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INTRODUCTION

This document represents an update concerning the design and implementation of the
Interoperability Framework, envisaged for the Additional Release (AREL) of IT2Rail. Most of
descriptions have been provided following the same approach used during the Core Release (CREL)
as that release represented the building block for later enhancements planned both in the Additional
and Final Release (FREL).

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 additional release (AREL) 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 domai n 0 sheOntotogy Webg singuade (CyL)
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 fipackagedd data discovery, query

such as Airports, Bus Stops, etc.

4. The Travel Expert Resolver service, which uses the Semantic Graph Manager to provide
Apackagedod service discovery from the Se
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 IT2Rails 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
organisation, 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 centralised platforms or single standards.

While the first requirement is inherent to the ci
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 harmoniseds ynt act i cally to some common for mat,
formats st a n d a r ddissitauted hetar@geneous systems are prevented from interoperating by
semantic heterogeneity, which can be described as follows:

Aln current database systems most of the data semant
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--o r f e d e r-&ffoit mecausg fefs of local assumptions clash and local applications do
not have access to the semantics represented in the "foreign" applications. This is the semantic
heterogeneity problem. When semantic information that is hidden in applications is made explicit and
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accessible through the database then the semantic problem becomes a much more tractable syntactic
probl el [é].

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 organisation 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

fundament al obstacle to interoperability becomes

the costs of participation in the controlling organisation, the cost of the organisation 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
cal

the It2Rail projectand managed by the projectobés Techni

However, some specific design drivers apply to the Interoperability Framework, and in particular in

addressing the following engineering challenges:

1 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.

1 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

Aiintegration projecto, to choose their

own

language for their exchanges, using or discontinuing the semantic transformation services

according to their own timeline.

! Ventrone, V., & Heiler, S. Semantic Heterogeneity as a Result of Domain Evol8t@MOD RECORD20, 4: pp.

16.20, 1991
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In particular, the design of the IF is conducted so as to:

1 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 framewaorks, repositories,
workflow managers, etc.

1 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.

1 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.

1 The design of the Interoperability Framework is model driven, and integrated with other
components of the | T2Rai l project in the same mod e
Diagrams in this document are extracted from the model.

1 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

1 Travel Shopping is a logical component in the IT2Rail eco-system involved in the realisation
of the AManage Mobility and travel rights del
Locations, Resolve Travel Expert and Mediate Travel Expert Invocation capabilities to this
Actor in the execution of the Use Case;

1 Trip Tracker is a logical component in the IT2Rail eco-system involved in the realisation of
the ATrack I tineraryo Use Case. The | F provid
Actor in the execution of the Use Case ;

1 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;

1 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;
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9 OfferProvider 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;

1 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;

1 Ontology Engineer is an Actor responsible for developing and maintaining the IT2Rail
ontology;

1 Annotation Engineer is an Actor responsible for the semantic annotation of web service
descriptors and data provided by Transport Service Providers, OfferProviders 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.

o GIF Resolver Services
E $____| Location Resolver
§7] shopping Orchestrator DS Get Stop Placeiup//_‘{’: IF Process
| @ Mobility
TS Decode [ Query
@ Mobility T
D=l StopPlace Lis B
| IF Return
® Stop Places
| |&
D=3l Prepgre Travel Expert|List EE Travel Expert Resolver
D=3l Get Travel Experts List | ——— :
r — @ IF Proces TE
TS Prepare ‘ Query
@ Travel Expe
List
D=1 Travel Experts Ost—+—u_| ———
i IF Return TE
@ service
descriptors =

Figure 1: Resolver Services in relationship with Travel Shopping
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§]1F Semantic Broker

§ ] Offer Builder £717S Travel Expert Offer Builder
Original TE request D= Original TE Response e
_ Get bffer ftem List 9 %—A——fidv D=1 Get Offgr ltem Frqm Travel ﬁpms
TS Get Itinera > 3
@ Offer tems IF Process TE | IF Mediate TS Compute
From Travel 1@ Broker Request @ I'\F1 Perform o @ Travel Expert L&D Itinerary Offer
Experts |d Offer Tte {Proxy) LS = (Proxy) D=1 Priced Offer ltem em
D] Mapped TE Reponse D=2l Mapped TE Request
&

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 £ ]IF Resolver Services
EventsListenin
G g %:\ Events Source Resolver
D=1 Get event
/,W @ [F Process E
—1 Query
X TT Invokelistenin '

IF Return ES
service
descriptors

Hvent 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
Offersand Shopi Pr ovi de i tinerary of fManage Mobilitysanddravel aghts | i t i e
delivery fAUse 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 ACapabilitieso

3.1.2 IFin Track Itinerary Use Case

The Interoperability Framework provides capabilities included in the Activate Tracking capability of
thé@&rAdck IlItinerary fAUse Case
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Track Jtinerary Activate tracking
——(<)
®in

Manage affernatives Resolve Evints Sources
. TravelEventProvider
Perform Ev%% Processing Q

Figure 5: Track Itinerary Use Case

The Interoperability Framework participates in the Use Case by providing the Resolve Events Source
capability to the Use Case.. This capabilityisdescribedi n t he fACapabilitieso
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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

I n addition t o Manage Nlobiltyiapdaravel mghtsd enl itvheer Vio and ATr i p
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;

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

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

= =4 -8 4

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.
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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 Semgntic Graph
¥ e 4LAl 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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TravelEventProvider Aancisans Eapinece

Maintain Senvice Registry

SLA| Transport Service Operator

i

ke»

Maintain Se:r: ntic Graph $LA| IF Assets Manager

Figure 8: IF asset management capability i 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 T Maintain Data Semantic Graph
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4.2 |F RESOLVER SERVICES

Geocoding Services

Resolve Travel Expert

Travel Shopping
<= &2

\ Interoperability Framework

3LA) Linkedgeodata Triples Store|
s ¢ ? $L]IF Resolver Services

Location Resolver Travel Expert Resolver Events Source Resolver

Resdlve Ldcations

(Cr 2

Geonames Triples Store /

Dbpedia Triples Store

TravelEventProvider Resolve Events Sources TripTracker
_

Figure 10: IF Resolver Services

4.2.1 Provide Network Statistics Data

The Interoperability Framework provides a capabiltyt o gener at e fANetwor k Stati
distributed semantic graph, i.e. a list of transportation connections for the different mode of transport,

each associated with fundamental #Astatistics,0 sucl
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 i me-t @t wor Ko over which smart
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 T respectively - identify and obtain Stop Places associated with a mobility request

from a distributed semantic graph spanning the Interoperability Fr amewor k6s i nter nal
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

di stributed semantic graph spanning the I nterope
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 | nter ope mexemalTriple Storesr amewor kdés i

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 realises one of the possible deployable architectures of the Interoperability
Framework.
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Mediate Travel Expert Invocation

_ Travel Shopping

OfferltemProvider

Interoperability Framework

IF Semantic Broker

I fasets Managet

‘8L]Broker Ontology Manager

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 D21 Data Grap!
Notification
——0
..
Rescurcds RDFyier = = o |
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 Service Descriptpr {3 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 realisation

Logical Description Component
Function

IF Approve . WorkFlow Manager
VersriJgn 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 Realisation

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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IF Classify Ontology is classified with inference engine to Ontology Editor
Ontology materialise inferred triples and provide ontology

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

Perform Maintain Semantic Graph realisation activities

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

5.1.3 Functions in Maintain Service Registry realisation

Web Services

(A)

Activity performed by Resource Provider to publish
Web Service descriptor files

Logical Description Component
Function
IF Publish Resource Provider

(external Actor)

and Mappings
(A)

mappings and schemas

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

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 realisation
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 RDF . . R rce RDFyer
y Transform data into rdf triples esource ye
Resource
Perform Maintain Semantic Graph realisation activities
Persi . . o i
ersist . Persist data as semantic graph in triples store Triples 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
N Request 4 ! Query
:' ‘| .I GTnp!es Store
1 D=3 SPARQUINetwork
y 1 ¥ Sl L QueryD:ﬂ selectFromGaph, insertintoGraph, connect, clgarGraph [ ]
' A '
: \ ' i A 33, L
= X -~ 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 realisation

Logical Description Component

Function

IF Process Network Graph

Network Data Receives and validates Network Data Request Manager

Request

IF Buil mantic Graph
uild Transforms network data request and prepares Semantic Grap

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

G[F Resalver Services

§ ] Location Resolver

§] GeoCoding Service

]G Semantic Graph Manager}

" IF Process [ io2 D= get Location geoCoordinates N @ I.Ig:anttii;)rl\s
| © Mobility D=3 Mobility Query Pl ‘t

' Query

;

B | = Locations Qu D=3l locatigh geoCoordinates
' ' il
" ‘| ," GIF Assets Manager
,, |‘ ’, D=1 SPARQIMobility Que DilseledFromg?ph, insertintoGraph, corinect, clearGraph
v W S S 5 "\ § JTriples Store
! ) ; o D=5 SPARQL Mobility Query e .
IF Process Sem 5 e
3 t j @ 2 R IF Query
) ' L) Locations Query J# Semantic Graph
1 [
[} ' ) D=3 Sfop Place Triples -
) ' [}
[} ' ) =
% ; 3 D=5 StopiPlace Triples
[) ' 1
) ' ) 4
v v
l ggregate Sem
Location Query IF Resolve Locations
@ Slfoie;:ﬂ : I D=3 Stop Place List REchls H%

&

Figure 15: Resolve Locations activity diagram

Functions in Resolve Locations capability realisation

Logical Description Component
Function
IF Pr . : . Location Resolver
.(.)cess Receives and validates mobility request
Mobility Query
Identif : - GeoCoding Service
.y Gets geoCoordinates for mobility request g
Locations
IF Build Sem . . Semantic Graph
. Transforms mobility request and prepares locations
Locations . Manager
semantic query
Query
IF Process Connects to Triple Stores and submits locations Semantic Graph
Sem Locations | semantic query for processing Manager
Query
IF Query Queries semantic graph and retrieves result triples Triple Store
Semantic
Graph
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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 Locations Resolver
Places

5.2.3 Resolve Travel Expert

EI[F Resolver Services

§ ] Travel Expert Resolver ] Semantic Graph Manager| Hq{ IF Resolve Travel Expert
D=3 Trapel Expert Descriptor Query
IF Build Sem
IF Proces
®TE Query TE Query
vl IF Assets Manager
]
S SEAROLIE Duery L L B H] GTrlp)es Store
: D=3
] E 1 0 SPARQL TE Query =
© pocess @ semantic
Sem TE Querx Graph
D=31 TE Service Descriptor triple
4 D=3 TE deskriptor triples
IF Return v
@ TE service ﬁggregate &
Sem TE Query

Results

descriptorg
I D3[Travel Expert Descriptor

&

@

Figure 16: Resolve Travel Expert activity diagram

Functions in Resolve Travel Expert capability realisation

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 Semantic Graph

TE Query travel 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
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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

5.2.4 Resolve Events Source

§ 11 Resolver Services H% IF Resolve Event Source
EI Shenits Source Reaghier G Semantic Graph Manager|
$:|IF Assets Manager
@ IESPEQO::;S D=3l Events Source Query @ ISFeE:”EI'g
uery
D=3 SPAHQL ES Query E E : |
i D=3 SPARQL ES Query o i:lTripIes Store
E A @ IF Process Sem ! IF Query
- ES Query Semantic
D=3l Events Sourge descriptor triples Graph
D=2l Events Sounge descriptor triples
IF 5
(5] Re;;xm ﬁgregate &
service I D=1 Event Source descriptors Sem ES Query
descrip... Results
& &
&
Figure 17: Resolve Events Source activity diagram
Functions in Resolve Events Source capability realisation
Logical Description Component
Function
IF Process ES . : Events Source
Receives and validates Events Source request
Query 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 Semantic Graph
Sem ES Query | source semantic query for processing Manager
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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 | source descriptor results Manager
Results

IF Return ES Generates list of Events Source descriptor Events Source
service response Resolver

descriptors

5.3 IF SEMANTIC BROKER

Figure 18: IF Semantic Broker activity diagram

Functions in Mediate Travel Expert Invocation capability realisation

Logical Description Component
Function
IF Process TE | Receives and validates a request for Offeritems Semantic Broker
Broker Request | from OfferBuilder (WP2 defined function), binds to
(Proxy) JSON schema ontology
IF Perform Applies transformation of request to target Travel Semantic Broker
Mappings Expert interface using imported mappings from

Broker Ontology
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