
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Impact to AREL

Complete

Impact to FREL

Complete

Preconditions:

Annotations Engineer account and role created in IF Asset Manager

Postconditions: | n/a
EXChange Items E GuiReturn E HTTPException
Z5[0..1] errorame : Name [=~ . L ’ e
% [*] errorMessage : String el 2 [
| =5 returnCode : Integer e S~ '\ -
. - PRl -
=~ -excepiion Tea X o
: S, .. Excep{ton exceptinn_
guiReturn »7 guiRetirm~. _  guiRetuin - e
| - - ~. ~
‘ L7 ; . N L ; -
." SelectAnnotatorAction Tes - e cla
3 AnnotatorLogin @ - ‘{g} torAction
- . 4 ‘\T dicti '
z’l annofatorMenu se ect‘e\ lon selecl:edActlon
. - . ~ |
annotatorUser H AnnotatorMenu S ]
S S

* [ GuiAdio)
=

Q TFUser
| =5 UserName : Name |

[1..*] annotatorAction

E UserRole l
5 Userld : String H 1FMeny
| 0 userPassword : String | roleMen ]

userfole”

\ > iong)

Exceptions:

Inexistent account, account not authorized

Notes and Issues:

Standard, open source rdfyzer software to be used for implementation

Table 5: Import External Resources interface

Interface ID:

Import External Resources

Interface Name: |

@ ImportResources

]

2 WsSDescriptor(wsDescriptorWebServiceDescriptor[1..*])
2 » ExternalResource{resource:FResourceFile[1..#])

|

Purpose of the

Import external resources, e.g. data, web service descriptors, for semantic

Interface | annotation and conversion into semantic graph
Requestor: | Resource Provider (external Actor)
Provider | Resource RDFyer
Description: | Import external resources, e.g. data, web service descriptors, for

semantic annotation and conversion into semantic graph

Impact to CREL

Partial

Impact to AREL

Complete
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Impact to FREL

Complete

Preconditions:

External resources provided in files in CSV, rdf, n3, turtle, json, xml
formats. Data quality to be ensured by Resource Provider

Postconditions:

External resources successfully imported

Exchange Items

2 WsDescriptor 2 » ExternalResource
FJ
[1..*] weDescriptar .
1|!|" F

E WebServiceDescriptan

f1..%] resource

4
E IFResourceFile

fileMame : Name
fileTimeStamp : DateTime

-
-
_o fileProvider : Hame

Exceptions:

Invalid resource file format

Notes and Issues:

Additional notes, issues and comments

Table 6: Triples Store Interface

Interface ID:

Triples Store Interface

Interface Name: (

Q TripleStorelnterface

{?,} selectFromGaph(IN selectQuery:SPARQLQuery, IN tripleStoreConnection:TripleStoreConnection) : returns graph:Graph throws Exception:TripleStoreException
{?,} insertintoGraph(IN insertQuery:SPARQLQuery, IN tripleStoreConnection:TripleStoreConnection) throws Exception:TripleStoreException

Q} clearGraph(IN graphQuery:SPARQLQuery) throws Exception:TripleStoreException

{3} connect(IN tripleStore:TripleStorelD) : returns tripleStoreConnection:TripleStoreConnection throws Exception:TripleStoreException

Purpose of the | Provides methods to connect and perform CRUD operations on triple store

Interface
Requestor: | Resources RDFyer, Semantic Broker, IF Resolver Services
Provider | IF Asset Manager through delegation to Triple Store
Description: | Provides methods to connect and perform CRUD operations on triple

store

Impact to CREL

Partial

Impact to AREL

Complete
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Impact to FREL

Complete

Preconditions:

Triple Store service running

Postconditions:

Specific to methods, no Triple Store Exception

Exchange Items

> E TripleStoreException
- ’ al
. J
- ‘\
~

. ~
N
N

# - s
Excepltwn Exception “. t
. . Exceptign  Exceptisn
"’ \‘ ~
: L ’ w .
.7 w
&% clearGraph ( 4% selectFromGaph 483 insertintoGraph &% connect
| ", ,
b L ~
v ? N \"., s N B = tripleStore
’ ' graph  ~ . . ’ Teel
\ ' N tipledtarec T . IR
' ~_ triplesteeconne - -
Y ! N e qw&]estdqe‘cannectlon S E TripleStarelD
N I r N ’
graphQuery : . ‘ 5 userld : String
N selgctQuery .. *, 7 tripleStoreConnection =5 password : String

~ v,

1
&

— N
5 s .
{8 getStapéments()
] . W - E—
£ getBbundVariables()
‘ tripleStore

499—'7 Q TriplestoreConnection|
. ‘—‘
insertQuery
Pl graphIBI &

v \
» g Bun

f; A tripleStoreConnection

|E SPARQLQuery | 5 URIvalue

|_ 5 query : String |

\
! ndPaint

1
'

'

A} "
v "

Exceptions:

TripleStoreException, specific to interface implementation

Notes and Issues:

Interface is abstract, implemented through specific triple store
connectors and drivers, e.g. Apache Jena, Virtuoso Jena, Sesame

7.1.2 Internal Interfaces

Table 7: Approve Graph interface

Interface ID:

Approve Graph

Interface Name:

{2 ApproveGraph

{3} approveRezource(lN IFResource:RDFFile) : returns approvalStatus:IFApproval

Purpose of the

Submit resource to approval workflow process

Interface
Requestor: | Resource RDFyer
Provider | Workflow Manager
Description: | Submit resource to approval workflow process
Impact to CREL | Partial
Impact to AREL | Complete
Impact to FREL | Complete
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Preconditions:

RDFyed resource validated by Resource RDFyer

Postconditions:

Resource approved, suspended or refused

Exchange Items

{}:} approveResource
[ =
. -
IFResource {fileTimeStamp, version, format, fileProvider, fllgwame} apbm\\ralstatus
’

u:

E] roFFile

Y

—5 format : String

—_ N X [ IFApproval
—i version : String

I~ APPROVED = APPROVED
I~ SUSPENDED = SUSPENDED
T REFUSED = REFUSED

5 [0..1] approval : FResourceApproval

Q IFResourceFile

o fileName : Name
—o fileTimeStamp : DateTime
o fileProvider : Name

Exceptions:

Invalid RDF resource

Notes and Issues:

Standard, open source workflow management software to be
used for implementation

Table 8: Store Semantic Graph interface

Interface ID:

Store Semantic Graph

Interface Name: |

) StoreSemanticGraph ]

| 2 » ApprovedResource(rdfResource: RDFFile) J

Purpose of the

Store approved RDF resource as semantic graph in triple store

Interface
Requestor: | WorkFlow Manager
Provider | Resource RDFyer
Description: | Store approved RDF resource as semantic graph in triple store
Impact to CREL | Partial
Impact to AREL | Complete
Impact to FREL | Complete

Preconditions:

ValidationStatus indicates passed validation, token to be updated
retrieved and altered with updated payload
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Postconditions:

Token successfully retrieved and altered in Travel Companion.

Exchange Items

I ApprovedResource

Vs

JdfResource

—_——————,

E Graph
&3 getStatements()
| &8 getBoundVariables() |

raph

B roFFile E SemanticGraphBuiIder\l

|____o rdfResource : RDFFile |

|

|E SemanticGraphManager

" format : String
—5 wversion : String
3 [0..1] approval : IFResourceApproval

B sparRQLQuery
| =5 query : String |

tripleStoreConnection

3 connectToTripleStore()
3 buildQuery()

£ executeQuery()

8% aggregateResults()

83 geoCodeAddress()
{E} getTripleStorelnterface() |

SPARQLQuery

-

|E TripleStoreConnection|
[ ]

Exceptions:

Which exceptions could appear

Notes and Issues:

Additional notes, issues and comments

Table 9: Store Mappings and Schemas interface

Interface ID:

Store Mappings and Schemas

Interface Name: |

) StoreMappingsAndSchemas

2 FSchema(JS0ONSchema:JSONSchema)
2 FMapping{mapping:Mappings)

Purpose of the

Store semantic mappings and schemas

Interface
Requestor: | Resource RDFyer
Provider | Schema and Mappings Repository
Description: | Store semantic mappings and schemas in semantic repository
Impact to CREL | Partial
Impact to AREL | Complete
Impact to FREL | Complete

Preconditions:

Schemas and mappings validated, repository web server running
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Postconditions: | Schemas and mappings persisted in repository

Exchange Items

2> IFschema 2 IFMapping

I I
J50M5chema mapping

] i
L) i
R S R " B
| EE) 1soNschema | | Mappings
T [minCard] = 1 ‘
T [maxCard] =*

T [minCard] =1 ‘
| T [maxCard] =*

Exceptions: | HTTP exceptions from repository web server

Notes and Issues: | Schemas and mappings repository implemented as a web server

using standard commercial or open source software

7.2 IF RESOLVER SERVICES

‘ Q TravelExpertResolver
(@ ger ist(IN Routing tems:Meta Route[1..4) : returns Routing fems with Travel Expert.Meta Route |
P H Q EventsSourceResolver 1
‘ Q LocationsResolver ] ' = =
1 [ GetEvent Source joumeys-Journeyl1.7]) - retums. ]
(& getstopt (N LocationsQ YI1.7]) : returns L yResponse | ’ El
¥ [ Q Networkstatistics
> 1.7], routeLinks:RouteLink[1.])
& st(ouT 2
o4
4L]1F Resolver Services

w I: 1)
Location Resolver 4L Travel Expert Resolver Events Source Resolver #L]IF Network Graph Manage!

& - &
a M 1 o
v v v 2 )
Q SemanticGraphManagerinterface
b 4L]7C PersonalApplication |
& Query(N Query:Meta Episode) : returns Travel Expert Episode
& tionsQuery(IN MobiltyQuery:LocationQuery) : returns StopPlaceL lace
4L17C Shopper (PA) & Query(IN ) 11.7) : returns

Semantic Graph Managet

’ y § ;
| Q Identifylocations ‘

i
(& geoCodeLocations(INOUT location:Location(1..4]) throws Exception:HTTPException |

J > v
9 ( Q Triplestorelnterface W
4L] GeoCoding Service selectFromGaph(IN selectQuery:SPARQLQuery, IN tripleStoreConnection:Tr nnection) : returns. g throws Exception TripleStoreException
insertintoGraph(I insertQuery:SPARQL Query, IN ction ction) throws
clearGraph(N graphQuery:SPARQL Query) throws Exception:TripleStoreException
connect(ih tripleStore:

returns tripleStoreConnection:TripleSt ction throws Exception:

T
4L]IF Assets Manager _/

4] Triples Store
&

Figure 23: IF Resolver Services interfaces
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7.2.1 External Interfaces

Table 10: IdentifyLocations interface

Interface ID:
IdentifyLocations

Interface Name: | _ .
{2 IdentifyLocations ]

| {3} geoCodelocations(INOUT location:Location[1..%]) throws Exc&ptiun:H'ITPExceptiun]

Purpose of the | Provide list of Locations with geo coordinates
Interface

Requestor: | Travel Companion (WP5 component)

Provider | GeoCoding service

Description: | Provide list of Locations with geo coordinates

Impact to CREL | Complete

Impact to AREL | Complete

Impact to FREL | Complete

Preconditions: | Url encoded string for location name

Postconditions: | Zero, one or more locations with geo coordinates returned

Exchange Items

&% geoCodelocations

o -
s ~ =~ Exception

_ - At location Tl

| Q GeoCoordinates T —————
E Location E HTTPException
}* ) 0 latitude : Float ‘—‘
| =5 name : Name | [0.1] hasGeaCoardinates | =5 longitude : Float) \ )
[0.1]
[@.1] ddress

|( E Address \|

|,___o streetiddress : String |

Exceptions: | Http exception for invalid request

Notes and Issues:
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Table 11: NetworkStatistics interface

Interface ID:

NetworkStatistics

Interface Name;

-

) NetworkStatistics ]

2 getStatisticalData(travelExpertList TravelExpert]1..*], routeLinks:RouteLink]1..%]) ‘
{E} getTravelExpertListiOUT travelExpert. TravelExpertiD{0..*]}

Purpose of the

Interface

Provide Network data statistic as a list RouteLinks with associated statistics
information

Provide list of Travel Experts registered in Semantic Web Service Registry

Requestor:

Travel Shopping (WP2 component)

Provider

Network Graph Manager

Description:

getStatisticalData operation: Provide Network data statistic as a list
RouteLinks with associated statistics information

getTravelExpertList operation: Provide list of Travel Experts registered
in Semantic Web Service Registry

Impact to CREL

Complete

Impact to AREL

Complete

Impact to FREL

Complete

Preconditions:

getStatisticalData operation: Travel Expert Id

getTravelExpertList: none

Postconditions:

getStatisticalData operation: zero or more RoutelLinks with associated
statistics

getTravelExpertList operation: zero or more TravelExpertID

Exchange Items

{3} getTravelExpert]

I getStatisticalData e

¢ . ; ;
| L ]tr;v* elbxpert | B statisticalDataPravider |
[1..*] fouteLinks i ) —
\ & Travelexpertin =5 statisticalDataProvideriame : Name
S — \ 55 [0..1] statisticalDataProviderCode : String |

[¥] trayelExpertiD & isPfovidedBy

orkStatistic

E MetworkStatistics

startgfendspt

55 [0..1) statisticsStartTime : Time
5 [0..1] statisticsEndTime : Time
75 minimumElapsedTravelime : Unsignedinteger

Q StopPlace
= [Eehe lers _o averageElapsedTravelime : Unsignedinteger m\
=5 hasTimeZeneOffset : String = getiap: ) g g
5 [0..1] transportServiceProvider & TSPName - Name
5 [0..1] TSPCode : String

55 [0..1] density : Unsignedinteger
T serviceType : String

% [0 1] validityStariDate - Date
5 [0..1] validityEndDate : Date

| =5 Frequency : String

[*] hagStopPlace
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Exceptions: | Invalid request

Notes and Issues:

Table 12: Locations Resolver interface

Interface ID:
Locations Resolver

z

Interface Name:

O LocationsResalver ]

| {{} Get Stop Places (IN LocationsQuery:LocationGuery[1..%]) : returns LocationsQueryResponse: Lo catiunsﬂu&wﬂespuns&]

Purpose of the | Provide list of Stop Place within a given radius of a Location
Interface

Requestor: | Travel Shopping (WP2 component)

Provider | Location Resolver

Description: | Provide list of Stop Place within a given radius of a Location

Impact to CREL | Complete

Impact to AREL | Complete

Impact to FREL | Complete

Preconditions: | Valid LocationQuery

Postconditions: | Zero, one or more StopPlace returned

Exchange Items

Get Stap
@ iaces

L4 totationsquery [ LoationsQuenyRespanse

- ~ ———— i Identifi A N
[ B tocationquery E LocationsQuer ) !Q enti \er“ =] [dent\flertoﬂte’#

e [ ]
‘4; modeOfTransport : ModeOfTransport ! T avalidwithin )

5 Infrastructure : String

=5 radius : Float B stopPiacecade

5 [0..1] ctyName : String
— & hasldeationCode
5 streetaddress : String |

[t..4] requestedLocytion s ) [ stopbigee
e isLocatedAt
E Location E stopPiace

o1t A E pataProvide
=5 stopPlaceName : Name hasDataProvider

=5 isForTransportMode : ModeOfTransport |

[0.1]addless & Address

| = name : Hame

geoCaorgfnates

E GeoCoordinates| /

== latitude : Fioat ) D41 hasStartDateTime o N o )
=5 longituds - Float, B Happening e DateTimel [ Raiistation] (5 aipor| (5 Busstation| 5 metrostation|
=] POmtOﬂnteresj‘ ! — o ] J

Exceptions: | Invalid request

Notes and Issues:
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Table 13: Travel Expert Resolver interface

Interface ID:

Travel Expert Resolver

Interface Name: | |
| {3} Get Travel Experts (IN Routing items:Meta Travel Expert Epizode[1..]) : returns Routing tems with Travel Expert:Meta Travel Expert Episude]

O TravelExpertResalver 1

Purpose of the

Associate Meta Travel Expert Episode with corresponding Travel Expert

Interface | service descriptors
Requestor: | Travel Shopping (WP2 Components)
Provider | Travel Expert Resolver
Description: | Associate Meta Travel Expert Episode with corresponding Travel

Expert service descriptors

Impact to CREL | Complete
Impact to AREL | Complete
Impact to FREL | Complete

Preconditions:

Valid Meta Travel Expert Episode request

Postconditions:

Zero, one or more Travel Expert service descriptors are associated
with input Meta Travel Expert Episode

Exchange Items

‘ Q) TravelExpertResalver ]

‘ {}} getTravelExpertsList(IN Routing tems:Meta Route[1..%]) : returns Routing tems with Travel Expert:Meta Ruute]

83 getTravelExpertslist

t

1.4 quuting:items E TravelExpertiD
i i ‘—‘

) W ﬂ*l Routing items with Travel Expert ) & tran‘eIExper‘th

Q Meta Route|

meta Tra\r[elllg]éert Episode 1 hasTra\reIExpertﬂEcrlptorQ TravelExpert hasinputMessageMapper — .
E Meta Travel Expert Episode\'—) =G travelExpertiame : Name hasJ5ON5chema =L
| | — [0..1] travelExpertCapabilties : hasEndFoint —5 URIvalue
; . _OStI'iI'Ig hasOutputhd
hazFaulthd
star‘tSEolace endStop§lace
| Q StopPlace
5 hasName : N ]
EfSCSTC e
Exceptions: | Invalid request
Notes and Issues: | Additional notes, issues and comments
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Table 14: Events Source Resolver interface

Interface ID:
Events Source Resolver

Interface Name; | ) EventsSourceResolver ‘

| {E} Get Event Source Descriptors(IN journeys:Journey[1..*]} : returns eventsSuurceDescriptu:lrs:EventsSuurceDesripturJ

Purpose of the | Provide descriptors of services providing tracking information or a set of
Interface | journeys (event sources)

Requestor: | Events Listening (WP4 component)

Provider | Events Source Resolver

Description: | Provide descriptors of services providing tracking information or a set
of journeys (event sources)

Impact to CREL | Partial

Impact to AREL | Complete

Impact to FREL | Complete

Preconditions: | Valid input journeys

Postconditions: | Zero, one or more service descriptors of sources providing tracking
events for journey

Exchange Items

£ Get Event Source Descriptors

-
PR | eventsSo_hurceDescriptors
- - - - -

[L.2Tjourneys P =
’
-

- | Q EventsSourceDesriptor endPaint ,7@ o y
I "o eventsSourceName | Name —
Q Journe A _ : | i URIvalue
—o eventsSourceProvider : Name inputMessageMapping

"% eventsSourceCapabilities : String
autputMessageMapping

faultMessageMapping

Exceptions: | Invalid request

Notes and Issues:
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7.2.2 Internal Interface

Table 15: Semantic Graph Manager interface

Interface ID:

Semantic Graph Manager

Interface Name: |

QO SemanticGraphManagerinterface |

{3} processSemTEQuery(IN TravelExpertDescriptorQuery:Meta Travel Expert Episode) . returns TravelExpertDescriptors:Meta Travel Expert Episode
{3} procezsSemlocationsQuery(IN MobiityQuery:LocatienQuery) : returns StopPlacelist: StopPlace
{3} processSemEvSourceQuery(IN journeys:Journey[1..%]} : returnz EventzSourceDescriptor:EventzSourceDesriptor

Purpose of the

Provide abstraction of semantic web of transportation data to IF Resolvers

Interface
Requestor: | Locations Resolver, Travel Expert Resolver, Events Source Resolver,
Network Graph Manager
Provider | Semantic Graph Manager
Description: | Executes semantic query against triple store(s), assembles retrieved

triples into requested output

Impact to CREL | Complete
Impact to AREL | Complete
Impact to FREL | Complete

Preconditions:

Acquire TripleStorelnterface

Postconditions:

Semantic query successfully executed

Exchange Items

processSemlocationsQuery
® &3 processSemTEQuery &3 processSemEvSourceQuery

BPE A 5 . ;

R dehﬂ.EyQuery k I‘S*uyf\\a(just

'
| [ TravelEy
. ! &
TravelExpertDescriptorQuery B Travel expert
J '
'
'
'

B LocationQuery

5 mode0fTransport : odeO ransport
5 Infrastructure : String
5 radius : Float

5 [0.1] cityName : String

B stoppiace

= 5 raveExpertilame - Name
5 stopPlaceName : Name =4 =

B traveExpertProvider : Name

| 25 isForTransportMode : ModeOfTransport

5 traveExpertCapabiies - String
[] s{opPlace P avel &pert

'
'
'
'
'
'
'
'
'
'
_v_v_ét/ H
& Meta Travel Expert Episade L. joumdys
meta Tvavefgu_rfe Eu_d—lusu 3 !
I '
E Stmant\(GraphManage; i

[0.1] adgréss

¢

connectToTripleStore() - E Jourmeys - - -

g . journey | y!é 1 Descript
T quemracton executeQueny() = — ‘

)
createQuery() ) I it
& () quenyFactary geoCodeAddress(} ) 5 eventsSourceName : Name
PN & gelTripleStorelnterface() 5 eventsSourceProvider : Name:
=

H craph
3 getStatements()
48 getBoundVariables()

Lg-" eventsSourceCapabilties - String
- SPARQLQpery

Prefixes

B sparqLquery
=5 query : String

Exceptions:

Notes and Issues:

Specific TripleStorelnterface implementation injected at startup or
runtime
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7.3 IF SEMANTIC BROKER

[ Q TravelExpert Broker ]

@ Get ltinerary Offer tems(IN Routing items:Meta Travel Expert Episode[1..”], IN Date tems:Date[1..*], IN User preferences:Preferences) : returns mnersryoffemems:mnersryoffememJ
~F

i B

4LIIF Semantic Broker

Q GetTravelExpert)SONOntology

@ getTravelExpertOntology(IN travelExperts:Travel expert[1..*]) : returns JSONScnema:JSONSchemaJ

e

S &
[ Q TripleStorelnterface ] A
{&} selectFromGaph(IN selectQuery:SPARQLQuery, IN tripleStereConnection:TripleStoreConnection) : returns graph:Graph throws Exception:TripleStoreException
{:i} insertintoGraph(IN insertQuery:SPARQLQuery, IN tripleStore <Tripl ) throws ‘TripleStoreException
{Q} clearGraph(IN graphQuery:SPARQLQuery) throws Exception:TripleStoreException
{ﬁ} connect(IN tripleStore:TripleStorelD) : returns trip ion:TripleStore ion throws Exception:TripleStoreException
3
'
IF Assets Manager |
|
|
'
Triples Store :
|
g A '
2L Schema and Mappings Repositol epositoryDownLoadServices
#L] Sch d Mappings Reposit Q RepositoryDownLoadServi
inieied I £ DownLoadl IN TravelExper ingR t:URI[1..4]) : returns TravelExpertMappings:Mappings throws Exception:HTTPException
{:1-} DownLoadJSOl {OUT JSON :JSO| 1..%, IN JSON URI[1..7]) throws Exception:HTTPException
&

Figure 24: IF Semantic Broker interfaces

7.3.1 External Interfaces

Table 16: Travel Expert Broker interface

Interface ID:

Travel Expert Broker

Interface Name | Q TravelExpert Broker W

| @ Get tinerary Offer tems(IN Routing items:Meta Travel Expert Epizode[1..%], IN Date items:Date[1..*], IN User preferences:Preferences) : returns ItineraryOfferlten'ls:rtmeraryoffarltemj

Purpose of the | Provide a proxy to external, heterogeneous Travel Experts
Interface

Requestor: | Offer Builder (WP2 Component)

Provider | Semantic Broker

Description: | Return ItinerayOfferltems for Meta Travel Expert Episodes from
external, heterogeneous Travel Experts

Impact to CREL | Partial (Emulated)
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Impact to AREL

Complete

Impact to FREL

Complete

Preconditions:

Travel Expert ontology and mappings loaded in Broker Ontology
Manager

Postconditions:

Zero, one or more ItineraryOfferltem returned

Exchange Items

Get Itinerary
& Offer tems
-

Il IR ,
LT Lt A Ttirferay Offerltems H ttineraryoffertem
Userpreferences ' =

R 5 offertemProvider : Name
"~ 75 unitsAvailable - Integer
T [1.%] salesConditions : SalesConditions
, | TG 1.7 afterSalesConditions : AfterSalesConditions
. v | 51 pa Jode : AcceptedPa

) s ‘Q Meta Travel Expert Episode‘ .4
‘.

Preferences ,’/ .4 Ru:uting items
1. Hate items i
; [

’
I

T [minCard] =1
T [maxCard] =*

E Date )
= ﬁﬁ\m\‘ isCalculatedBy
| == Date |
[*] travel exp [ Travel expert |
[1..*] travel fpisode E a |

E TiovelEnT e == lravelExpenNamz.a: Name
—o travelExpertProvider : Name

| =5 travelExpertCapabilities : String |

Exceptions:

Missing mappings or schemas, unreachable or unavailable external
Travel Experts

Notes and Issues:

Table 17: Repository Download Services interface

Interface ID:

Repository Download Services

Interface Name: |

Q' RepositoryDownloadServices

{3} DownlLoadMappings(IN TravelExpertMappingRequest:URI[1..7]} . returns TravelExpertMappings:Mappings throws Exception: HTTPException
{3} DownlLoad)SONSchema(OUT JSONSchema:JSONSchemal1..%], IN JS0ONSchemaRequest:URI1. *]) throws Exception:HTTPException

Purpose of the | Download Travel Expert schemas and mappings from Asset Manager to
Interface | Broker Ontology Manager

Requestor: | Broker Ontology Manager
Provider | Schema and Mappings repository
Description: | Download Travel Expert schemas and mappings from Asset Manager

to Broker Ontology Manager

Impact to CREL | Partial
Impact to AREL | Complete
Impact to FREL | Complete
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Preconditions:

Schema and mappings web services running

Postconditions:

Schemas and mappings successfully downloaded and installed in
Broker Ontology Manager

Exchange Items

Exception Q HTrPExcept\on\
1) DuwnLnadMappingst::: ____________________ ‘—lt"‘
R -

R

- e Except

s = ~ JrayelExpertMappings ception " Download)SONSchema
- - ;

B —
Mappings
I
~ T [mi i .7 1..%] JSONSch
1.7 TravelExpertMappmaRequest i [mlncsrd; _1x e it I chema
~ L ImaxCard] =71 4 4 IspHSthemaRequest .
TEFaultMessageMapping ~ . -7 JSONSchEma

|‘ E Travel expert

=5 travelExpertName : Name

T travelExpertProvider : Name W % URIvalue |
| 75 travelExperiCapabilties : String | pping T

. —r—
TEInputMessagehia E URI ‘ i [minCard] =1
| == [maxCard] =*)

Exceptions:

HTTP exception, unreachable or unavailable schemas and mappings
web server

Notes and Issues:

7.3.2 Internal Interfaces

Table 18: Travel Expert JSON Ontology interface

Interface ID:

Travel Expert JSON Ontology

Interface Name:

i GetTravelExpertISOMOntology ]

|{'§} getTravelExpertOntology(IN travelExperts Travel expert[1..*]} . returns JSONSchema:JSONSch &mﬂ_]

Purpose of the | Retrieve a Travel Expert JSON Schema to be used in processing a Travel
Interface | Expert Broker request

Requestor: | Semantic Broker
Provider | Broker Ontology Manager
Description: | Retrieve a Travel Expert JSON Schema to be used in processing a

Travel Expert Broker request

Impact to CREL

Partial

Impact to AREL

Complete

Impact to FREL

Complete

Preconditions:

Valid request

Postconditions:

Zero or one JSON schema retrieved
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Exchange Items

"
1. travelExperts - = = = “*® &} getTravelExpertOntology f=*LISO0NSchema

~ e

|, E Travel expert \| ' ) -

5 travelExpertName : Name ’JSONSchema\
55 travelExpertProvider : Hame
____o travelExpertCapabilties : String |

T [minCard] =1
Prefixes | L= [maxCard] =*)

T [minCard] =1
;| L [maxCard] =*|

[1..*] travel expert

|Q TravelExpertOntologySchemalmporte
[

I T

|E SemanticGraphManager|

43 connectToTripleStore()
€3 buildQuery()

43 executeQuery()

£ agoregateResults()
4 geoCodeAddress()
{3} getTripleStoreinterface() |

T [minCard] =1
| T [maxCard] =* |

|. =5 query : String |

Exceptions: | Invalid request

Notes and Issues: | This interface available in SOFIA implementation of the semantic
broker

8. TECHNICAL ARCHITECTURE

The design of the Interoperability Framework is based on the provision of a set of semantic
interoperability services that can be deployed in multiple configurations, described below, and that
do not mandate a specific set of communication protocols or frameworks, leaving the choice of
deployment strategies to partners that may opt to re-use a shared enterprise service bus, perhaps
on a virtual private network protected by specific security and authentication protocols, or decide to
engage in pure peer-to-peer exchanges over the public world wide web, or a mixture of these or
other options. This is also important to allow operators, including yet unknown companies who are
not partners in the IT2Rail project, to choose their own roadmap for adoption of the ‘native’ IT2Rail
semantic language for their exchanges, using or discontinuing the transformation services
according to their own timeline.

The demonstration scenario of IT2Rail will be based on a concrete Use Case deployed on
European-wide multi-modal transportation ‘corridor’ using actual data and services made available
by partners in IT2Rail. This will entail a specific concrete deployment strategy for the deployment of
the Interoperability Framework depending on the run-time environment of participant companies,
thus validating the actual latitude of possible deployment options.

8.1 DEPLOYMENT SCENARIOS

The Interoperability Framework is designed to provide a set of idempotent stateless services using
assets, i.e. ontology, web service descriptors, mapping and data triples managed in shareable
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repository for maximum latitude in the implementation of exchange scenarios. This section
describes available deployment and exchange scenarios between a service consumer and a
service provider, multiple of which may occur simultaneously depending on choices made by the
participants.

The following symbols provide a legend for the diagrams illustrating the options:

Transformation Transport

A O > >

Native IT2Rail transport ma ppl ng Proprietary processing Using the IT2Rail domain Using a proprietary Using a business logic Native IT2Rail Proprietary
format (e.g. RDF, SPARQL) format (i.e. variables) ontology conceptually interface specifications messages messages

In all diagrams the following is assumed:

1. The web service provider's web service descriptor has been obtained using the Travel
Expert, Events Listener or Analytics resolvers as described in the preceding sections

2. Mapping is obtained through download from the shared Mappings Library

The diagrams illustrate cases in which the Service Requestor is expressing requests in the IT2Rail
ontology language. Mirror cases in which the roles are reversed, i.e. the Service Provider are a
native IT2Rail ‘speaker’ is also possible with the same benefits and issues, but they are not shown
for clarity.

8.2 NATIVE IT2RAIL

Logical
Problem

Service requestor Service provider
Logical
Problem

Logical

Logical

Solution Solution

Figure 25: Native IT2Rail exchange scenario

This Scenario depicts the peer to peer communication between an arbitrary service requestor and
a services defined and developed in IT2Rail. All participants are capable of using IT2Rail semantic
technologies for communication. This is the desired exchange scenario for any newly IT2Rail
developed services

Benefits involve: Lightweight approach in terms of workflow. All data/knowledge is encoded in the
same language. Least error prone since no mapping is required.
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Issues involve: Only suitable for newly developed services.

8.3 WRAPPED LEGACY SERVICE

Service requestor Service provider {oowpled transparent transformation) Legacy service
|
T o i, T,
= Probler B = Prabder b —/ " F *, P = Prabler ':.'I
L e L e g o kY LT L
L r
| L
i oy
- -..'. I\'.\. - .I. .
1 1 -;:--'I r -;:”-'I ( ] A
s [ Iy R s e o B Ian
- - 'H__\.
-, —*, Lo o
|

Figure 26: Wrapped legacy service exchange scenario

This is the preferred standard scenario for integration of legacy services into IT2Rail. The
transformation from native IT?2Rail semantic technologies to legacy data representation shall be
conducted by the entity providing the legacy service. From IT2Rail perspective the legacy service
can be considered as completely wrapped.

Benefits involve: Legacy services can be connected to IT2Rail. Mappings provided and performed
by legacy service provider. Legacy data schema is known; hence transformation is less error
prone. The workflow is transparent for the service requestor.

Issues involve: Overall Workflow is slightly more complex compared to Native IT2Rail. Changes to
Legacy Service may require changes to mapping. However changes of the Legacy service are
expected to consist in adopting the native IT2Rail ontology language, thus reducing the case to the
native IT2Rail scenario.

8.4 BROKER — ENTERPRISE SERVICE Bus

Service req Broker . Enterprise Service Bus Legacy/foreign service

Logical Logical PT Logical
Problem Problem Problem
Logical Logical T Loglcal
Solution Solution Solutlon

Figure 27: Enterprise Service Bus / Broker scenario
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In this scenario exchanges are mediated through a broker or standard Enterprise Service Bus in
which assets obtained from the WP1 Assets Manager, i.e. the ontology and the mappings are
deployed.

Unlike the previous scenarios, in this case the exchange between Service Requestor and Provider
iS not peer-to-peer. Secure and reliable communications must therefore be provided by the
selected Enterprise Service Bus platform.

In the IT2Rail demonstration this scenario may be implemented, using the SOFIA2 platform made
available by IT2Rail partner INDRA, along one or both of the others in to test the deployment
independence of the Interoperability Framework services and to obtain comparative performance
evidence.

9. TECHNICAL DEMONSTRATOR CREL IMPLEMENTATION

This chapter documents the implementation of the “core release” (CREL) features of the design as
a technical demonstrator of the Interoperability Framework concept.

Multiple implementation choices are possible: the fundamental selection criterion for the technical
demonstrator in the IT2Rail project is the minimization of development and testing effort on non-
research elements of the solution while concentrating the attention on its innovation contents. For
this reason open source frameworks and tools have been employed whenever possible, as
documented in deliverable D 1.5 Interoperability Framework Integrated Development Environment,
and only basic considerations have been given to non-functional specifications such as
performance, scalability or security, mainly to validate that such quality aspects are not constrained
by the design while they can be addressed by a specific design of the underlying computing
infrastructure. The design of this infrastructure is also an implementation choice.

9.1 THE IT2RAIL RDF FRAMEWORK

The IT2Rail RDF framework provides Java Persistence APl Architecture (JPA)-like capabilities
extending it with the ability to operate on triple stores, i.e. on database systems designed for
storage and retrieval of rdf statements (“triples”) through semantic queries.

Similarly with how in JPA annotations on java classes provide automatic object-relational mappings
from these classes to relational database schemas and vice-versa, the rdf framework provides
automatic mappings to/from rdf statements. This enables the developer to delegate the mechanics
of connection, input/output and storage/retrieval of the data across the network to the framework,
while concentrating on the manipulation in pure java of objects and relationships which, unlike the
JPA entities, represent logical statements connected to the domain’s axiomatic description of the
domain’s ontology. For example, triples generated by a SPARQL query as a result of logical
inference, i.e. new logical statements inferred based on the axioms and the existing data, are
automatically instantiated as java objects and relationships and are therefore available for
“ordinary” programming.
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The IT2Rail rdf framework is itself an extension and a merging of the two open source frameworks
Empire (https://github.com/mhgrove/Empire) and Pinto (https://github.com/stardog-union/pinto),
both licensed under the Apache License 2.0. The extensions consist in

1. Porting to the Eclipse RDF4J framework (http://rdf4j.org/)
2. Merging of Empire and Pinto rdf mapping functionality
3. IT2Rail-specific extensions, including multiple additional datatype conversions

The IT2Rail rdf framework for the CREL release is built and installed in the IT2Rail project’'s maven
repository for use in higher level development. The following fragment from the framework’s pom
file lists the dependencies:

<groupld>it2rail.rdf.framework</groupld>
<artifactld>it2rail-rdf-framework</artifactld>

<version>1.0-CREL</version>

<name>WP1 rdf framework for IT2Rail</name>

<description>A POJO/RDF semantic mapping and persistence framework IT2Rail project</description>

<organization>

<name>It2Rail project Work Package 1 Interoperability Framework</name>

</organization>

<properties>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
<project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>

</properties>

<dependencies>
<dependency>
<groupld>org.eclipse.rdf4j</groupld>
<artifactld>rdf4j-runtime</artifactld>
<version>2.0</version>

<type>pom</type>

</dependency>
<l-- https://mvnrepository.com/artifact/com.google.inject.extensions/guice-multibindings -->
<dependency>
<groupld>org.ow2.spec.ee</groupld>
<artifactld>ow2-jpa-1.0-spec</artifactld>

<version>1.0.12</version>

</dependency>

<dependency>
<groupld>com.google.inject.extensions</groupld>

<artifactld>guice-multibindings</artifactld>
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<version>4.0</version>
</dependency>
<l-- https://mvnrepository.com/artifact/com.google.inject.extensions/guice-assistedinject -->
<dependency>

<groupld>com.google.inject.extensions</groupld>

<artifactld>guice-assistedinject</artifactld>

<version>4.0</version>

</dependency>

<l-- https://mvnrepository.com/artifact/org.javassist/javassist -->

<dependency>
<groupld>org.javassist</groupld>
<artifactld>javassist</artifactld>
<version>3.17.1-GA</version>

</dependency>

<dependency>
<groupld>org.it2rail.cp-rdf4j-utils</groupld>
<artifactld>it2rail.cp-rdfdj-utils</artifactld>
<version>1.0.0</version>

</dependency>

<dependency>

<groupld>com.complexible.common.utils</groupld>

<artifactld>cp-common-utils</artifactld>
<version>5.0.1</version>

</dependency>

<l-- https://mvnrepository.com/artifact/org.geonames/geonames -->

<dependency>
<groupld>com.google.guava</groupld>

<artifactld>guava</artifactld>

<version>19.0</version>
</dependency>
<l-- https://mvnrepository.com/artifact/commons-beanutils/commons-beanutils -->
<dependency>
<groupld>commons-beanutils</groupld>
<artifactld>commons-beanutils</artifactld>
<version>1.9.2</version>
</dependency>
<l-- https://mvnrepository.com/artifact/junit/junit -->
<dependency>
<groupld>junit</groupld>
<artifactld>junit</artifactld>
<version>4.12</version>

</dependency>
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<l-- https://mvnrepository.com/artifact/org.slf4j/s|f4j-api -->
<dependency>
<groupld>org.slf4j</groupld>
<artifactld>slf4j-api</artifactld>
<version>1.7.21</version>
</dependency>
<l-- https://mvnrepository.com/artifact/org.slf4j/slf4j-simple -->
<dependency>
<groupld>org.slf4j</groupld>
<artifactld>slf4j-simple</artifactld>
<version>1.7.21</version>
</dependency>

</dependencies>

9.1.1 Empire Configuration

|@JPAPersistencePrmﬂder|- ------------------------ [ GPer5|siepcePrmﬂder
jawax.persistence.spi

-mPer: eProvider 0.1 '&
AMSTANCE _ -mProvider :

N = > = -mFactories
3 (3 EmpirePersistenceProvider |%| GDataSnurceFaciury|
0.4 o.*

0.1
| (3 EmpireConfiguration |- ---------------------------------------------------- }i ¥ EmpireAnnotationProvider | (9 RepositoryDataSourceFactory
-mCanfig | 0.1
| (3 DefaultEmpireModule |- ------------------------------------------------- _‘,-| (3 PropertiesAnnotationProvider | | (9 RepositoryDataSource |

The Empire class is a container that holds the rdf framework’s configuration instantiated at start up
time. The configuration consists principally of three items:

1. The EmpireConfiguration containing a list of persistence unit descriptors and the name of a
file of annotated java classes.

2. The Namespace and NamedQueries annotations used by the RdfGenerator and
RdfQueryFactories classes, described below, to perform SPARQL queries and automatic
mapping to/from RDF. This configuration is generated at initialization time by an
implementation of the EmpireAnnotationProvider interface..

3. The DataSourceFactory to be used by the EntityManager, described below, to create
access to one or more triple store providers for storing and retrieving triples. This
configuration is generated at initialization time by an implementation of the JPA
PersistenceProvider interface.
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Concrete implementations of the EmpireAnnotationProvider and EmpirePersistenceProviders are
injected at initialization time through the Guice framework2, i.e. by defining bindings in a Guice
Module. The figure above displays the providers injected by default through the
DefaultEmpireModule (not shown in the figure): EmpirePersistenceProvider implements the JPA
PersistenceProvider while PropertiesAnnotationProvider implements EmpireAnnotationProvider.

Default Empire Configuration
The following default configuration is created at initialization time by the call

Empire.init(new OpenRdfModule)
Under the control of Guice modules:

1. Empire Configuration persistence unit descriptors are read from the configuration file whose
name is associated with the System Property “empire.configuration.file”. The configuration
file must be accessible by the classLoader.

2. Namespace and NamedQueries are read through EmpireAnnotationProvider from the
annotations of java classes listed in a file whose name is the value of “annotation.index” in
the configuration file. The file listing classes and named queries must be accessible by the
classLoader.

3. The EmpirePersistenceProvider implementation of the JPA PersistenceProvider is injected.

4. The concrete implementation RepositoryDataSourceFactory of the DataSourceFactory
interface is injected from the binding specified in the Guice module OpenRdfModule

The following is a sample empire configuration file with two persistence unit descriptors:
annotation.index = locations.resolver.empire.annotation.config

.name=it2rail

.factory= rdf4j

.url =http://192.168.150.139:7200
.repo=IT2RAIL

(O RE RN

=

.name=wikidata
.factory = rdf4j
1.sparql_endpoint = https://query.wikidata.org/

=

The property annotation.index points to the file name “locations.resolver.empire.annotation.config”
which has the following contents:

RdfsClass= org.it2rail.ontology.infrastructure.StopPlace, <additional classes>

2 https://github.com/google/guice/wiki/External Documentation
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9.1.2 Entity Manager

Once an Empire configuration is set up the NameSpace and NamedQueries annotations, the
persistence unit descriptors and a concrete DataSourceFactory are available to create instantiate
one or more Entity Managers used to perform storage and retrieval of rdf statements and
conversions of java classes to/from rdf triples.

The IT2Rail rdf framework’s Entity Manager is an implementation of the JPA EntityManager
interface, i.e. it provides the same methods to persist, merge, remove and find java entities to/from
triple stores as those providers for relational data bases.

£ EntityManager B ouery
javax persistence [ - javax persistence [~ T @Rdeuery‘Factury
5 =)
-mSource, 0.1
b -mSource k
(S RdfQuery 3 DataSource
(& BeanReflectUitil :
" [®RdfGenerator

-mDataSource | ) MutableDataSource

(& EntityManagerimpl

- : mRepository 3 Repository
| (GRepositoryDataSource Iﬁ org.eclipse rdfdj. repository

A
(®RemoveCascade
G AbstractRepository
A
(9 HTTPRepository

org.eclipse rdfdj repository http

In the figure above the EntityManager, on the left, handles the usual JPA operations, including
managing cascading as determined by normal JPA CascadeType values. Objects are
persisted/retrieved from the concrete DataSource implementation created by the
RepositoryDataSourceFactory injected at Empire configuration time. In the figure, to the right, the
DataSource interface implementation created by the RepositoryDataSourceFactory is the class
RepositoryDataSource, which itself has a reference to a HTTPRepository of the Eclipse rdf4j
framework to access a remote triple store. All persistence operated commanded by the
EntityManager is executed as method invocations on the actual interface to the remote triple store.

Between the Entity Manager and the Repository the RDFGenerator performs the serialization of
java objects to/from rdf triples.

In analogy with the JPA API Architecture, which provides capabilities to generate custom SQL
gueries from java classes, the IT2rail rdf framework includes the RdfQueryFactory utility class to

ITR-WP1-D-FIN-026-02 Page 59 of 68 13/12/2016



' s
(&\ Contract No. H2020 — 636078
2Rail

generate and validate SPARQL queries against the target triple store concrete Repository interface
implementation.

An Entity Manager is instantiated through the call

EntityManager aManager = Persistence.createEntityManagerFactory(persistenceUnit)
.createEntityManager();

Where persistenceUnit is the name of a persistence unit descriptor created at Empire
configuration time, i.e. “it2rail” or “wikidata” in the example configuration file shown above.

9.1.3 RDF Generator

The RDFGenerator provides utility classes and methods to execute serialization of java classes
to/from rdf triples using annotations on the class.

‘ (3 InstanceGenerator } -------- >| (2 BeanGenerator |
I .-"'7 \

(3 RdfGenerator >|GBeanReﬂectUlll}< ---------- |GPrupertiesnnnutatiunPrmﬂuer
: -.__._-""“"'---.,._______ -__”__J___--- = ,-'\
i (@ RfProperty ;

&3 DataSource (™ RfsClass [+ | (3 AnnotationChecKer

A

| £ MutahleDataSource ‘

i

| @Hepnsitur;mataSDurce |

The fundamental mechanism of the serialization is the following:

1. Serialization to RDF (“lifting” from the specific data format to the ‘ontology’ language)

a. The class @RdfsClass annotation determines the rdf:itype property of an instance of
this class.

b. All getter methods of a class that contain a @RdfProperty annotation are used to read
property values using reflection. The value of the @RdfProperty annotation becomes a
predicate, and the property value obtained from the getter becomes the object of the
triple

2. Serialization from RDF (“lowering” from the ‘ontology’ language to the specific data format)

a. The object of the rdf:type predicate in a triple determines the instantiated java class

b. For all predicates in the triple the setter methods in the class that have a matching
@RdfProperty annotation are invoked to set the class’ corresponding value to the
object of the triple’s predicate. The setter methods can be ‘inferred’ from the annotated
getter methods if they conform to the usual naming convention for java getters/setters
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9.2 THE SEMANTIC GRAPH MANAGER

The Semantic Graph Manager is built on top of the It2Rail rdf framework and provides an
implementation of the IT2Rail Semantic Graph Manager component described in chapter 6 of this
document to support multiple “packaged resolver” services.

The Semantic Graph Manager for the CREL release is built and installed in the IT2Rail project’s
maven repository for use in packaged resolver development. The following fragment from the
framework’s pom file lists the dependencies:

<groupld=>it2rail.if.semanticgraphmanager</groupld>
<artifactld>it2rail-semanticgraphmanager</artifactld>
<version>1.0-CREL</version>
<name>WP1 Semantic Graph Manager for IT2Rail</name>
<description>IT2Rail Interoperability Framework Semantic Graph Manager</description>
<organization>
<name>It2Rail project Work Package 1 Interoperability Framework</name>
</organization>
<properties>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
<project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>

</properties>

<dependencies>
<dependency>

<groupld>it2rail.rdf.framework</groupld>
<artifactld>it2rail-rdf-framework</artifactld>
<version>1.0-CREL</version>

</dependency>

<l-- https://mvnrepository.com/artifact/org.geonames/geonames -->

<dependency>
<groupld>org.geonames</groupld>
<artifactld>geonames</artifactld>
<version>1.0</version>
<scope>test</scope>

</dependency>

</dependencies>
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€9 QueryBuilderFunction<T,String>
org.it2rail. semarticgraphmanager

| 9 NamedQueriesProvider

3 IFQueryBuilderFactory

_________________________________________________ org.it2rail semarticaraphmanager

@ buildGuery(T Ahstracthodule ) GueryBuilderFunction=T String=

( SemanticGraphManager

org.it2rail . semanticgraphmanager

: | (3 EntityManagerimpl } ---------------------------- )| 3 MutableDataSource |
B
L] 3131 {67117 o1 1) O - 2 E3DataSource
| (3 RepositoryDataSource |

As can be seen in the figure above, the Semantic Graph Manager adds to the underlying IT2Ralil
rdf framework references to an instantiated EntityManager, to a NamedQueriesProvider interface
and to an IFQueryBuildFactory interface.

A particular “packaged resolver” Semantic Graph Manager is obtained by supplying a specific
Guice injection module containing the specific bindings requested

HwbhPE

to the desired persistence unit configuration for which an EntityManager must be created.
to the desired DataSourceFactory for the specific packaged resolver

to the desired NamedQueriesProvider interface implementation for the particular resolver
to the desired IFQueryBuilderFactory implementation requested for the particular packaged
resolver.

The first two bindings are propagated to the underlying IT2Rail rdf framework to create the Empire
configuration described in chapter 9.1.1, while the third and fourth are specific to the Semantic
Graph Manager:

1.

a NamedQueryProvider interface implementation provides access to a set of stored
SPARQL queries templates from which individual queries can be instantiated. Since
semantic queries can represent first order predicate logic ‘rules’, the ability to store them for
re-use, versioning, ect as ‘assets’ in the Interoperability Framework Assets Manager is an
important feature of the design and the implementation. Since providers can be injected
through the Guice framework it is possible use different sets/versions of named queries, for
example for testing and production, and/or to store them in different media, e.g. as files
packaged with the Semantic Graph Manager’s jar archive, on distributed web servers or the
triple store itself.

An IFQueryBuilderFactory interface implementation, also injected through the Guice
framework, provides the means to produce an implementation of the Function<T,String>

ITR-WP1-D-FIN-026-02 Page 62 of 68 13/12/2016



' s
(&\ Contract No. H2020 — 636078
2Rail

functional interface available in java 1.8. The concrete injected implementation generates
such a functional interface that creates a SPARQL query from a request of generic type T.
Used in conjunction with the named queries templates, this feature allows for the
development of multiple “packaged resolvers” on the same Semantic Graph Manager by
supplying it with the appropriate Guice Module.

As an example of the instantiation of a specific packaged resolver, the following statement creates
a Location Resolver:

SemanticGraphManager sgm = SemanticGraphManager.getInstance(new
LocationResolverModule());

The instruction above will result in the following instantiated resolver:

€3 QuenyBuilder Function<T,String=
org it2rail zemanticgraphmanager

A

| £ NamedQueriesProvider }{] -------- | (2 NamedQueries |

£ IFQueryBuilderFactory

_________________________________________________ org itZrail semanticgraphmanager

(®SemanticGraphManager

org it 2rail =emarticgraphmanager

@ huildGuery( T Abstracttodule) GueryBuilderFunction=T String=

Vo

| (@ LocationsQueryBuilderFactory |

Vi
| (®LocationQueryBuilder |

(S EntityManagerimpl --------------ooeeooeanes )i OMutabIeDataSuurce|

: & | @ IFGeoCodingService |
i SR B :
(O RAFGENerator [--—---ooooeeeoeeeeeo | {@#DataSource i
i (® GeoNamesService
| (3 RepositoryDataSource

9.3 LOCATION RESOLVER SERVICE

The Location Resolver service is implemented as a web service that exposes an interface to the
IT2Rail shopping components to generate a list of “infrastructures”, e.g. Airports or Rail Stations,
located within a given radius of a reference point.

It is a ‘packaged resolver’ in the sense that it is a specific configuration, i.e. “package”, of the
Semantic Graph Manager dedicated to a particular “resolver” job which involves, additionally, the
automatic conversion of a request/response XML message according to a given schema to/from
the semantically annotated data stored in the distributed triple store.

For this purpose the following has been developed for CREL:
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1. The relevant subset of the IT2Rail ontology, expressed in OWL, has been converted into a
set of java classes annotated with the terms of the ontology for use by the IT2Rail rdf
framework RDFGenerator.

2. The process for conversion of the ontology for use with the IT2Rail rdf framework is the
following:

a. OWL Classes (concepts) are Java classes with an RdfClass annotation with the
same namespace and concept name

b. A data or object property in the ontology with Range a given Concept is an
RdfsProperty annotated getter of the java class that represents Concept. The type
returned by the getter is the Domain type of the data or object property of the
ontology

3. The external XML request/response message schemas have been converted to java jaxb
bindings using a standard jaxb maven plugin

4. The resulting jaxb bindings have been annotated with the terms from the ontology through
the IT2Rail rdf framework mechanism establishing semantic correspondence between the
jaxb bindings and the ontology java classes

5. Template SPARQL queries have been created and stored for use by the Semantic Graph
Manager

6. A specific implementation of the IFQueryBuilderFactory interface has been created which
is, in effect, the only Location Resolver specific implementation: the rest of the functionality
is provided by the Semantic Graph Manager

While this “annotation” process, which provides the RDFGenerator with the necessary instructions
to perform lifting/lowering to/from syntactic to/from semantic levels, has been performed manually,
it is to be noted however that no java methods have been written, so that only the “ontology”
language has been involved. Additionally as a result of the exercise it has been determined that a
maven plugin could be written to automate at least in part the process in the further development of
the technology.

The following fragment of the Location Resolver maven pom lists the dependencies:

<groupld>it2rail.if.locationsresolver</groupld>
<artifactld>it2rail-locations-resolver</artifactld>
<version>1.0-CREL</version>
<name>WP1 Locations Resolver for IT2Rail</name>
<description>IT2Rail Interoperability Framework Locations Resolver</description>
<organization>
<name>It2Rail project Work Package 1 Interoperability Framework</name>
</organization>
<properties>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
<project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>

</properties>

<dependencies>

<dependency>
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<groupld>it2rail.if.semanticgraphmanager</groupld>
<artifactld>it2rail-semanticgraphmanager</artifactld>
<version>1.0-CREL</version>
</dependency>
<dependency>
<groupld>it2rail.if.ontology.infrastructure</groupld>
<artifactld>it2rail-ontology-infrastructure</artifactld>
<version>1.0-CREL</version>
</dependency>
<l-- https://mvnrepository.com/artifact/org.geonames/geonames -->
<dependency>
<groupld>org.geonames</groupld>
<artifactld>geonames</artifactld>
<version>1.0</version>
</dependency>

</dependencies>

The following figure depicts the Location Resolver service instantiated by supplying the Semantic
Graph Manager with the specific LocationResolver Guice module.

In particular the LocationResolverQueryBuilder creates the specialized SPARQL queries needed
by the implementation of the service, and uses an implementation of the IFGeoCodinglinterface,
also injected through the Guice Module, to obtain geo coordinates of requested points of interest to
be used in identifying StopPlaces in the distributed semantic graph stored in the triple store.
Injection of the geocoding service in the LocationResolverQueryBuilder allows for choosing any
one of the multiple such free or commercial services available from multiple providers.
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3 LocationResobver

org.it2rail ifw resolverservices locationnesalver

@ getStopPlacesReguestGuery:infrastructures

B

(2 LocationResolverimpl

org.it2rail ifw resolverservices locationnesalver

C? LocationResolverimpl()

@ getStopPlacesReguest(Guery ) Infrastructures |-
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(®NamedQueries

| 9 NamedQueriesProvider

_____________________________________________________________________________________________

| (& SemanticGraphManager |

(3 LocationResolverModule

org it2rail semanticgraphmanager. module

< configurel ) vaid

@ IFQueryBuilderFactory

org it2rail .semanticgraphmanager

e

(9 LocationsQueryBuilderFactory

org it2rail semanticgraphmanager. madule

OCLocationSGueryEluiIderFacTory()

@ buildQuery T Abstracttodule): GueryBuilderFunction=T String=

(®LocationQueryBuilder
ong.it2rail.ifw.quenyfactony

@ buildLocationGuery (Suery 1 String
@ getToponymi ) GeoTaponym
@ getReferencePaoint(Guety ) ReferencePoint

-GEOCODINGEERWICE | 0.1

@ IFGeoCodingService
org.it2rail ifw.geocoding

(& GeoNamesService
ong.it2rail.ifw geacoding
OCGeoNamesService(j
@ getCoordinates(String ) GeoTopanym
@ getCoordinstes(LocationdddressGuery ) GeoToponym

9.4 TRAVEL EXPERT RESOLVER

The Travel Expert Resolver service is implemented as a web service that exposes an interface to
the IT2Rail shopping components to generate a list of descriptors of “Travel Expert” web services
that can generate Offerltems for a given “MetaRoute”, i.e. an ordered pair of start and stop

StopPlaces.

The Travel Expert resolver is also a “packaged resolver” in the sense described above, i.e. itis a
specific “packaging” of the Semantic Graph Manager to perform the defined “resolver” job.

As with the Location Resolver, the “packaging” is obtained for the Travel Expert resolver using the
same process of annotations, creation of the query builder functionality and binding to Semantic
Graph Manager interfaces as necessary through a specific Guice Module.

The java classes generated from the ontology are of course shared across all packaged resolvers
as a jar archive listed in the specific resolver’'s maven pom file, as in the following fragment:
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<groupld>it2rail.if.travelexpertresolver</groupld>

<artifactld>it2rail-travelexpert-resolver</artifactld>

<version>1.0-CREL</version>

<name>WP1 Travel Expert Resolver for IT2Rail</name>

<description>IT2Rail Interoperability Framework Travel Expert Resolver</description>

<organization>

<name>It2Rail project Work Package 1 Interoperability Framework</name>

</organization>

<properties>

<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>

<project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>

</properties>

<dependencies>

<dependency>
<groupld>it2rail.if. semanticgraphmanager</groupld>
<artifactld>it2rail-semanticgraphmanager</artifactld>
<version>1.0-CREL</version>
</dependency>
<dependency>
<groupld>it2rail.if.ontology.infrastructure</groupld>
<artifactld>it2rail-ontology-infrastructure</artifactld>
<version>1.0-CREL</version>
</dependency>
</dependencies>

(S StopPlaceltil

org it2rail ifw travelexpert util

& stopPlaceltic)
QsgetStopPIaceFromGraph(S‘topPlace):StopPlac:e

(9 NamedQueries

QSgetMe1aTraveIExper‘lEpisode(MetaTravelExpar‘tEpisode):MetaTravelExpertEp\soda

@ TravelExpertResolver

org.it2rail ifw resolverservices travelexpertresalver

© getTraveExpentsiMetaRoute MetaRoute | .~

(® TravelExpertResolverimpl
o ) (@ TravelExpertResolverModule -
org.itzrail itw resolverservices travelexperresolver
ong.it2rail module

QDTraveIExpeﬁResolverlmp\()
@ getTraveExperts(MetaRoute) MetaRoute

€@ NamedQueriesProvider

-namedGueries | 0.1

< configurel): vaid

T

(3 TravelExpertServicesCache
ong.it2rail.ifw travelexpert .otil

ngeﬂns‘tance():TravelExper‘tServicesCecha
ngaTravelExpeﬂsCache[):Collection<TraveIExpen>
nge1TravelExpeﬂByName(String):TraveIExpert

& gt TravelExpenByIRIString): TravelExpert
ngeﬂravEIExpenByStDpPlacelRl(String).Trave\Exper{

-instance
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The Travel Expert Resolver service conforms to the same principles as the Location Resolver but
uses two additional utility classes, StopPlaceUtil and TravelExpertServiceCache, as helpers during
the CREL implementation to emulate the presence of Travel Experts that were not available at this
stage of the project.

End-of-document
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