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Not only Safety … Not just Trains ..
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The original TRACE-IT goal:
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Design an ATS (Automatic Train Supervision) System that:

- Controls the dispatching of a set trains on a railway layout
- Handling a continuously running set of circular train missions
- Preventing the occurrence of (partial) deadlocks.

4

Safety of the system is guaranteed by the ATP / Interlocking systems

What we have here is essentially a problem of (mission critical)  liveness



The original case study

Tolosa, 10 October 2017Presentation Title

5

�We have a metro service:  8 trains providing circular services

[1,3,4,6,7,9,10,13,15,20,23,22,17,18,11,9,8,6,5,3,1]
[2,3,4,6,7,9,10,13,15,20,24,22,17,18,11,9,8,6,5,3,2]

[31,30,28,27,11,13,15,20,25,22,17,18,12,27,29,30,31]

[32,30,28,27,11,13,15,20,26,22,17,18,12,27,29,30,32]
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Deadlock on basic sections
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Deadlock on basic sections
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Deadlock on basic sections

Tolosa, 10 October 2017Deadlock Free Dispatching … 8



Deadlock on basic sections
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Deadlock on basic sections
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Deadlock on basic sections
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Deadlock on basic sections
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Deadlock on basic sections
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Deadlock on basic sections
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Solution:
No more than n-1 itineraries booked 
in any ring  of lentgh n.



Deadlock on composite sections I
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Deadlock on composite sections I

Tolosa, 10 October 2017Deadlock Free Dispatching … 16



Deadlock on composite sections I
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Deadlock on composite sections I
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Deadlock on composite sections I
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Deadlock on composite sections I
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Solution:
No more than 3 itineraries booked
inside this section of size 5.



Deadlock on composite sections II
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Deadlock on composite sections II
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Deadlock on composite sections II
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Deadlock on composite sections II
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Deadlock on composite sections II
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Deadlock on composite sections II
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Deadlock on composite sections II
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Solution:
No more than 5 itineraries booked 
inside this section of size 8
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[1 ,3, 4, 6, 7, 9, 10, 13, 15, 20 ,23,  . . . ]

Extended missions

[(A++;AC++) 1, ([C<4];A--;C++) 3, 4, ([D<4];C--;AC--;D++) 6, 7, (D--) 9, . . .]
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Discovering basic critical sections
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Basic critical sections (rings, bidirectional segments) can be 
discovered by an analysis of the possible missions.



Discovering composite critical sections
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We build a formal model of the system and use model checking techniques
to find all situations of deadlock in the composite sections.
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The role of model checking
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Initial model
(handling basic deadlocks)

Model Checking

New sections, counters,
and updated missions

No more deadlocks or 
false positives

New
deadlocks or

false positives

Validated 
ATS 
Data

Train Missions



The role of model checking
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In the TRACE-IT case study  ATS data validation is done 
statically at  configuration / reconfiguration time.

We have also experimented a dynamic automatic
approach using a custom ad hoc model checker.



System Decomposition
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