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Abstract

This workshop presentation describes the construction of an Event-B
model for a novel type of train protection system, called the moving block
system, which is currently being investigated as part of Europe’s Rail
Joint Undertaking. The moving block system allows for more dynamicity
than the fixed block approach traditionally used in railways. The Event-B
model is constructed in Rodin using promise-driven modeling. The core
idea behind promise-driven modeling is to prioritize modeling those parts
of the system requirements that are least likely to change in later stages,
hence supporting early validation through animation. Experiences and
lessons learned when constructing the Event-B model of the moving block
system using promise-driven modeling are described.

1 Introduction to Promise-Driven Modeling

It is well known that errors discovered in the early stages of system development
are significantly less costly to fix than those found later [1]. Modeling is often
promoted as a way to catch errors early, thereby reducing overall costs. However,
as system complexity grows, so does the complexity of the model.

Consequently, errors introduced in early modeling stages can also become
increasingly expensive. Getting this right on the first attempt is a known chal-
lenge, particularly for cyber-physical systems, where it is often unclear which
part of the system should be modeled first and at what level of detail.

When the system is safety-critical, the model must also support reasoning
about safety properties. To address this, we use System Theoretic Process Anal-
ysis (STPA) to decompose the system into individual controllers and identify
the safety constraints associated with each controller.

This presentation introduces promise-driven modeling as a solution to the
challenges mentioned above.

Promise-driven modeling is based on the principle that behaviors least likely
to change during model evolution are modeled first. Prioritizing design deci-
sions by their likelihood of change is a generally considered best practice [2].
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This reduces the risk of discovering the need for high-level changes late in the
modeling process. High-level changes often ripple through the refinement chain,
making them resource-intensive.

The promise-driven modeling approach is used to construct an Event-B [3]
model in Rodin [4]. The model is visualized in ProB2-UTI using VisB [5]. This
allows experts to validate model behavior, even with no prior experience with
or knowledge of Event-B.

2 Moving Block System

The moving block system (MBS) controls the movement authorities (MAs) sent
to trains [6]. An MA limits how fast and how far a train may run safely. These
MAs are enforced by an on-board-unit (OBU) on the train. The OBU calculates
the braking curve and enforces the onset of braking if the train driver brakes
too late to keep the train within the limits of the MA.

The MAs are proposed to MBS from an external system. MBS can decide to
grant or reject the proposal for an MA. Only granted MAs are sent to the train.
MAs contain mode profiles describing the responsibility split between MBS,
OBU, and the train driver for avoiding collisions. For this workshop, we’ll focus
on the full-supervision European Train Control System (ETCS) mode, where
the MBS is solely responsible for ensuring that the track is and stays clear of
trains and obstacles (known at the time of the request). The OBU can request
anew MA from the MBS (MA request).

The OBU sends train data (TrainData) to MBS, estimates the physical train
position, and periodically sends train position reports (TPRs). Trackside train
detection systems (TTDs), installed at fixed sections along the tracks, also de-
tect physical train presence, and information about train presence is sent to
MBS.

The Event-B Model model for a selected part of this system is constructed
using promise-driven modeling.

3 Conclusion

Using promise-driven modeling, an Event-B model for the moving block system
was constructed and the associated Proof Obligations were discharged. Dur-
ing the modeling process, a number of open points and potential gaps were
discovered. Animation in ProB2-UI using VisB allowed to discuses associated
behaviors with domain experts who had no previous exposure to Event-B or
formal modeling.

The promise log contained all promises from which the Event-B model was
constructed, closely linking Event-B model with the expected behavior described
by the promises. For unexpected model behavior, this promise log was helpful
for fostering a discussion between domain experts, who are typically familiar
with descriptions of behavior than formal modeling details.
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