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When the part inventory

drops below a certain threshold, 

the procurement should be

notified.

A reason why projects struggle

Domain Expert Software Engineer

What the heck

is procurement?

Sure, we can implement a 

trigger in our Oracle database

that sends a message via the

SMTP server.
I don’t understand

a word…

Awesome. Let’s do 

it this way!
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Technology Architect at Accenture, Munich.

Focus Topics

Cloud-Native software development and Event-Driven Architecture

Education

Physics Diploma at Technical University of Munich

Varia

39 years old, married

Hobbies: Listening to Jazz, skiing, gardening (since recently)

Supports iCow, a Kenyan startup company that provides small-

holder farmers access to agricultural know-how through a mobile 

solution that does not require smartphones.

About Martin

Martin Häufel
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Lives with his family in Granada (ES) and works as senior architect 

and project coach at ELCA. 

Focus Topics

Software Craftsmenship, Domain Driven Design, Event-Driven 

Architecture, Web & Cloud, Coaching, UX

Education

Ms. Sc. ETH in Computer Science

PhD in Biomedical Engineering Uni/ETH

Varia

46 years old, married, two kids in primary school

Hobbies: Music, travelling, hiking / bicycling, cooking

Working at ELCA Spain office until summer 2024

About Stefan

Stefan Heinzer
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1. Business context «tunnel automation adapter»

2. Modelling with Event Storming and DDD

3. Implementation with Java technology

4. Proven Coding Practices

5. DDD and CENELEC

6. Wrap-up

Agenda
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1 - Business context
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© AlpTransit Gotthard AG

Gotthard base tunnel

Construction: 1999 - 2016
Length: 57.1 km
Cost: CHF 9.560 Billion
Capacity: 200 – 260 freight and 65 passenger trains/day
Max speed: 230 km/h (passenger), 100 – 160 km/h (freight)
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Context of the Tunnel Automation Adapter

Optimize capacity and
support maneuvers
like reversing

Operation center (disposition)

Points, Signals, On-Board Unit

Rail Control System
(RCS)

Prozess Interface (PSS)

ILTIS
Tunnel-

Automation 
(TA)

TAA

Interlocking

Calculate forecasts, 
resolve conflicts

Grant safety

SIL4

basic
integrity
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Train routing and
monitoring

Operation modes
• Normal
• Maintenance
• Incident

Norm:
CENELEC
SN EN 50128



ZLZT ZLZT

ZLZTZLZT TA-PERIMETER

Tunnel

cancellation

pause
publication

UNKNOWN INFLOW

BYPASS

TA_PERIMETER
OUTFLOW

start
publication

complete
train run

start
publication

INFLOW

Some Business Rules

• Train attributes train length, carriage type (freight, passengers), etc. must be published when the train enters

the TA inflow zone («ZLZT»)

• Train attributes must be republished when they change

• Publication must stop when the train leaves the TA perimeter

• Forecast Publication must be paused when TA operates in incident mode

• Publication must be paused when the train is in the bypass

• The TA can request the current state at any time («general transmission»)

• etc.

Arth-Goldau
Steinen

Altdorf Rynächt Poleggio Biasca Giubiasco

bypass
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Challenges

TA Operation Mode
- NORMAL / MAINTENANCE
- INCIDENT

Upstream
connectivity

Planned train movements

Health of own
subsystems

Actual train movement (location)

TA adapter

Downstream 
connectivity

TA / Control System (ILTIS)Planning System (RCS)

Steering instructions

Train data
Usage restrictions

Events occur at any time → State changes at any time in any order

Train position updates (LTA)
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2 - Modelling with
DDD and Event Storming

JUG Zurich - Event Storming and DDD for the Gotthard Base Tunnel



Domain Driven Design :: An Overview

2003

«DDD is a Set of
Guiding Principles»

Focus on the core domain

Explore models in a creative
collaboration of domain practioners and 
software practitioners

Speak a ubiquitous language within an 
explicitely bounded context

Eric Evans
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Ubiquitous
language

Let’s align with the business!

Domain Expert Software Engineer

Ubiquitous
language

i.e. the same well-defined terms
are used everywhere:
• conversations
• requirements specification
• test specification
• software design
• source code
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How can we model a system

and establish a common language?
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Event Storming

▪ Workshop Business and Dev People (1 – 2 days) 

▪ Low tech to involve everyone
▪ Lots of post-its of different colors

▪ An “unlimited” modelling surface (e.g. a long wall) 

▪ Start identifying Events: things that happen in the 

system

▪ Later identify Commands, Actors, Aggregates and 

Read Models

▪ Derive Bounded Contexts

Book by
Alberto Brandolini
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Event Storming - Basic Modelling Elements

Domain 
Event

Command

Aggregate

Actor
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System



TA Adapter Event Storming – Release 1
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TA Adapter Event Storming - Relase 2
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Bounded context & Aggregates

Plan 
Change 

Detection

Update 
Publication

to TA

Operating 
State

Train Run
Steering

Instruction

Plan Update

Restriction
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Event Storming Benefits

▪ Business and Tech People talk to each other (!)

▪ Massive knowledge gain for all participants

▪ Very effective / quick results

▪ Ubiquitous language emerges naturally

▪ Solid backbone for overall process

▪ Details can be refined during sprints
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How do we get the

detailed design right?
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DDD building blocks

https://developer-paradize.blogspot.com/2016/05/ddd-building-blocks-dictionary.html
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Bounded Contexts
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CapaOpt-ODA RCT 713

Operating State
Publication

Operational
Plan Processing

Topology
Provision

generic subdomain

Topology
Service 

LTA

TA Adapter

Direction of data flow



depends on

in memory store

RCS TATA Adapter

<Application>
TopologyService

<Interface>
PSS

<Application>
TA

<Application>
OperationalData

Gateway

<Application>
RCS-D

<Application>
RCS-D Client

<Application>
OperationalPlanProcessor
• Plan change detection
• Update publication

<Application>
OperatingStatePublisher

M
es

sa
ge

 B
ro

ke
r

Ti
b

co
R

V
<Application>

Bridge

<Application>
LTA via Bridge

REST

REST

RCT

OperationalPlans

ZN Ort

<Application>
TopologyProvider
(incl. master data)

config
files

<Application>
PSS Gateway

M
es

sa
ge

 B
ro

ke
r

1

4

2

3

Primary data flow direction

Steering Instructions

TA Adapter :: Top Level Architecture
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Domain Services

<Application>

TopologyService

depends on

Infrastructure

Domain

RCS TA

<App Service>

TopologyAdapter

<App Service>

OperationalMove-
mentProcessor

<App Service>

ZnvMessage
Processor

<Domain Service>

TopologyExplorer

<Application>

OperationalData
Adapter

<Domain Service>

PlanUpdate
Publisher

<Domain Service>

TrainRun
ChangeDetector

REST

<Application>

OperationPlanGenerator

<Application>

RCS-D

<Application>

RCS-D Client

<Application>

LTA

in memory store

TAA Operational Plan Processor

<Aggregate>

TrainRun

<Aggregate>

PlanUpdate

<Aggregate>

Restriction

<Interface>

PSS

<Application>
TA

<App Service>

TaInterface
Processor

<Process>

PssGateway

RCT

<App Service>

Restriction
Processor

<App Service>

EngineDriver
NotificationProc.

<Domain Service>

GeneralTransmission
Publisher

<App Service>

VelocityRecom-
mendationProc.

<Aggregate>

SteeringInstruction

<Domain Service>

Restriction
ChangeDetector

<Domain Service>

SteeringInstruction
ChangeDetector
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Event Model (TAA Operational Plan Processor)

Restriction Change Detection
(Blackbox)

Steering Instruction Change 
Detection (Blackbox)

Infrastrcuture
Layer

Update Publication

Train Run Change Detection
(Blackbox)

Infrastructure
Layer

AppMsg

Operational
MovementChanged

Velocity
Recommendation

EngineDriver
Notification

TrainPosition
ChangedLTA

Capa
Opt

PSS
Gateway

Operational
Movement

TA-RCS 6
Prognosedaten

TA-RCS 7
Attr Pers.beförd.

TA-RCS 8
vOpt

TA-RCS 9
Attr. Zuglänge

TA-RCS 10
Attr. Achslast

TA-RCS 14.1
PlanZone

ZN-Ort
Telegramm

VelocityRecommen-
dationReceived

DriverNotification
Received

TaZone
Changed

Legend
integration events
commands
domain events
health events
aggregates
read models

TaIncident
OperationChanged

TaOperation
ModeUpdated

TA-RCS 11
Betriebsart

RequestTrain
RunTransmission

TrainRunTrans-
missionRequested

TA-RCS 12
Zugdatenanfrage

RequestGeneral
Transmission

GeneralTrans-
mission RequestedStartData

ForecastPublication
Activated

ForecastPublication
Suspended

UpdatePublication
Activated

UpdatePublication
Suspended

Publication
Gate

SubmitGeneral
Transmission

TA-RCS-3
General Transmission

General
Transmission

GeneralTransmis-
sionCompleted

GeneralTransmis-
sionSubmitted

PublishGeneral
Transmission

GeneralTransmis-
sionDelivered

SubmitTrainRun
Transmission

PublishTrainRun
Transmission

TrainRunTransmis-
sionSubmitted

PSS
Gateway

TaSubscription
Started

TSN-713

TSN-713

Publish
PssUpdate

Operational
URA

OperationalURA
Received

TrainRun

Steering
Instruction

Restriction

TaZone
Changed

Topology

Topology
Topology
Changed

Topology
Provider

Fetch 
Topology

nightly trigger

TA-RCS 17
Spezialzug

OSP

Publish
PlanUpdate

Cancel
Publication

CreateOrUpdate
PublicationData

Evict
PublicationData

PublicationData
• ForecastUpdate
• CarriageTypeUpdate
• TrainLengthUpdate
• AxleLoadUpdate
• TrainCategoryUpdate
• SteeringInstructionUpdate
• PlanRestrictionUpdate

Last
Forecast
Update

Restriction
Received

ActivationState
• WAITING_FOR_ACTIVATION
• ACTIVATION_SUSPENDED
• ACTIVATION_CANCELLED

PlanRestriction
Report

SubmitPlan
Update

TrainRun
Completed
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Topology

Restriction Change Detection

Restriction 
already in 

store
CapaOpt

Topology
Provider

Module «Restriction Change Detection»

Module
Plan Update 
Publication

Topology
Received

TA
Topology

Operational
URA 

Received

Filter on 
restrictions that 
are completely 
inside the TA 

perimeter

Map to 
Restriction / 
TA topology

Restart handled 
via general 

transmission to 
TA after initial 

load from 
CapaOpt

An end state of a 
restriction is always

published by
CapaOpt as an OP 
update, including

inactivation

Restricitons for
Erhaltungen are

always planned to
match the

respective EHB

Published 
before or 

planned start 
time < now + 

90 min

Restriction
Changed

Restriction
Completed

A restriction in state
EXPIRED must not 
be reactivated (not 
enforced by TAA 

though)

Operating State 
Publisher

PublishPlan
Restriction

Report

Plan
Restriction

Report

Restriction
Received

Refresh 
Topology 
Provider

PublicationData
• PlanRestrictionUpdate

Publish
PlanUpdate

Cancel
Publication

No

Validations:

• area not empty OR 
CANCELLED

• start time < end tme

• valid combination of 
attributes

Restriction
Preprocceor

Restriction
UpdatePublisher

Legend
integration events
commands
domain events
health events
aggregates
read models

LEGA-26309

LEGA-3961

LEGA-26939

LEGA-3976

LEGA-26406

PlanRestriction
ReportPublisher

TIAD-12669 
If OSP is down, 
the completion 
message could 
get lost! Initial 
Load in OSP?

Argumentieren, dass bei einem Restart des OSP diese 
Einschränkung nicht mehr publiziert wird. CapaOpt kann also 
feststellen, dass diese Restriction nicht mehr relevant ist (siehe 
TIAD-12669)

Siemens: It is okay if
TAA sends a 

completed/cancelled
restriction once if
they have been

published as planned
before and then stop

its publication.

PLANNED
CANCELLED
EXPIRED

PLANNED
CANCELLED
EXPIRED
(segments empty implies OUTSIDE)

segments 
present

State “planned” 
and start date 
< N days and 

segments 
present

Restriction is
‘planned’ and 
start date < N 

days

Restriction

Publish 90 
minutes before 
plan start time

Einschränkungen mit ungültigen
Statusübergängen werden als

Fehler geloggt und die 
Verarbeitung abgebrochen. 
Insbesondere erfolgt keine

Publikation.

A planned restriction 
is transmitted if 

planning horizon is 
reached

A restriction in state
unplanned must be

transmitted as unplanned
if it has been transmitted
as planned before, using
the old attribute values.

Create
Restriction

Update
Restriction
from Plan

Complete
Restriction

No

Restriction
ChangeDetector

LEGA-3873

LEGA-3262

LEGA-3262

If the planned start time 
change in a way that the

restriction would no longer be
published but has been

published as planned before, 
it must be published as

unplanned.
LEGA-3331

No

Restriction
Cancelled

PLANNED
UNPLANNED

CANCELLED
EXPIRED with publish
Moved out of TAP / publication window

(implies evict)LEGA-27658

Design Level Event-Storming
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3 - Implementation with Java 
technology
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Testing

Used Technology Stack

• Spring Cloud Stream
• Spring Integration (TCP)

17

Message Broker
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Domain Services

<Application>

TopologyService

depends on

Infrastructure

Domain

RCS TA

<App Service>

TopologyAdapter

<App Service>

OperationalMove-
mentProcessor

<App Service>

ZnvMessage
Processor

<Domain Service>

TopologyExplorer

<Application>

OperationalData
Adapter

<Domain Service>

PlanUpdate
Publisher

<Domain Service>

TrainRun
ChangeDetector

REST

<Application>

OperationPlanGenerator

<Application>

RCS-D

<Application>

RCS-D Client

<Application>

LTA

in memory store

Localization of the following code samples

<Aggregate>

TrainRun

<Aggregate>

PlanUpdate

<Aggregate>

Restriction

<Interface>

PSS

<Application>
TA

<App Service>

TaInterface
Processor

<Process>

PssGateway

RCT

<App Service>

Restriction
Processor

<App Service>

EngineDriver
NotificationProc.

<Domain Service>

GeneralTransmission
Publisher

<App Service>

VelocityRecom-
mendationProc.

<Aggregate>

SteeringInstruction

<Domain Service>

Restriction
ChangeDetector

<Domain Service>

SteeringInstruction
ChangeDetector
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Integration Event to Domain Event

JUG Zurich - Event Storming and DDD for the Gotthard Base Tunnel

Receive integration event from messaging middleware
(binding via Spring Cloud Stream)
https://spring.io/projects/spring-cloud-stream

Publish domain event to internal application event bus

Integration Layer

https://spring.io/projects/spring-cloud-stream


Immutable, constructor injection

Domain Service :: Event to Command

Commit aggregate and publish domain events

Update existing aggregate
via business method

Receive domain events from application event bus

Create new aggregate

Domain Service Layer
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Aggregate «Restriction»
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Static factory with expressive name

Domain event registration

Return self-reference to enable
chaining

Domain Layer



Domain methods instead of setters
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updateFromPlan()

complete()

Register domain event

Enforce business rules

Update state and register domain
events (if any)

Domain Layer



Demo: Domain Events in Splunk
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Splunk

https://search.splunk.sbb.ch/en-US/app/sbb_app_tms/search?q=search%20index%3Dsbb_tms_internal_prod_events%20openshift_namespace%3Dtms-iad-rti-prod%20openshift_container_name%3Dtaa-operational-plan-processor%20%22%3Ce%3E%22%20NOT%20ForecastChanged&display.page.search.mode=smart&dispatch.sample_ratio=1&earliest=-60m%40m&latest=now&sid=1655798906.3727_40790EB3-6990-443C-950D-4FF7F48AC4C8


4 - Proven coding practices
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1. Null-free programming policy using Optional

2. Immutable objects with Lombok

3. Event-driven integration tests, Cucumber

Coding Practices :: Overview

JUG Zurich - Event Storming and DDD for the Gotthard Base Tunnel



Rule
If you cannot guarantee that a variable is never null, model it as an Optional<T>

Benefits

• No need for null checks, cleaner code

• Detect design flaws more easily

• Less NullPointerExceptions

Drawbacks

• Not in line with JDK, which uses null in various APIs

• Marked as code smell by Sonar when used on fields

• Team has to get used to it

Null-Free Programming using Optional
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Immutable Objects with Lombok

Declaration of a value object (immutable)

Instantiation using the builder

Effective class
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Event-Driven Integration Testing

Operational Plan
Processor
(black box)

MockMessageAdapter
• send(…)
• receive(…)

send(operationalMovement)

send(trainPosition)

result = receive(PlanUpdate.class)

assertThat(result)…

start application

Initialize desired state

1

2

3

mocks the Solace Event Broker

Arrange

Act

Assert

Use integration
events only! 
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Feature: Forecast data

Scenario: Forecast data: Train begins before the inflow zone and then enters the inflow zone

Given Advanced Topology is loaded
And TAA Operational Plan Processor is ready

When OperationalMovement for train "300" with 1 segments is received
And Segment 1 with trainlength=200 has the following events
| position | event | signalId | OP | time | trainCategory | passengerTransport | edgeId | offset |

| 1 | OperationPointEvent | | UNX | | | | 9001 | 100 |
| | TrainCategoryEvent | | | | LRZ | true | | |
| | EntryPermissionEvent | | | | ENTRY_PERMISSION_EXPIRED | | | |
| | DepartureEvent | | | 18:00:00 | | | | |

| 2 | ReservationStartEvent | | | | | | | |
| | SignalEvent | 101 | | | | | | |
| | PassthroughEvent | | | 18:00:30 | | | | |

| 3 | SignalEvent | 201 | | | | | | |
| | PassthroughEvent | | | 18:00:52 | | | | |
…
| 12 | SignalEvent | 801 | | | | | | |
| | ReservationEndEvent | | | 18:08:00 | | | | |

And ZnvMessage with route field "UNX@R11" for train "300" is received
Then no ForecastUpdate for train "300" is published

When ZnvMessage with route field "INX@R21" for train "300" is received
Then ForecastUpdate for train "300" is published as follows
| referencePointId | arrivalTime | departureTime |
| TAX@S301 | 18:03:55 | 18:03:55 |
| TAY@S701 | 18:07:00 | 18:07:00 |

Cucumber
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5 – DDD & CENELEC
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• Norm how to design, build, and deploy safety relevant installations in the railway

domain

• Required by Swiss Federal Office of Transport (BAV) due to increasing degree of

automation in train steering related systems

• Process follows a strict waterfall model

What is CENELEC SN EN 50126?

SN EN 50128
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Synergies of CENELEC and DDD

Event Model

Software
Requirements Implementation

Tests

Ubiquitous Language
commands, events

subsystems
aggregates

BA

Business

Dev

Tester

DDD / Event Storming
✓ helps understanding the system under

design with joint brain power at an early
stage

✓ Fosters assignment of functions
to building blocks (bounded contexts)

✓ facilitates consistent naming required by
SN EN 50128JUG Zurich - Event Storming and DDD for the Gotthard Base Tunnel



Requirements and Tests based on Events

Blackbox

System under 
Spec / Test

Software Requirement
The <system> must <action> [after X seconds] [N times | every X seconds] whenever
a <command | event> has been received.

Test Case
When <command | event> has been received
And <command | event> has been received
Then a <event | command> must have been sent [N times | every X seconds]

Input Commands / Events Output Events / Commands
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Waterfall and Agility?

Business Vision

Code

Event Model

room for 
agility

Example 1: Refactoring of internal APIs

Example 2: Elimination of plan update store

Suitable «flight altitude»

BA

Business

Dev

Tester
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6 - Wrap-up
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Benefits of DDD for the TA Adapter

Strict separation of application logic (integration / mapping) and business
logic reduces complexity

Very concise business logic in aggregates, hardly any complicated code

The join work on the model helped us identify and realize important
simplifications

At runtime, event log gives precise insight into the application

Close to zero bugs, fun coding ☺

JUG Zurich - Event Storming and DDD for the Gotthard Base Tunnel



TrainRun
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Conclusion

Domain-driven design offers effective tools and pattern
to build quality software

DDD is not a one time activity and requires constant
efforts to align team members and business to be
effective.

DDD helps to develop a crisp understanding of the
software being built and is therefore a good match for
norms such as CENELEC SN EN 50128.
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Questions?
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Thank you!


