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1 Executive ammary

SeveralArchitecture initiativesfor the Railway systenare currently in progressn ShiftRail projects
However,these projectsmostly address the architecture in a fragmented and isolated wWagusing on
their own needswhile an overarching architecture is requiréol support an evolution of the railway
system towards digitized systemsnigration of the legacy systemend significant breakthroughs
introduction.

Withinti K S LINBriepadRag® a collaborative platfrm is set up involvigthe project partnersalong
with actors of already existing initiatives external to Shift2RailRCA EULYNXOCORA) aniéhvited
organisations or experts having developed inithespective sectors an Architectuapproach The
Linx4Raiplatform aimsat developing in a collaborative waya EuropearRailwaySystemArchitecture,
federating the already existingitiatives and capitdising on lessonslearned from other sectorsThis
document sets up the very firdiasicsof the European Railway Architecture, developed within the
LinX4Rail ProjetWP5.

The architecture approach is now stabilised and should allow for iterative releasebling to
progressively refine the architecture.

A first iteration of LinX4Rail architecture views is proposed, establishing first relations between services,
operations andesourcesnvolved in the railway system.

Constraints and opportunities for tharchitecture degyn are capturedThe objectivesof the Architecture
are introduced, from whichmain design criteriaare developed. The Architecture must support more
performance and coherence insgrviceoriented approach It should allow for modulant, decoupling,
upgradability ability to migrate, interoperability...

A layeed structure is then proposedlongwith its very first characteristickayes are seen as a tool for
simple architecture description.The architeaire should describe servicespperation and
resources/assets and manage their interactions.

Some basiérchitecture requirements as wedls scopingropertiesand building principles areentified.
The architecture must consider businessd innovation dimensions migrations as techinal
breakthroughmustbe embedded in the architecture

Finally the next stepgo the further release®f the Architecture,due end of November 2@2and in 2022
areoutlined.

Project n°88826 Page5 of 44



LinX4Raill

D5.3 First release of LinX4Rail architectRailjvay System Architecture D.1

2 List of albreviations & Definitions

2.1 Abbreviations

Abbreviation Definition

EPF 9dzNR LISFY t I+ aaSYaISNRQ CSRSNI GAzY
ROI Return on Investment

WP Work Package

CCS Control& CommandSignalling

OSIimodel Open Systems Interconnection model

TOGAF The Open Group Architecture Framework TOGAF

DODAF TheDepartment ofDefence Architecture Famework (DoDABISA
MODAF The Mnistry Of Defence Architecture FrameworkUK)

NATO North Atlantic TreatyDrganization

OCD Operational Concepts Definition

OCORA Open CCS Onboard Reference Architecture

RCA ReferenceCCS Architecture

L4R LinX4RiL project

2.2 Definitions

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

Architecting

Architecture

Architecture Description

Process of conceiving, defining, expressing, documenting, communicating,
certifying proper implementation of, maintaining and improving an architecture
througk 2 dzi | aeaidisSyQa tAFS 0OeoOfS
Fundamental concepts or properties of a system in its environmentaatiga in

its elements, relationships, and in the principles of its design and evolution
Work product of system architectiyy expressing the architecture of a system of
interest

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

Concern

Environment

Stakeholder

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

Stakeholdes of a system have concerns with respect to the systéiimterest
considered in relation to its environmen& concern could be held by one or

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

and requirements, from design cioes and from implementation and operating
considerations. A concern could be manifest in many forms, suahratation

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

requirements, design constraints, assumptions, dependengiesity attributes,
architecture decisions, risks or othissues pertaining to the system view

Context determining the setting and circumstances of all influences upon a

system
Individual, team, organization, or classes thereoliihg an interest in a system
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Systemi@nd analytic
approach

View and Vewpoint

Thesystemic approach is more related to tdpwn analysis, where in the top

the approach concentrates on gathering different viewpoints on the whole
system

The analytic approach is more reldt¢o bottomup analysis, where in the
bottom the approab 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.

A viewpoint is a way of looking atsystem aview 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 poopose a first releasef the EuropearRailwayArchitecture.

The LinX4&il project ambition, following theo-existence ofa number of architectur€ &orks within

Shift2Rail and outsidedCORA, REAULYNKRMCREis to setup acollaborative platformwhere all the
initiatives would converge ibuilding in a cooperative wayan Architecture for theEuropeanRailway
system

This documenpresents thepreliminary releasef this Architecture within the fram&ork of LinX4Rail
WP5.2, namely

1 The problenstatements

1 Theappliedmethodology

T What was achieved: the results

1 What remansto be done

It is the result of a series dbworkshopsorganised in 202@ithin the framewvork of WP 5.20f LInX4Rail
Project Further work in thdrame of WF.2 willlead to succesiverelease®f the Architectureat theend
of November everyear.

The current visio presented in this documentvill be developed all along thgroject anddetailed by
subsystems in the following releases to conmeparallel withan assessmenof the on-goinginitiatives
either inside Shift2Rail or outside.
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4 Problemstatement

4.1 No geneanlly 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, rgeneralinitiative was taken so faby the sectotto

build an architecturecovering theentire Railway System, in which more limited scope initiatives coming
from various stakeholders would fitndeed some initiatives of architectur@ccurred, either within
Shit2Rail,or externalby various stakeholders (e.g. OCORA, Ri@A)always with dimited scope €.9.

CCS otboardfor OCORAyaysideCCS including ATGfor RCATMS, energy D

However sincethere areinitiativeson-goingthat only covervarious subsystems nesd was feltfor an
integral andcomprehensive railway system architecture.

Gwven the challenges in terms of capture of market sharethe future 20 to 30 years and the
opportunities given by digitalization, it appears obvious that, similarly to othetosedike Air Traffic
Management but also Autonomous Road Vehicles introduction in the ecosystem, a Rail System
Architecture is needed

™  Need to learn fom outside railway secto(SESARAcademics, IFC,

Automotive sector)
In the industry, architectures aré&aditionally built to understand a systerin order to facilitate
development, deployment and operation.
There are lessato belearned fromrailway inifativesé S®3d { HwX w/ ! = frombtet ¥ L C/
relevant branches of industig.g. SESAR,cademics, IFC, Automotive sedor RSTSyYy @Sk b! ¢ h X

M  Inthe quest for interoperability, TS$ are necessary bunot sufficient
To boost transformations and the egration of the European railway system, migratiaisexisting
railway systems shall be fatdlied. The TSIprovide basic architecture requirements and solutions that
answer to some essential requirements.
A common architecture may supplemehe structure and requirements presentedTisls and standards
describing the relationship between ssygtemsin order © guide manufacturers and operators in their
implementatiors. With an executive sector governance backing the architectitirejll facilitate and
accelerate Europeamigration processs with solutios made in Europe

M Integration of the SERAS avirtuous process for the sector
.SAARS (KS tS3It RSTAYAIGAZ2YIY WLYGSNBLISNIoAftAGEQ
executive instrumenin the subsystem CEC$&at has been developed in the early nineties of the last
century bythe railways temselves as an answer to the question how to improve the efficiency of
internationalrail transportation.Later,the concept has become an instrument of EU policy to establish
the railways as the backbone of the European transport systeij,ded NA y AISF y @9 SkNR f y S
(SERA).

For a matter of competitivity with other transport modes but also of global leadership of thealEU
industry, the establishment of SERA is a key enabler for successful future of the railways. Establishing
SERAs only possile 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 forilways tobeneft 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

Project n°88826 Page9 of 44



LinX4Rall D5.3 First release of LinX4Rail architectRailjvay System Architecture D.1

(proposition, offer),operational (&set owner, asset user) and technical (asset manager) level and a
common architecture, premptively involving the suppliers to align the supply chain product
development effort. A comprehensive harmonized architecture would be a key amsédentifying
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 exsting initiatives inside and outsidel#t 2Rail

M  Various scopeshat are loosely/partly connected
There are today various architectwrased or being developed in the railway sectout no generally
agreed architecture for the railway systein Europeas an integral whole
Eachinitiative has its own limited perimeters with various objectives that have to integrate each other
with adhoc modelling of interfacedimited to the scopeof the initiatives
As of now, thered no generalframewak allowing for a systematic approach @stablishingthe
consistency and relation between all subsysgeiimere is today nevayto connectinitiativesandmanage
their compatibility.

M  Sector initiativesare based on specifiousiness objectives and derivan
architectureaccordingly:most often starting froman analyticapproach
rather than asystemic approach

Current initiatives are based on specifibusiness objectives andonsequentlyderive architecture
accordingly most often starting from an analig approachof a subsystem to be either digitized, or
developed,rather than asystemic approachWith different business objectives not yet alignedain
generalbusiness viewon the Sector, it is difficult tassess the added value for the whole railwagter

of accommodating specific stakeholder business objectives or interests.

Moreover, wth different and overlappingtakeholderscopss, it is hard o integrate initiatives into a
global and systemic picture aach of thenfollow their own analytic appoach for solving a specific (range
of) problem(sandwithout an agreed methodology or framework.

Without coordination and alignment, solutionsay beoptimisedfrom certain business perspectivdst

are notnecessarily apptimum for the sectoas a whde.

A technology agnostic approa¢hinbiased towards the use of differetgchnologie$ is requested, i. e.
the system architecture shall beapable to integrate different and evolving technical solutions.
Furthermore, the system architecture shall be caleato evolve in terms of functions without
jeopardising crucial system interfac@he intent of railway system architecture is to model #iestract
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 globaVision of the system, supported by all
involved stakehdders

M  Need to align input from theArchitectures with Common Business
Objectives

Bringingseveraimportant stakdnolders together irorder todefine an architecture supporting migration

in Europe may appeato be a complex task. Indeed, it sectorinitiativesgrowing from various sector
interest grours, there is an opportunity for dynamic collaboratidyut alsoarisk of divergencgvhentheir
variousbusiness objectives are confrontellloreover, in the various initiatives developed so, fire
busines objectives were maybe not explicit, nor clarified, which might have entailed difficulties of
adoption for other paties not concerned by these (sometimes implicit) busirdgectives Furthermore,

it might happen that the businessbjectiveof one of tte stakeholdergould even be irrelevant tother
partiesinvolved andvho arethen asked to adopt architecturproposals advocated by this stakeholder

Howeverin WP5.10 / 2 Y Basifiesh 6 2SO0 A PSa¢ 2F GKS [ Ay -nwlkAf LINE
variousstakeholdersvere listed anddommon Business Obijectives for the Sector waeéned[D5.1].

With the resultof this work as aeference, therds agood opportunityto develop a ommonarchitecture

that can guide theEuropean railway technologypadmap and enablenaximum satisfaction of sector
common business objectiveBencefacilitatingadoption by theSecta.

M  Need to link the initiatives to globaKPIs of the railway sector

Tadayrailwaycustomer expectatiogare known and documenteith several studiesThe following figure
prepared by EPF illustragéhose needs:

) Passengers’ needs

ELALL PT TRANGT
Lo

Safety and reliability

Project n°88826 Pagellof 44



LinX4Rall D5.3 First release of LinX4Rail architectRailjvay System Architecture D.1

Consideringhat the performance ofailway assetslrives the performance of operationghe customer
expectatiors should be traced to operation in order tallow for aclear modeling of railway system
performance Today there is however no framework testablishthose links It is thereforempossible to
find a common understanding on how a spediffiitiative contributes to more global KPIs applicable to
the railway sector.

Indeed, with an architecture where thaelation betweenthe assets or subsystesrand customer
expectations or KPIs dfi¢ sector will be made explicit,will be possible to demonstratine added value
of an evolution of assets or subsystetogylobal performance or client satisfaction.

D

Need to manage a simple description of a complestgm: a layered
approach

Other incustrial sectors have adopted layers to describe their system architectures. Telecom systems are
today structured byhe OSI layebased model that allog/forcontinuous technical migratigrihe effects

of which are maddransparent for the end ciemer. SESAR Joint Undertaking, through its service
oriented approachis isolating a layer of service that is decoupled from system technologies and system
integration. The aitomotive industry (AUTOSAR initiative collaboratifur instance) looks at lays to
structure technology approachesRCAEULYNX and OCORA provide comprehensivesysidm
specifications with Standard (Data) Communication Interfaces (SCI) based on the traditional OSI model.
By learning from these initiatives, the railway system dechiure dould capitaliseon these emerging
practices.

A layerbased structure should allow moving towards architegambitions:

)l

1
1
1

O9YKIYyOS aSNWUWAOSAQ RAYSyaAiAzy |yYyR RSO2dzZJ S I NOKA
hLWIAYAES AYyOUSNFIFOSaQ RSaAddessedFidoMdd i gaiNdBy ofefaffiohsOA Sy (i
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 delopmentmethod

Inthe followingchapters, the key findingof the workshopswill be presented. They mainly consist in:
1 An architecture approach and process
1 Ahighlevelarchitecturedescription
1 Amethod for building subsystems / refinitige architecture

It isto be underlinedthat building an architecture is an iterative process. The architecture elements or

objects may vary as the architecture is developed. Howehighlevel elements, such athe highlevel
architecture elementshat will be presented hereaér, shouldremain 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 sexftatts the general principles
used for designing the architecture

D

High level, covering all railwagystem,in priority CCS

For theLinX4Railrchitecture frameworldevelopmenta systenic approactcomplemented by heuristic
explorationwas choserfsee #s0 approach developed in theferencedocument [1]Art of architecting.

The architecture of the railway systewill allow to understandhow the variousrailway stakeholdes
contribute to the transport function delivered by trains running on a netwdrghéuld also progressively
integrate the mechanism for adapting the transport offer to #rel customele.g. crowchandling dense
traffic).
The architecture shall trace ¢hperformance of assethat areLJ: NJi
expectdions and satisfaction.

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

services, enhanced operatioaadbetter resources.

D

Basedon 3layers:Services, operationgesources

2F GKS NI Afogl &

Following the principle to keep the architecture as simple as posditdenumber of layershouldbe
minimized. Three layers have been identified to start the architecture design in a pragmatic way.

LAYERS

RESOURCE/TECHNOLOGIES

Objective

about service quality & performanc
(customers, authorities, interes
group)
Business objective: obligation to hay
ROI to provide value (shareholder
on a pull/push strategy

RAIL SERVICES OPERATIONS ASSET
Deliver value to customer Enabling the delivery of value §f Providing an  perations
Meet stakeholders expectations| customer toolbox

System that could conyp with
business needs (Capabilities f
service)

Ensure availability 0
transportation capacity (from A

to B)

Material & immaterial assets 4
drivers
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Contract/agreement  with  users
(in-) formal contractrequirements @
total needs of stakeholders

Timetable as core concept / O
demand as an alternative concept
Change of customers' requiremen|
push railway to transform
Flexibility to fit with what customers
want (ondemand, responsiveness)

Content

System able to et customer
needs (pull) & to provide nev|
services to future needs (push)
Users stay confident with
technical bacloffice even if it
changes regularly
Optimisation strategy
Innovation management
Planning, execution / PDCA (PIg
Do, Check, Act)
Governance and rules
Operational principles

&

All physical/necessary assets
run/provide operations
Knowledge & data as assets

Technologies: Hardwarg
software, etc.

Technologies as innovatio
drivers (availability,
obsolescence, usability

opportunities)
Operational constraits
Functional performance
Resource characteristics
Interfaces

Human capital
competences)

(skills

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

In the 3 layersfunctions are described. The deiption in the resource layer should go down to the
physical implementation of functionalities.

Architecture viewpoint

Performance models according speciality Viewpoint

Economy
(value proposition andits
costand benefits)

Services Layer

Expectations, channels.

Level of service

Operations Layer

Process,
organisations...

Capabilities/Information Compliance regime

Resources Layer

physical assets,
hardware, software

Quality
(e.g. safety/security)

Externalities
(carbon, noise,,)

) A

Quality of service Emision

Quality of product Production

~\

?7?

(e.0.
compliance,
production?)

The main added values of layers are t@ble innovation:

1 Inside dayer:new process, hewesour
1 Betweenlayers:new relations,
1 Newtechnobgies:replacing a module

M  Minimal layer properties

cesnew service

by another

Layeing should enable a simple and practicable architecture. Principles should be defined in order to
structure architecture information and manage consistgbetween architecture elements.

Content of layerslayers should be regarded as system architecture point of views. The relations between
layers should allow to trace and optimiselations between business, technology and stakeholders.
Performance viewpints (cost, risks, safety, exgér £ AGASaX0 I NB (G2 0SS dzaSR ¥F2
will help to identify and modehon-functionalelementsimpacting the behaviour of the railway system.
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N

N

Links between layers and within layergypically, layers sbuld help to rationalize informatn 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 ithin layers (e.g. an IT platform used for different assets).

Management of layersthe identification of layers enables to gain agility in architecture design through
independent teams (clusters) optimising the systemhvdifferent viewpoints but in aansistent 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 sonteneents should be further discussed:
1 Refining boundaries of/between the layers/sub layers:
0 Operatngrules versus operational concepts,
0 Operation processsversus functional descriptions,
o0 Railway assstversus railway resources,
0 Technical systesversus echnical architecture
1 Interoperability as a viewsn, or a capabilityof, layer definition.
1 How to ensure consistency in the informatia@ommunicatiorbetween layers, transmission of
information betwesn layers).

Based on a systemi@nd heuristicapproad: Start to build on principles of
system modelling / architeture of complex systems science
With a system of system approach for differdmtilding block (e.g. subsystentnX4Rail allows to be
exhatstive, when necessary, for a defthperimeter of diferent functions/assets involved.

We move frondifferent and independently developdalad box systensto an adequatdogical partition

of the systenmenabling

1 Modellingsimple relatiors between architecture objectse(g.service, operationggesource$

1 The gystemic and coherent descriptiaf a dear and agreed partition of subsystsmmnd interfaces
allowingavariety of implementations

1 A robust approach without having to manage exhaustnodelling:a global and systemic
framework to investigate a spedifscope in a heuristic way and to dive at different level of
granularity depending on the needs

1 Increasd efficiencyof architecture design work

It is recommended to apply the ARCADIAtmod for system modellingencompassing theperational,
system, logial and physical layer§ocus should lagn the operational and resource (technical system)
layers. This will be confirmed early 2021 in a workshop to learn lesson from ongoing projects

Particular feature: functional approach enables natural links withand
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 dvelopment of the LinX4Rail architecture allowed to explore and desexrpectations,
processeshuman resources and products as well as their relations.
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Enterprise Operation
environment capabilities

-

Expectations

Process

<«

Human
ressources Products
Organisations Ressources
capabilities
Operation layer 3/

{

Networks Platforms
N

The functional descriptions allow the definition of capabilities within the railway system.LZRe
architecture helps to define how product capabilities are contrilmgt to railway processes and how
organisation for operation will maximise the satisfion of customer expectation.

5.2 AnArchitecture (/ Architecting)iterative process

This section defines how the architecture shobeddeveloped.

™  Built from two usecases epresentingthe core activities of railway
operation: running train from A to B and maimnance of rolling stock and
infrastructure

The first iteration presersithe descriptionof high-level system functions and their relations ftwo use
cases represging the coreactivities of railway operatian

9 running train from A to B and
1 maintenance of rolling stock and infrastructure

Further iteration will allow to explore other use cases &mdeepen the system decomposition following
common principles antequirements.

For each of the use case, the descriptions started with a foousperation and their relations, then
relation to services and resources were investigated.

Services Layer

Operations Layer

Process,
'organisations.

Capabilities/Information

Resources Layer

physical assets,
hardware, software

Thehighleveldescription of transport from A to B use case is as following
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Services view (detail in the outcome of WS 11) Service performances or
| Planning | l Journey | I Connection | R ‘WS 9 -
Ponctuality ‘ Etc. g
e a
H
2
- Operations view (detail in the outcome of WS 12) >
£ 2
S Provide Prepare train services Traffic management Reserve lock and release 5
g customercare | | Allocate train to slot Allocate train to slot route Operation performances | 5
@ || Provide time Create and update route Create and update route Lock route 2
H | for train, etc for train, etc Release route safety of the operators ]
= || Provide -
3 0 -]
| esistance Transverse operations Activate departure Manage headway - ]
Li|ete Manage disruption Green signal Ensure no train in braking Capacity constraints g
5 Tmanage information, etc Time ok, etc distance, etc @
< Etc. §
S
Activate departure =
3
I Assets performances 5
a
Resources view Integrity of the assets =)
(G
Infrastructure Energy ™S ccs Rolling Stock Human Icv Ressources availability
functions functions function  functions functions ressources Tunctions
Etc.
s

Thehighleveldescription of maintenance use case is as following

Services view

l Planning | I Journey I |

Connection

A_a

SHORT CYCLE MAINTENANCE

Rolling Stock Maintenance
- See the processes (Yard, depot) and
operations listed in Jos presentation maint
(cleaning, inspection, ...)

3

Architecture viewpoint

Strategic analysis and Planning and enginesring Refurbishment and overhaul
decision maintenance - renewal interior
- Replace traction systems and

T
Resources view

Infrastructure Energy ™S ccs Rolling Stock

functions functions function

Operations view (detail in the outcome of WS 14)

Infrastructure Maintenance
- Inspection process, decision process,

Long cycle maintenance, renewal, upgrade and repair heavy damages

Modification
- Replace energy cables
- i

Human Icr
functions

Service performances or

Reliability | KP!
WS 9
passengers.

Ete.

T
|

Operation performances

safety of the maintenance
operators

Capacity constraints

Etc.

Assets performances
Integrity of the assets
Ressources availability

Etc.

Global performances or constraints viewpoint

The description of use cases was guided by objectives, design critefiggirevel requirements. These
requirements are presented in sectiord2.1, 12.2 and 12.8f this document. fiey will have to be
continuously verified along the decomposition of thechitecture, refined and complemented over the

L4R architecture releases.

M  Concernslfiterests) of stakeholders regarding architecture linked to
common business objectiveghrough WP5.1)

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 artitecture 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 geaingof (some) architecture descriptions.

M  Various initiativesinvited (inside Jift2Rail, outside: RCA/OCORA) to find
their place in a globatramework and/ or draw boundaries / communicate

with the others

The architecture is not an isolated workstreatislinked withthe initiativesnew business model and
business casapproactes to be analyse in LinX4RailT5.1. It is now acknowledging contribution from
various initiativeginside &ift2Rail, outside:RCA/OCORA) and will help to coordinate thddex vdue.
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5.3 A set ofdesigncriteria and method

M A systemic approach developed aheuristic way from usecases

The approach used for buildirige architecture description wasdsed ontwo use casesFurther steps
will progressivehallow extendngand degeningthe description.

The use casewvere considered successiveRpr each use caghe following process has been used:

1 Defineoperationsand break them down into several leself detail

1 Identify services and connect them to operations

1 Identify resourcedrom a functional approach and stamtlatingoperations to resources

The current description remasron a high level to build consistency and systematic relatimiween
elements before entering on a lower level of detalil.

Overall, we intadto develop an Architecture Description in compliance WVBR/IEC 4201Bee [3])

M  Top down approach with general principles (design criteria) and Higbel
requirements

Many requirements can be derived from the need for tfladway system to be agilin transforming
FOO0O2NRAY3I (2 Of anStgchnica, teghSobical aki@dentitizibreaktifroughs. Objectives
and design criteria must be defined and guide the development of the architecture.

The sectiorl2.1 defines keyobjectivesto be metby the architecture:

9 Service oriented approach (objectives 1: architecture outputs)

1 More efficient systems and processes for railway operation (objectives 2: architegipheation
1 Dynamic System coherence (objective 3: architecture solutions)

These ofectives shall guide and challenge architecture development

The sectiorl2.2 definesdesign criteria for developing the architecture, the secti@3definehigh-level
requirements.

The fulfilment of design criteria shall be verified at each step ofithelopment of the architecture, high
level requirements are to be traced to architece description.

Architecture Scoping

1 The railway architecture shall describe the core system (operation process and technical system)
conditionsto provide services. Ehscope ofthe system under consideratioim terms ofsystem
boundaies,will be described in &ter version. The commercialstemremairs out of scope.

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

Architecture characteristics

1 The architecture characteristics (system boundaries, the granularityitafing blocks and interfaces)
shall be defined through alayer based approacfsee 7.1)

1 These 3 layersre defined as a breakdown tool to simplify architecture description viewigoin
(service, operations and assets), but they should be refined in doddentify the precise scope and
achievable granularitgi.e. layers and partitions are to be defined within each layers)
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1 The architecture shall provide the analysis capability $peciality engineers. Therefore, the
architecture description layers shall be supported by specialitiesvpoints (safety, security,
organisationsetc.) to provide a coherent system description.

1 The architecture shall provide a stable reference for itidaigsation whilst helping the introduction
and integration of innovatiod 0 K N2 dzZ3 K & FS{ieé& LINAYOALX Sax Fdzy OGA

M  (Challenge/ guide existing or future initiative®y assessing the extent to

which they fit in thearchitectural framework
More than just identifying the scope of amrchitectureinitiative, t is essential to achieva common
understanding on thepecific addedalues of existing architecture initiatives within the railway sector. A
systematic assessment grid should help common wideding ad give a synthetic overview on
elementsupon whichcan be capitalised: scope, targets/results and methodologies.
From the LiX4Rail workshop discussiorssiirst assessment logic can be defin@tiswill be refined and
completedin consecutivdinX4Rail architecture releases

Topic Concerns Assessment criteria

Scope What is the rationale or justification of th| 1 Contribution for the definition of services, operations and

architecture? assets/resources

1 Fundamental concerns considered by thehétecture: Services,
OperationsFunctionalities, Structure8ehaviours, Business,
NonCdzy QiiA2y Lt AlGASEaT X

What are the architecture stakeholdel T Clients/Users, Operators, Buildeasjthorities, Others
and their roles? 1 Owner, contributor, authorities, diers
Targets What are the main qualities of thq T Simplicity
architecture description E :\Zﬂoltlap;ration
i aturity,
(methodologieg? ¢ Upgradabilty
1 Scalability,
1 Others
What are the businewbjectives 1 How far are they in line withinx4RailWP5.1 Common Busisg
Objectives
What are the main performance| 1 Simplicity
targeted for the object described in th| T Interoperabiliy,
architecture? T Decoupling
1 Modularity
1 Upgradability
1 Scalability,
91 Others
Methods | What are description means? 1 Functional VP, Technical VRpbyment VP, Information VP,

Nonfunctional VP

Graphical View, Semantic View, Traceability view,

Links, Interfaces, Layers, Refinement, Others

Others

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

Meta-model / DSL (arcadia, architect SEA)

Specific guideline available for building and maintenance

WhatArchitecture Description Language
tools / process to describe and represe
system architecture3

=a =4 =& —a -8 —a —a _a_a _a 9

Others

Towhat existing standard frameworks th TOGAF

architecture is compliant with? NATOArchitectureFramewaork
OoPC
Others

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

1 Assessment topic: answer to why, what and how to describe thdtaotbre

1 Assessment concerns: open quessamline withthe LinX4Rail T5.2 project scofgefind comman
understanding on what to expect from a given architecture initiative
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1 Assessment criteria: elements to be assessedqguaantitativeand qualitativeway (e.g. yes/no) in
order to identify and capitalisen best practice
1 Assessment logic bad@n / in linewith reference links [1], [3], [6], [10], [11], [12].

M  Managing the architecture design
The architecting methodology shall learn from other sectors to develop a methodology fit fowayrail
systemArchitecture. The methodology should find commonalittescompare or evaluate the railway
architecture to be developed with other architecture frameworks, sa€hOGAF, MODAF, DODAF, NATO.
The benchmark and adoption afchitecture description languagemols, proceses and technologies
should bea standingactivity forthe rail architecturedescription and maintenance
The methodology shalissess andapitaliseon railway architecture initiatives to build synergies and
relevance for stakeholders.
L4AR 5.4 has explored key requirements for architecture goasce. Beside the L4R project
governance, theectorgovernance for railway system architecture is to set up through Hi2%ail2
implementation.
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6 The LINX4Rail Railway System Architecture (V1)
6.1 Scoe

Description:The scope of Linx4R&lcomposed o2 viewpoints (Architecture descriptioriewpointand
performanceor constraint viewpoint and 3 layers or views (services, operations, gggburces).The
elements of views are defined froand for2 mainuse case (GTransport from A to Bperatioré | Y R
dmaintenance 2 LJS NJ )i ’hi yséope will be progressively enlarged in lateeases,as cother
2LISNI GA2yaés | aoveNibwpicturg yob Broaderfg the k&pefrom the train and
mainterance related operatiosiwithin the railway system to othemperationsdelivered by the railway

system
Services View Services performance
Travel Proposal Journey Connection Reliability | ‘ Robustness |
- Accessibility - Confort - Correspondance &
- Convenience - Availablity - Multimodality o g
2
2
>
o - - - a2
_g Operations View Operations performance | £
©
o ]
5 Transport A to B Operations Maintenance Operations Other operations safety of operators §
'S - Provides customer care - Short cycle maintenance - OutofVil o
e - Drive train, .... - Long cycle maintenance scope °
3 Capacity constraints 3
o o
= Etc &
S ' E
E ey
£
£
]
a
Resources View Resources performance E
Functional view Physical View Integrity of the assets 1
TMS, CCS, - Structure, interiors, o
Energy, ITC, ... - Bogie, Pantograph, Catenary Ressources availability
- Stations ...
Etc.

AddedValue The main added value of linx4rail Architecture overview is ithatks services, operations

and assetsn order toprovide a reference framework for railway initiatives. The second added ialue

that it traces architecture description elements S @3 @ S E LIS O (itd perfofnyirtes caNRran&a a X 0
andKPb Sd3d NBfAFOAfAGEYT NRodzalySaaxo

6.2 Services

A service isbout performing railway operations according to customer/end user needaustome/end
user may be a passengerfaawarders I G N} YA LR NI F dzi K2 NA G @& X

Customer needs should be formulated as services and performance crifegafrst iteration allovs,
from the use caseaddressedto define a decomposition of 2 levels of service desinys:

e Accessibility * Confort » Correspondance
* Convenience * Availability * Multimodality

AddedValue the service layer alloga systematic approach wefine customer expectatios
independently from how the service can be provided. It will alimgingadded value®f considered
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railway operation to individualé.g.comfort/converience) but also more global added values (e.g.
collective service

6.3 Operations

Operation is an actiity or flow of activities contributing to deliver the promised services.
Operations are described as functiopabcesgraced to servicegrganizationsand resources

This layer s approached in both use cas&unning tain from A to B anthaintenance

M  Description of operatios for Running Train from A to B
DescriptionThefirst level of operation decomposition of this use césgiven below:

ane®

—— Transport A to B Operations view
EEEER First Level of operations decomposition (Level 1)
Provide § . Traffic management Reserve lock and release route
Wm LII Prepare train service
care
[services

Manage headway

Drive Train
Activate departure of train
e E I | o} I F__q |_’_. hift Bai a Frojzct funded under e

Provide and manage energy toinfra

The operations involved in the running train use case were further decomposed sutnmayerswhere
a second layer of operations was defined.
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Transport A to B Operations view
Level 2 of operations decomposition

Provide N - ;
Prepare train service Traffic management Reserve lock and release route

care -
services
t
'y
N track anage headway

Drive Train >

Activate departure o  trg 'in
s | Obstocles | | TmeoK | Greensignal
Speed profile | detection

-‘

+ Provide and manage energy to igfra

The red box aréransverse operationthat are linked andsupportother operationsinvolved in the use
case.

AddedValue This viev gives ahighleveldescription of the main functiainvolved in train movement.

It allows already to:

1 Identify alternatives for operations.g., Drive manually and autatically = >ATO

1 Facilitate inking betweenservicesandassetdnvolved 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)

1 Play with granularity of operations =>@l/ new serices and operations by splitting/combining
higher or lower level architecture objects

Each operation should be documented in a similay viRelations between functions are hence defined
through the description of the differerfuinctions,and their parent/ childrelationships The following
table presens an example of description @perationso Ay G KAa OFa&aS GKS GaRNAGS

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

Related usecases Transport from A to be Running train, others?
Calling service Conveniencegomfort, correspondence

Called Resources Structural subsystem of train, drivers, automatic supervision
protection and operation systempgrception sensors,
communicaton and signalling system

Pre-conditions Predefined timetable, train is ready, path is locked, availabili
2F adGliAzy 13 X

Postconditions t ' aaSyY3aSNJ 3S0G 2dzi GKS (NI Ay

Subfunctions orfunction 1. Drive according to movenm authority

breakdown 2. Drive according to a timetable
3. Detect obstacle

Called operations Care customer, manage traffic

Calling operations Follow departure procedure, manage energy, shunting
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