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1 Executive summary 

Several Architecture initiatives for the Railway system are currently in progress in Shift2Rail projects. 

However, these projects mostly address the architecture in a fragmented and isolated way, focusing on 

their own needs while an overarching architecture is required to support an evolution of the railway 

system towards digitized systems, migration of the legacy systems and significant breakthroughs 

introduction.  

 

Within ǘƘŜ ǇǊƻƧŜŎǘΩǎ work package 5, a collaborative platform is set up involving the project partners along 

with actors of already existing initiatives external to Shift2Rail (RCA, EULYNX, OCORA) and invited 

organisations or experts having developed in their respective sectors an Architecture approach. The 

Linx4Rail platform aims at developing, in a collaborative way, a European Railway System Architecture, 

federating the already existing initiatives and capitalising on lessons learned from other sectors. This 

document sets up the very first basics of the European Railway Architecture, developed within the 

LinX4Rail Project WP5. 

The architecture approach is now stabilised and should allow for iterative releases, enabling to 

progressively refine the architecture. 

A first iteration of LinX4Rail architecture views is proposed, establishing first relations between services, 

operations and resources involved in the railway system. 

Constraints and opportunities for the architecture design are captured. The objectives of the Architecture 

are introduced, from which main design criteria are developed.  The Architecture must support more 

performance and coherence in a service-oriented approach. It should allow for modularity, decoupling, 

upgradability, ability to migrate, interoperability... 

A layered structure is then proposed, along with its very first characteristics: Layers are seen as a tool for 

simple architecture description. The architecture should describe services, operation and 

resources/assets and manage their interactions. 

Some basic Architecture requirements as well as scoping properties and building principles are identified. 

The architecture must consider business and innovation dimensions: migrations as technical 

breakthrough must be embedded in the architecture. 

Finally, the next steps to the further releases of the Architecture, due end of November 2021 and in 2022, 

are outlined. 
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2 List of abbreviations & Definitions 

2.1 Abbreviations 

Abbreviation Definition 
EPF 9ǳǊƻǇŜŀƴ tŀǎǎŜƴƎŜǊǎΩ CŜŘŜǊŀǘƛƻƴ 
ROI Return on Investment 
WP Work Package 

CCS Control & Command Signalling  

OSI model Open Systems Interconnection model 
TOGAF The Open Group Architecture Framework TOGAF 
DODAF The Department of Defence Architecture Framework (DoDAF/USA) 
MODAF The Ministry Of Defence Architecture Framework (UK) 
NATO North Atlantic Treaty Organization 
OCD Operational Concepts Definition 
OCORA Open CCS Onboard Reference Architecture 
RCA Reference CCS Architecture 
L4R LinX4RaiL project 

 

2.2 Definitions 

 

Following definitions are derived from ISO/IEC 42000/010:2011[3]: 

 

Architecting Process of conceiving, defining, expressing, documenting, communicating, 

certifying proper implementation of, maintaining and improving an architecture 

througƘƻǳǘ ŀ ǎȅǎǘŜƳΩǎ ƭƛŦŜ ŎȅŎƭŜ 

Architecture Fundamental concepts or properties of a system in its environment embodied in 

its elements, relationships, and in the principles of its design and evolution 

Architecture Description Work product of system architecting, expressing the architecture of a system of 

interest 

Architecture Framework Conventions, principles and practices for the description of architectures 

established within a specific domain of application and/or community of 

stakeholders 

Concern Stakeholders of a system have concerns with respect to the system-of-interest 

considered in relation to its environment. A concern could be held by one or 

more stakeholders. Concerns arise throughout the life cycle from system needs 

and requirements, from design choices and from implementation and operating 

considerations. A concern could be manifest in many forms, such as in relation 

to one or more stakeholder needs, goals, expectations, responsibilities, 

requirements, design constraints, assumptions, dependencies, quality attributes, 

architecture decisions, risks or other issues pertaining to the system view 

Environment Context determining the setting and circumstances of all influences upon a 

system 

Stakeholder Individual, team, organization, or classes thereof, having an interest in a system 
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Systemic and analytic The systemic approach is more related to top-down analysis, where in the top 

approach the approach concentrates on gathering different viewpoints on the whole 

system 

 The analytic approach is more related to bottom-up analysis, where in the 

bottom the approach concentrates on isolating viewpoints and focusing on their 

design. 

The analytic and the systemic approaches are more complementary than 

opposed, yet neither one is reducible to the other. 

View and Viewpoint A viewpoint is a way of looking at a system; a view is the result of applying a 

viewpoint to a particular system 
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3 Purpose of the document 

The purpose of this document is to propose a first release of the European Railway Architecture.  

 

The LinX4Rail project ambition, following the co-existence of a number of architectureΩǎ works within 

Shift2Rail and outside (OCORA, RCA-EULYNX,FRMCS), is to set-up a collaborative platform where all the 

initiatives would converge in building, in a cooperative way, an Architecture for the European Railway 

system. 

 

This document presents the preliminary release of this Architecture within the framework of LinX4Rail 

WP5.2, namely: 

¶ The problem statements 

¶ The applied methodology  

¶ What was achieved: the results  

¶ What remains to be done 

 

It is the result of a series of 15 workshops organised in 2020 within the framework of WP 5.2 of LInX4Rail 

Project. Further work in the frame of WP5.2 will lead to successive releases of the Architecture at the end 

of November every year. 

 

The current vision presented in this document, will be developed all along the project and detailed by 

subsystems in the following releases to come, in parallel with an assessment of the on-going initiatives, 

either inside Shift2Rail or outside.  
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4 Problem statement 

4.1 No generally agreed architecture for the railway system exists today 

In spite of the attempts made in the TSI to build an architecture for the Railway System with the view of 

setting minimum requirements for interoperability, no general initiative was taken so far by the sector to 

build an architecture covering the entire Railway System, in which more limited scope initiatives coming 

from various stakeholders would fit. Indeed, some initiatives of architecture occurred, either within 

Shift2Rail, or external by various stakeholders (e.g. OCORA, RCA), but always with a limited scope (e.g. 

CCS on-board for OCORA, wayside CCS - including ATO - for RCA, TMS, energyΧύ. 

However, since there are initiatives on-going that only cover various subsystems, a need was felt for an 

integral and comprehensive railway system architecture. 

Given the challenges in terms of capture of market share in the future 20 to 30 years, and the 

opportunities given by digitalization, it appears obvious that, similarly to other sectors like Air Traffic 

Management but also Autonomous Road Vehicles introduction in the ecosystem, a Rail System 

Architecture is needed. 

Ҧ Need to learn from outside railway sector (SESAR, Academics, IFC, 
Automotive sector) 

In the industry, architectures are traditionally built to understand a system in order to facilitate 

development, deployment and operation. 

There are lessons to be learned from railway initiatives όŜΦƎΦ {нwΣ w/!Σ h/hw!Σ LC/ǎΧύ ōǳǘ ŀƭǎƻ from other 

relevant branches of industry (e.g. SESAR, Academics, IFC, Automotive sectorΣ ŘŜŦŜƴŎŜκb!¢hΧ).  

Ҧ In the quest for interoperability, TSIs are necessary but not sufficient  
To boost transformations and the integration of the European railway system, migrations of existing 

railway systems shall be facilitated. The TSIs provide basic architecture requirements and solutions that 

answer to some essential requirements. 

A common architecture may supplement the structure and requirements presented in TSIs and standards 

describing the relationship between subsystems in order to guide manufacturers and operators in their 

implementations. With an executive sector governance backing the architecture, it will facilitate and 

accelerate European migration processes with solutions made in Europe. 

Ҧ Integration of the SERA as a virtuous process for the sector 
.ŜǎƛŘŜ ǘƘŜ ƭŜƎŀƭ ŘŜŦƛƴƛǘƛƻƴΣ ΨLƴǘŜǊƻǇŜǊŀōƛƭƛǘȅΩ ƛǎ ŀ ŎƻƴŎŜǇǘ όǘƻ ōŜ ŀŎƘƛŜǾŜŘ ƴƻǘŀōƭȅ ǘƘǊƻǳƎƘ 9w¢a{ ŀǎ ƛǘǎ 

executive instrument in the subsystem CCS) that has been developed in the early nineties of the last 

century by the railways themselves as an answer to the question how to improve the efficiency of 

international rail transportation. Later, the concept has become an instrument of EU policy to establish 

the railways as the backbone of the European transport system, reǉǳƛǊƛƴƎ ŀ Ψ9ǳǊƻǇŜŀƴΩ Ǌŀƛƭ ƴŜǘǿƻǊƪ 

(SERA).   

 

For a matter of competitivity with other transport modes but also of global leadership of the EU rail 

industry, the establishment of SERA is a key enabler for successful future of the railways. Establishing 

SERA is only possible with a convergent (i.e. compatible) approach on services, operation and product 

supply supporting a unified system and described in a harmonised European railway architecture. Such 

architecture is an essential input for railways to benefit from the implementation of ERTMS when 

implementation expenditures are balanced with revenues and (operational, financial, performance, 

migration) user risks are effectively mitigated.  This requires strict harmonization on a service 
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(proposition, offer), operational (asset owner, asset user) and technical (asset manager) level and a 

common architecture, pre-emptively involving the suppliers to align the supply chain product 

development effort. A comprehensive harmonized architecture would be a key asset for identifying 

interoperability needs, enable changes required by innovation, it would ultimately help identifying all 

stakeholders and their interests, and allocate a position to those stakeholders and their interests in the 

SERA governance structure. 

 

 

 

4.2 A number of existing initiatives inside and outside Shift2Rail  

Ҧ Various scopes that are loosely/partly connected 
There are today various architectures used or being developed in the railway sector, but no generally 

agreed architecture for the railway system in Europe as an integral whole.  

Each initiative has its own limited perimeters with various objectives that have to integrate each other 

with ad hoc modelling of interfaces, limited to the scope of the initiatives. 

As of now, there is no general framework allowing for a systematic approach on establishing the 

consistency and relation between all subsystems. There is today no way to connect initiatives and manage 

their compatibility. 

Ҧ Sector initiatives are based on specific business objectives and derive an 
architecture accordingly: most often starting from an analytic approach 
rather than a systemic approach  

 

Current initiatives are based on specific business objectives and consequently derive architectures 

accordingly, most often starting from an analytic approach of a subsystem to be either digitized, or 

developed, rather than a systemic approach. With different business objectives not yet aligned in a 

general business view on the Sector, it is difficult to assess the added value for the whole railway sector 

of accommodating specific stakeholder business objectives or interests.  

Moreover, with different and overlapping stakeholder scopes, it is hard to integrate initiatives into a 

global and systemic picture as each of them follow their own analytic approach for solving a specific (range 

of) problem(s) and without an agreed methodology or framework. 

Without coordination and alignment, solutions may be optimised from certain business perspectives, but 

are not necessarily an optimum for the sector as a whole. 

A technology agnostic approach (unbiased towards the use of different technologies) is requested, i. e. 

the system architecture shall be capable to integrate different and evolving technical solutions. 

Furthermore, the system architecture shall be capable to evolve in terms of functions without 

jeopardising crucial system interfaces. The intent of railway system architecture is to model the abstract 

architectural elements in the domain of interest independent of the technologies, protocols and products 

that are used to implement a specific solution for the domain. 
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4.3 Need for a more global vision of the system, supported by all 

involved stakeholders  

Ҧ Need to align input from the Architectures with Common Business 
Objectives 

 

Bringing several important stakeholders together in order to define an architecture supporting migration 

in Europe, may appear to be a complex task. Indeed, with sector initiatives growing from various sector 

interest groups, there is an opportunity for dynamic collaboration, but also a risk of divergence when their 

various business objectives are confronted. Moreover, in the various initiatives developed so far, the 

business objectives were maybe not explicit, nor clarified, which might have entailed difficulties of 

adoption for other parties not concerned by these (sometimes implicit) business objectives. Furthermore, 

it might happen that the business objective of one of the stakeholders could even be irrelevant to other 

parties involved and who are then asked to adopt architecture proposals advocated by this stakeholder. 

 

However, in WP5.1 ά/ƻƳƳƻƴ Business hōƧŜŎǘƛǾŜǎέ ƻŦ ǘƘŜ [ƛƴ·пwŀƛƭ ǇǊƻƧŜŎǘΣ ǘƘŜ ōǳǎƛƴŜǎǎ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ 

various stakeholders were listed and Common Business Objectives for the Sector were defined [D5.1]. 

With the result of this work as a reference, there is a good opportunity to develop a common architecture 

that can guide the European railway technology roadmap and enable maximum satisfaction of sector 

common business objectives, hence facilitating adoption by the Sector. 

Ҧ Need to link the initiatives to global KPIs of the railway sector 
 

Today railway customer expectations are known and documented in several studies. The following figure 

prepared by EPF illustrates those needs:  
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Considering that the performance of railway assets drives the performance of operations, the customer 

expectations should be traced to operation in order to allow for a clear modeling of railway system 

performance. Today, there is however no framework to establish those links. It is therefore impossible to 

find a common understanding on how a specific initiative contributes to more global KPIs applicable to 

the railway sector. 

Indeed, with an architecture where the relation between the assets or subsystems and customer 
expectations or KPIs of the sector will be made explicit, it will be possible to demonstrate the added value 
of an evolution of assets or subsystems to global performance or client satisfaction. 

 

Ҧ Need to manage a simple description of a complex system: a layered 
approach 

Other industrial sectors have adopted layers to describe their system architectures. Telecom systems are 

today structured by the OSI layer-based model that allows for continuous technical migration, the effects 

of which are made transparent for the end customer. SESAR Joint Undertaking, through its service-

oriented approach, is isolating a layer of service that is decoupled from system technologies and system 

integration. The automotive industry (AUTOSAR initiative collaboration, for instance) looks at layers to 

structure technology approaches. RCA-EULYNX and OCORA provide comprehensive sub-system 

specifications with Standard (Data) Communication Interfaces (SCI) based on the traditional OSI model. 

By learning from these initiatives, the railway system architecture should capitalise on these emerging 

practices. 

 

A layer-based structure should allow moving towards architecting ambitions: 

¶ 9ƴƘŀƴŎŜ ǎŜǊǾƛŎŜǎΩ ŘƛƳŜƴǎƛƻƴ ŀƴŘ ŘŜŎƻǳǇƭŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ŜƭŜƳŜƴǘǎ 

¶ hǇǘƛƳƛǎŜ ƛƴǘŜǊŦŀŎŜǎΩ ŘŜǎƛƎƴ ŦƻǊ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ǎȅǎǘŜƳǎ ŀƴŘ ǇǊocesses involved in railway operations, 

¶ Enable overview for dynamic system consistency 

¶ Ensure a common and valuable decomposition of logical clusters, to guide standardisation as pivotal 

points for interoperability and migration. 
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5 Approach, process and development method  

In the following chapters, the key findings of the workshops will be presented. They mainly consist in: 

¶ An architecture approach and process 

¶ A high-level architecture description 

¶ A method for building subsystems / refining the architecture  

It is to be underlined that building an architecture is an iterative process. The architecture elements or 

objects may vary as the architecture is developed. However, high-level elements, such as the high-level 

architecture elements that will be presented hereafter, should remain stable as the process is developed. 

5.1 An Architecture approach 

Workshops have allowed to iteratively refine common understanding on the concept of an architecture 

for the railway system. The architecture approach described in this section reflects the general principles 

used for designing the architecture. 

Ҧ High level, covering all railway system, in priority CCS 
 

For the LinX4Rail Architecture framework development, a systemic approach complemented by heuristic 
exploration was chosen (see also approach developed in the reference document [1] Art of architecting). 

The architecture of the railway system will allow to understand how the various railway stakeholders 
contribute to the transport function delivered by trains running on a network. It should also progressively 
integrate the mechanism for adapting the transport offer to the end customer (e.g. crowd handling, dense 
traffic).  

The architecture shall trace the performance of assets that are ǇŀǊǘ ƻŦ ǘƘŜ Ǌŀƛƭǿŀȅ ǎȅǎǘŜƳ ǘƻ ŎǳǎǘƻƳŜǊǎΩ 
expectations and satisfaction. 

In order to best approach railway customer expectations, the architecture should be a tool to analyse the 
relations between railway operation and services. The architecture should also trace resources that are 
necessary to perform operations. Building these relations will allow to analyse opportunities for new 
services, enhanced operations and better resources. 

Ҧ Based on 3 layers: Services, operations, resources  
 

 

Following the principle to keep the architecture as simple as possible, the number of layers should be 

minimized. Three layers have been identified to start the architecture design in a pragmatic way. 

 

 LAYERS 

RAIL SERVICES OPERATIONS 
RESOURCE/TECHNOLOGIES & 

ASSET  

O
b
je

ct
iv

e 

Deliver value to customer 

Meet stakeholders expectations 

about service quality & performance 

(customers, authorities, interest 

group) 

Business objective: obligation to have 

ROI to provide value (shareholders) 

on a pull/push strategy 

Enabling the delivery of value to 

customer  

System that could comply with 

business needs (Capabilities for 

service) 

Ensure availability of 

transportation capacity (from A 

to B) 

Providing an operations 

toolbox 

Material & immaterial assets as 

drivers 
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C
o
n
te

n
t 

Contract/agreement with users:  
(in-) formal contract requirements of 

total needs of stakeholders 

Timetable as core concept / On 

demand as an alternative concept 

Change of customers' requirements 

push railway to transform 

Flexibility to fit with what customers 

want (on-demand, responsiveness) 

System able to meet customer 

needs (pull) & to provide new 

services to future needs (push) 

Users stay confident with 

technical back-office even if it 

changes regularly 

Optimisation strategy & 

Innovation management 

Planning, execution / PDCA (Plan, 

Do, Check, Act) 

Governance and rules 

Operational principles 

All physical/necessary assets to 

run/provide operations 

Knowledge & data as assets 

Technologies: Hardware, 

software, etc. 

Technologies as innovation 

drivers (availability, 

obsolescence, usability & 

opportunities) 

Operational constraints 

Functional performance 

Resource characteristics 

Interfaces 

Human capital (skills, 

competences) 

  

*Service: immaterial (to be used now, get versus when used) versus Product: material (use when wanted) 

 

In the 3 layers, functions are described. The description in the resource layer should go down to the 

physical implementation of functionalities. 

 

 
 

The main added values of layers are to enable innovation: 

¶ Inside a layer: new process, new resources, new service 

¶ Between layers: new relations, 

¶ New technologies: replacing a module by another 

 

Ҧ Minimal layer properties  
Layering should enable a simple and practicable architecture. Principles should be defined in order to 

structure architecture information and manage consistency between architecture elements. 

 

Content of layers: layers should be regarded as system architecture point of views. The relations between 

layers should allow to trace and optimise relations between business, technology and stakeholders. 

Performance viewpoints (cost, risks, safety, exterƴŀƭƛǘƛŜǎΧύ ŀǊŜ ǘƻ ōŜ ǳǎŜŘ ŦƻǊ ŀƴŀƭȅǎƛǎ ŀŎǊƻǎǎ ƭŀȅŜǊǎΣ ǘƘŜȅ 

will help to identify and model non-functional elements impacting the behaviour of the railway system. 
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Links between layers and within layers: typically, layers should help to rationalize information flows to 

provide services. For this, relations between architecture elements have to be designed between layers 

(e.g. how a function block can deliver a positioning report, that will be used to calculate the estimated 

time for arrival of a train) and within layers (e.g. an IT platform used for different assets). 

 

Management of layers: the identification of layers enables to gain agility in architecture design through 

independent teams (clusters) optimising the system with different viewpoints but in a consistent way. 

The first description of layers allows decomposing the architecture work in order for multiple teams 

(clusters) to work in parallel under the lead of the reference architecture cluster. 

 

While developing descriptions within each layer some elements should be further discussed: 

¶ Refining boundaries of/between the layers/sub layers: 

o Operating rules versus operational concepts, 

o Operation processes versus functional descriptions, 

o Railway assets versus railway resources,  

o Technical systems versus technical architectures. 

¶ Interoperability as a view on, or a capability of, layer definition. 

¶ How to ensure consistency in the information (communication between layers, transmission of 

information between layers). 

 

Ҧ Based on a systemic and heuristic approach: Start to build on principles of 
system modelling / architecture of complex systems science 

With a system of system approach for different building block (e.g. subsystem), LinX4Rail allows to be 

exhaustive, when necessary, for a defined perimeter of different functions/assets involved. 

 

We move from different and independently developed black box systems to an adequate logical partition 

of the system enabling: 

¶ Modelling simple relations between architecture objects (e.g. service, operations, resources) 

¶ The systemic and coherent description of a clear and agreed partition of subsystems and interfaces 

allowing a variety of implementations 

¶ A robust approach without having to manage exhaustive modelling: a global and systemic 

framework to investigate a specific scope in a heuristic way and to dive at different level of 

granularity depending on the needs 

¶ Increased efficiency of architecture design work 

 

It is recommended to apply the ARCADIA method for system modelling, encompassing the operational, 

system, logical and physical layers. Focus should lay on the operational and resource (technical system) 

layers. This will be confirmed early 2021 in a workshop to learn lesson from ongoing projects.  

 

Ҧ Particular feature: functional approach enables natural links within and 
between layers (typically between operations and resources) 

 

A functional approach is used as entry point for architecture decomposition and description in each 

layer. The first development of the LinX4Rail architecture allowed to explore and describe expectations, 

processes, human resources and products as well as their relations. 
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The functional descriptions allow the definition of capabilities within the railway system. The L4R 

architecture helps to define how product capabilities are contributing to railway processes and how 

organisation for operation will maximise the satisfaction of customer expectation. 

5.2 An Architecture (/ Architecting) iterative process 

This section defines how the architecture should be developed. 

Ҧ Built from two use cases representing the core activities of railway 
operation: running train from A to B and maintenance of rolling stock and 
infrastructure   

 

The first iteration presents the description of high-level system functions and their relations for two use 
cases representing the core activities of railway operation:  

¶ running train from A to B and 

¶ maintenance of rolling stock and infrastructure. 

 Further iteration will allow to explore other use cases and to deepen the system decomposition following 
common principles and requirements. 

 

For each of the use case, the descriptions started with a focus on operation and their relations, then 

relation to services and resources were investigated. 

 

 

 

The high-level description of transport from A to B use case is as following 
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The high-level description of maintenance use case is as following 

 

 
 

The description of use cases was guided by objectives, design criteria and high-level requirements. These 

requirements are presented in sections 12.1, 12.2 and 12.3 of this document. They will have to be 

continuously verified along the decomposition of the architecture, refined and complemented over the 

L4R architecture releases. 

Ҧ Concerns (Interests) of stakeholders regarding architecture linked to 
common business objectives (through WP 5.1)  

Requirements and design criteria are being identified in order to guide architecture description. 
Methodology and tools are to be further refined in order to facilitate collaboration and improve efficiency 
for the architecture description process.  

The architecture description and approach has now to be confronted with common business objectives 
in order to identify what can be the incentives and potential difficulties for adoption, what are main added 
values from a business point of view for the deepening of (some) architecture descriptions. 

Ҧ Various initiatives invited (inside Shift2Rail, outside: RCA/OCORA) to find 
their place in a global framework and / or draw boundaries / communicate 
with the others  

The architecture is not an isolated workstream. It is linked with the initiatives new business model and 

business case approaches, to be analysed in LinX4Rail T5.1. It is now acknowledging contribution from 

various initiatives (inside Shift2Rail, outside: RCA/OCORA) and will help to coordinate their added value.  
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5.3 A set of design criteria and method  

Ҧ A systemic approach developed in a heuristic way from use cases  
 

The approach used for building the architecture description was based on two use cases. Further steps 

will progressively allow extending and deepening the description. 

The use cases were considered successively. For each use case the following process has been used: 

¶ Define operations and break them down into several levels of detail 

¶ Identify services and connect them to operations  

¶ Identify resources from a functional approach and start relating operations to resources   

The current description remains on a high level to build consistency and systematic relations between 

elements before entering on a lower level of detail. 

 

Overall, we intend to develop an Architecture Description in compliance with ISO/IEC 42010 (see [3]). 

Ҧ Top down approach with general principles (design criteria) and high-level 
requirements  

 

Many requirements can be derived from the need for the railway system to be agile in transforming 

ŀŎŎƻǊŘƛƴƎ ǘƻ ŎƭƛŜƴǘǎΩ ƴŜŜŘǎ ŜǾƻƭǳǘƛƻƴ and technical, technological and scientific breakthroughs. Objectives 

and design criteria must be defined and guide the development of the architecture. 

 

The section 12.1 defines key objectives to be met by the architecture: 

¶ Service oriented approach (objectives 1: architecture outputs) 

¶ More efficient systems and processes for railway operation (objectives 2: architecture application) 

¶ Dynamic System coherence (objective 3: architecture solutions) 

These objectives shall guide and challenge architecture development 

 

The section 12.2 defines design criteria for developing the architecture, the section 13.3 define high-level 

requirements. 

The fulfilment of design criteria shall be verified at each step of the development of the architecture, high 

level requirements are to be traced to architecture description. 

 

Architecture Scoping 

¶ The railway architecture shall describe the core system (operation process and technical system) 
conditions to provide services. The scope of the system under consideration in terms of system 
boundaries, will be described in a later version. The commercial system remains out of scope.  

¶ Interfaces with other systems (telecom, energy...) shall be modelled. 
 

Architecture characteristics 

¶ The architecture characteristics (system boundaries, the granularity of building blocks and interfaces) 
shall be defined through a 3-layer based approach (see 7.1) 

¶ These 3 layers are defined as a breakdown tool to simplify architecture description viewpoints 
(service, operations and assets), but they should be refined in order to identify the precise scope and 
achievable granularity (i.e. layers and partitions are to be defined within each layers). 
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¶ The architecture shall provide the analysis capability for speciality engineers. Therefore, the 
architecture description layers shall be supported by specialities viewpoints (safety, security, 
organisations, etc.) to provide a coherent system description. 

¶ The architecture shall provide a stable reference for industrialisation whilst helping the introduction 
and integration of innovation όǘƘǊƻǳƎƘ ǎŀŦŜǘȅ ǇǊƛƴŎƛǇƭŜǎΣ ŦǳƴŎǘƛƻƴŀƭ ǎǘŀōƛƭƛǘȅΧύ. 

Ҧ Challenge/ guide existing or future initiatives by assessing the extent to 
which they fit in the architectural framework  

More than just identifying the scope of an architecture initiative, it is essential to achieve a common 

understanding on the specific added values of existing architecture initiatives within the railway sector. A 

systematic assessment grid should help common understanding and give a synthetic overview on 

elements upon which can be capitalised: scope, targets/results and methodologies. 

From the LinX4Rail workshop discussions, a first assessment logic can be defined. This will be refined and 

completed in consecutive LinX4Rail architecture releases. 

 

Topic Concerns Assessment criteria 

Scope What is the rationale or justification of the 

architecture? 

¶ Contribution for the definition of services, operations and 

assets/resources 

¶ Fundamental concerns considered by the architecture: Services, 

Operations, Functionalities, Structures, Behaviours, Business, 

Non-CǳƴŎǘƛƻƴŀƭƛǘƛŜǎΣ Χ 

What are the architecture stakeholders 

and their roles? 

¶ Clients/Users, Operators, Builders, authorities, Others 

¶ Owner, contributor, authorities, others 

Targets What are the main qualities of the 

architecture description 

(methodologies)? 

¶ Simplicity 

¶ Collaboration 

¶ Maturity,  

¶ Upgradability 

¶ Scalability,  

¶ Others 

What are the business objectives ¶ How far are they in line with Linx4Rail WP5.1 Common Business 

Objectives 

What are the main performances 

targeted for the object described in the 

architecture? 

¶ Simplicity 

¶ Interoperability,  

¶ Decoupling 

¶ Modularity 

¶ Upgradability 

¶ Scalability,  

¶ Others 

Methods What are description means? ¶ Functional VP, Technical VP, Deployment VP, Information VP, 

Non-functional VP 

¶ Graphical View, Semantic View, Traceability view, 

¶ Links, Interfaces, Layers, Refinement, Others 

¶ Others 

What Architecture Description Language / 

tools / process to describe and represent 

system architectures? 

¶ Standard languages (e.g. SysML/UML),  

¶ Meta-model / DSL (arcadia, architect SEA) 

¶ Specific guideline available for building and maintenance 

¶ Others 

To what existing standard frameworks the 

architecture is compliant with? 

¶ TOGAF 

¶ NATO Architecture Framework 

¶ OPC 

¶ Others 

 

In general, assessment of architecture propositions will be assessed on: 

¶ Assessment topic: answer to why, what and how to describe the architecture 

¶ Assessment concerns: open questions in line with the LinX4Rail T5.2 project scope to find common 

understanding on what to expect from a given architecture initiative 
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¶ Assessment criteria: elements to be assessed in a quantitative and qualitative way (e.g. yes/no) in 

order to identify and capitalise on best practice 

¶ Assessment logic based on / in line with reference links [1], [3], [6], [10], [11], [12]. 

 

Ҧ Managing the architecture design  
The architecting methodology shall learn from other sectors to develop a methodology fit for a railway 

system Architecture. The methodology should find commonalities to compare or evaluate the railway 

architecture to be developed with other architecture frameworks, such as TOGAF, MODAF, DODAF, NATO. 

The benchmark and adoption of architecture description languages, tools, processes and technologies 

should be a standing activity for the rail architecture description and maintenance.  

The methodology shall assess and capitalise on railway architecture initiatives to build synergies and 

relevance for stakeholders. 

L4R T5.4 has explored key requirements for architecture governance. Beside the L4R project 

governance, the sector governance for railway system architecture is to set up through the Shift2Rail2 

implementation. 
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6  The LiNX4Rail Railway System Architecture (V1) 

6.1 Scope  

Description: The scope of Linx4Rail is composed of 2 viewpoints (Architecture description viewpoint and 

performance or constraint viewpoint) and 3 layers or views (services, operations, and resources). The 

elements of views are defined from and for 2 main use cases (άTransport from A to B operationέ ŀƴŘ 

άmaintenance ƻǇŜǊŀǘƛƻƴǎέ). This scope will be progressively enlarged in later releases, as άother 

ƻǇŜǊŀǘƛƻƴǎέΣ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ overview picture, for broadening the scope from the train and 

maintenance related operations within the railway system to other operations delivered by the railway 

system. 

 

 
 

Added-Value: The main added value of linx4rail Architecture overview is that it links services, operations 

and assets in order to provide a reference framework for railway initiatives. The second added value is 

that it traces architecture description elements όŜΦƎΦ ŜȄǇŜŎǘŀǘƛƻƴΣ ǇǊƻŎŜǎǎΧύ to performances constraints 

and KPI όŜΦƎΦ ǊŜƭƛŀōƛƭƛǘȅΣ ǊƻōǳǎǘƴŜǎǎΧύ 

 

6.2 Services  

A service is about performing railway operations according to customer/end user needs. Customer/end 

user may be a passenger, a forwarderΣ ŀ ǘǊŀƴǎǇƻǊǘ ŀǳǘƘƻǊƛǘȅΧ 

 

Customer needs should be formulated as services and performance criteria. The first iteration allows, 

from the use cases addressed, to define a decomposition of 2 levels of service descriptions: 

 
 

Added-Value: the service layer allows a systematic approach to define customer expectations 

independently from how the service can be provided. It will allow tracing added values of considered 
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railway operation to individuals (e.g. comfort/convenience) but also more global added values (e.g. 

collective service). 

 

6.3 Operations 

 

Operation is an activity or flow of activities contributing to deliver the promised services. 

Operations are described as functional process traced to services, organizations and resources.  

 

This layer was approached in both use cases: Running train from A to B and maintenance; 

 

Ҧ Description of operations for Running Train from A to B 
  

Description: The first level of operation decomposition of this use case is given below: 

 

 
 

The operations involved in the running train use case were further decomposed in two sub layers, where 

a second layer of operations was defined.  
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The red box are transverse operations that are linked and support other operations involved in the use 

case. 

 

Added Value: This view gives a high-level description of the main functions involved in train movement. 

It allows already to: 

¶ Identify alternatives for operations e.g., Drive manually and automatically = >ATO 

¶ Facilitate linking between services and assets involved in operation: the contribution of operation to 

service can be identified (e.g. timetable), operation can be traced to technical functions provided by 

assets (e.g. detection of obstacle) 

¶ Play with granularity of operations => allow new services and operations by splitting/combining 

higher or lower level architecture objects 

 

Each operation should be documented in a similar way. Relations between functions are hence defined 

through the description of the different functions, and their parent / child relationships.  The following 

table presents an example of description of operations όƛƴ ǘƘƛǎ ŎŀǎŜ ǘƘŜ άŘǊƛǾŜ ǘǊŀƛƴέ ƻǇŜǊŀǘƛƻƴύ.  

 

Functionality Description This functionality shall define activities involved to deliver 
train movement. 

Related use cases  Transport from A to be ς Running train, others? 

Calling service Convenience, comfort, correspondence 

Called Resources Structural subsystem of train, drivers, automatic supervision, 
protection and operation systems, perception sensors, 
communication and signalling system 

Pre-conditions Predefined timetable, train is ready, path is locked, availability 
ƻŦ ǎǘŀǘƛƻƴ !Σ Χ 

Post-conditions tŀǎǎŜƴƎŜǊ ƎŜǘ ƻǳǘ ǘƘŜ ǘǊŀƛƴΣ wŜƭŜŀǎŜ ǘǊŀƛƴΣ ǎǘŀŦŦΣ Χ 

Sub-functions or function 
breakdown 

1. Drive according to movement authority 
2. Drive according to a timetable 
3. Detect obstacle 

Called operations Care customer, manage traffic 

Calling operations Follow departure procedure, manage energy, shunting 




