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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 domainôs 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 ñpackagedò data discovery, query and aggregation about transport ñinfrastructuresò 

such as Airports, Bus Stops, etc. 

4. The Travel Expert Resolver service, which uses the Semantic Graph Manager to provide 

ñpackagedò 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 óenvironmentô 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 

ódata formats standardizationô, distributed heterogeneous systems are prevented from 

interoperating by semantic heterogeneity, which can be described as follows: 

ñIn 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 [é]--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 

problem [é].
1
ò 

 

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 ñlocal 

sharingò, 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 projectôs 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.  

 

¶ 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 ñintegration projectò, to choose their own roadmap for adoption of the 

                                                
1
 Ventrone, V., & Heiler, S. Semantic Heterogeneity as a Result of Domain Evolution. SIGMOD RECORD, 20, 4: pp. 

16.20, 1991 
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ónativeô 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 ñCapellaò. 
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 ñManage Mobility and travel rights deliveryò 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 ñTrack Itineraryò 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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¶ 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. 

 

¶ 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. 

 

¶ 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. 

 

¶ Ontology Engineer is an Actor responsible for developing and maintaining the IT2Rail 

ontology. 

 

¶ 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. 

 

Figure 1: Resolver Services in relationship with Travel Shopping 
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Figure 2: Semantic Broker in relationship with Travel Shopping 

 

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

Tracker components 

 

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 ï Provide itinerary offer items capabilities of the ñManage Mobility and travel 

rights deliveryò Use Case. 
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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 ñCapabilitiesò chapter of this document. 

3.1.2 IF in Track Itinerary Use Case 

The Interoperability Framework provides capabilities included in the Activate Tracking capability of 

the ñTrack Itinerary ñUse Case. 
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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 capability is described in the ñCapabilitiesò chapter of this 

document. 
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3.1.3 Manage IF Assets and Publish Resources 

 

Figure 6: Manage IF Assets and Publish Resources Use Cases 

 

In addition to participating in the ñManage Mobility and travel rights deliveryò and ñTrip Trackingò 

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 

¶ 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 

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 

 

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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Figure 8: IF asset management capability ï 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. 

 

 

Figure 9: IF asset management capability ï Maintain Data Semantic Graph 
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4.2 IF RESOLVER SERVICES 

 

Figure 10: IF Resolver Services 

 

4.2.1 Provide Network Statistics Data 

The Interoperability Framework provides a capability to generate ñNetwork Statistics Dataò out of 

the distributed semantic graph, i.e. a list of transportation connections for the different mode of 

transport, each associated with fundamental ñstatisticsò 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 ñmeta-networkò 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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Figure 11: Provide Network Statistics Data capability 

 

4.2.2 Resolve Locations 

Resolve Locations is a capability used by the Travel Companion and Travel Shopping logical 

components to ï respectively - identify and obtain Stop Places associated with a mobility request 

from a distributed semantic graph spanning the Interoperability Frameworkôs 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 Frameworkôs 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 Frameworkôs 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 OfferItems 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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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 

5.1 MANAGE IF ASSETS 

 

Figure 13: Manage IF Assets activity diagram 

5.1.1 Functions in Maintain Semantic Graph realization 

Logical 

Function  

Description Component 

IF Approve 

Version 
Perform approval process on submitted resources 

WorkFlow Manager 

Build Semantic 

Graph 

Create semantic graph  from approved resources to 

be stored in triple store  

Resource RDFyer 

IF Send Asset 

Notification 

Send a notification of successful  resource approval 

to registered recipients 

WorkFlow Manager 

 

5.1.2 Functions in Maintain Ontology Realization 

Logical 

Function  

Description Component 

IF Edit and 

Publish 

Ontology (A) 

Activity performed by Ontology Engineer to publish 

Ontology  

Ontology Engineer 

(actor) 



                       

 

 

Contract No. H2020 ï 636078     

 
 

 

 

ITR-WP1-D-FIN-026-02 Page 23 of 68 13/12/2016 
 

Logical 

Function  

Description Component 

IF Classify 

Ontology 

Ontology is classified with inference engine to 

materialize inferred triples and provide ontology 

validation 

Ontology Editor 

IF Import 

Ontology 

Published and classified ontology is imported into 

workflow management 

WorkFlow Manager 

Perform Maintain Semantic Graph realization activities 

Persist 

Ontology 
Persist Ontology as semantic graph in triples store 

Triples Store 

 

5.1.3 Functions in Maintain Service Registry realization 

Logical 

Function  

Description Component 

IF   Publish 

Web Services 

(A) 

Activity performed by Resource Provider  to publish 

Web Service descriptor files 

Resource Provider 

(external Actor) 

IF RDFy 

Resource 
Transform Web service descriptors into rdf triples 

Resource RDFyer 

Perform Maintain Semantic Graph realization activities 

IF Maintain 

Annotations 

and Mappings 

(A) 

Create and maintain semantic annotations, mappings 

and schemas 

Annotations Engineer 

(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 realization 

Logical 

Function  

Description Component 

Publish Data 

(A)  

Activity performed by Resource Provider  to publish 

data resources, e.g. Stop Place information 

Resource Provider 

(external Actor) 

IF RDFy 

Resource 
Transform data into rdf triples 

Resource RDFyer 

Perform Maintain Semantic Graph realization activities 

Persist 

semantic graph 
Persist data  as semantic graph in triples store 

Triples Store 

 

5.2 IF RESOLVER SERVICES 

 

5.2.1 Provide Network Statistics Data 

 

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

Logical 

Function  

Description Component 

IF Process 

Network Data 

Request 

Receives and validates Network Data Request 

Network Graph 

Manager 

IF Build 

Network stats 

sem Query 

Transforms network data request and prepares 

network data semantic query 

Semantic Graph 

Manager 

IF Process 

Network stats 

sem Query 

Connects to Triple Stores and submits network data 

semantic query for processing 

Semantic Graph 

Manager 

IF Query 

Semantic 

Graph 

Queries semantic graph and retrieves result triples Triple Store 

IF Package 

Network Data 

Results 

Processes triples results set and generates Network 

Data results 

Semantic Graph 

Manager 

IF Return 

Network Data 

Generates Network Data response Network Graph 

Manager 
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5.2.2 Resolve Locations 

 

Figure 15: Resolve Locations activity diagram 

Functions in Resolve Locations capability realization 

Logical 

Function  

Description Component 

IF Process 

Mobility Query 
Receives and validates mobility request 

Location Resolver 

Identify 

Locations 
Gets geoCoordinates for mobility request 

GeoCoding Service 

IF Build Sem 

Locations Query 

Transforms mobility request and prepares locations 

semantic query 

Semantic Graph 

Manager 

IF Process Sem 

Locations Query 

Connects to Triple Stores and submits locations 

semantic query for processing 

Semantic Graph 

Manager 

IF Query 

Semantic Graph 

Queries semantic graph and retrieves result triples Triple Store 

IF Aggregate 

Sem Location 

Query Results 

Processes triples results set and generates Stop 

Place results 

Semantic Graph 

Manager 

IF Return Stop 

Places 

Generates list of Stop Place response Locations Resolver 
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5.2.3 Resolve Travel Expert  

 

Figure 16: Resolve Travel Expert activity diagram 

Functions in Resolve Travel Expert capability realization 

Logical 

Function  

Description Component 

IF Proces TE 

Query 
Receives and validates Travel Expert request 

Travel Expert  Resolver 

IF Build Sem 

TE Query 

Transforms travel expert request and prepares travel 

expert semantic query 

Semantic Graph 

Manager 

IF Process 

Sem TE Query 

Connects to Triple Stores and submits travel expert 

semantic query for processing 

Semantic Graph 

Manager 

IF Query 

Semantic 

Graph 

Queries semantic graph and retrieves result triples Triple Store 

IF Aggregate 

Sem TE Query 

Results 

Processes triples results set and generates travel 

expert descriptor  results 

Semantic Graph 

Manager 

IF Return TE 

service 

descriptors 

Generates list of Travel Expert descriptor response Travel Expert  Resolver 
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5.2.4 Resolve Events Source   

 

Figure 17: Resolve Events Source activity diagram 

Functions in Resolve Events Source capability realization 

Logical 

Function  

Description Component 

IF Process ES 

Query 
Receives and validates Events Source  request 

Events Source  

Resolver 

IF Build Sem 

ES Query 

Transforms events source request and prepares 

events source semantic query 

Semantic Graph 

Manager 

IF Process 

Sem ES Query 

Connects to Triple Stores and submits events source  

semantic query for processing 

Semantic Graph 

Manager 

IF Query 

Semantic 

Graph 

Queries semantic graph and retrieves result triples Triple Store 

IF Aggregate 

Sem ES Query 

Results 

Processes triples results set and generates events 

source descriptor  results 

Semantic Graph 

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 

 

Figure 18: IF Semantic Broker activity diagram 

Functions in Mediate Travel Expert Invocation capability realization 

Logical 

Function  

Description Component 

IF Process TE 

Broker 

Request 

(Proxy) 

Receives and validates a request for OfferItems from 

OfferBuilder (WP2 defined function), binds to JSON 

schema ontology 

Semantic Broker 

IF Perform 

Mappings 

Applies transformation of request to target Travel Expert 

interface using imported mappings from Broker Ontology 

Semantic Broker 

IF Log Activity Logs input message and transformation Broker Analytics 

Manager 

IF Mediate 

Travel Expert 

(Proxy) 

Invokes remote Travel Expert with transformed interface Semantic Broker 

IF Mediate 

Travel Expert 

(Proxy) 

receives remote Travel Expert response with travel expert 

specific OfferItems 

Semantic Broker 

IF Perform 

Mappings 

Applies transformation of  response from Travel Expert 

interface using imported mappings from Broker Ontology 

Semantic Broker 
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Logical 

Function  

Description Component 

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

Manager 

IF Process TE 

Broker 

Request 

(Proxy) 

Creates response containing  OfferItems for OfferBuilder 

(WP2 defined function) 

Semantic Broker 

 

Functions in Manage Broker Ontology capability realization 

Logical 

Function  

Description Component 

Provide 

Ontology 

Performs query on Triple Store to find JSON Schema 

for requested Travel Expert 

Triple Store 

Provide JSON 

Schema 
Serves JSON schema 

Schema and Mappings 

Repository 

IF Import 

Schema 
Imports identified JSON Schema from repository 

Broker Ontology 

Manager 

Provide 

Mappings 

Imports identified  transformation mappings from 

repository 

Schema and Mappings 

Repository 

IF Import 

Mappings 

Invokes remote Travel Expert with transformed 

interface 

Broker Ontology 

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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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 

 

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.

 

 

Figure 21: Exchanges across components of the IF Semantic Broker 

7. INTERFACES 

  

7.1 IF ASSETS MANAGER 

 






































































