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Thanks to our interns!

Samuel Bazaz Jawad Chemaou Boubacar Sow
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Motivation

Why are we interested in predicting train delays?

Passenger information Traffic regulation
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Goal

For each train in the network,

Given their position and schedule,

Predict delay propagation

Provide a confidence interval

Baseline at SNCF (translation):

Future delay = current delay
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Example

Ligne Marseille-Paris – Horaires théoriques
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Example

Ligne Marseille-Paris – Horaires observés
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Model Idea

1 Vectorize train features: current delay, schedule, position...

2 Capture train interactions with a dedicated architecture
=⇒ self-attention, graph neural networks

3 Process the output to impose constraints
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Input vectors

Represent each train i as a vector Ti :

4 5... 3 70 1-2 -1 2StatisticsPast
delays

Past and future
schedule 6

Previous stations Next stations

Node embedding: Train station 7→ vector
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Attention-based Modeling

Feed (T1, ..., Tn) into self-attention layers:
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Self-attention between trains
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Some results for regression
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Quantile Regression

Idea: given samples (xi , yi), learn a quantile qα(x) of (Y | X = x).

Loss for quantile level α:

L̂α(f ) =
n∑

i=1
α 1yi >f (xi )(yi − f (xi)) + (1 − α) 1yi ≤f (xi )(f (xi) − yi)

Here: learn conditional quantiles of ((Dij) | T ).

Self-Attn,
GNN,

...

One interval / station / train
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Conformalized Quantile Regression

Define a nonconformity score: S(Dtrue , [a, b]) = dist(Dtrue , [a, b])

Compute its quantile over a calibration set:

S1

S2

S3

S4

S5

CQR prediction: [a, b] → {D | S(D, [a, b]) < qα} = [a − qα, b + qα]

Caveat: work in log domain for better exchangeability
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A Matrix Gaussian Model

Idea: (Dij) ∼ N (µθ(T ), Σθ(T ))
µθ(T ) : (n × d)
Σθ(T ) : (n × d)2

Σθ(T ) = Aθ(T ) ⊗ B
We got:

Aθ(T ) : (n × n)
B : (d × d)

Train i

Train j

To ensure positivity:{
Aθ(T ) = Uθ(T )Uθ(T )⊤ + Diag(σ2

θ(T ))
B = VV ⊤

Uθ(T ) : (n × p)
σθ(T ) : (n)
V : (d × d)

Then, learn (θ, V ) with MLE.
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Perspectives

Self-attention architectures and GNNs can be used for delay
prediction, and do better than translation

UQ makes the problem more difficult, but standard methods can still
be applied

Future/ongoing directions
Joint modeling of spatiotemporal dependencies
Asymmetric distributions
Simulation-based approaches (ongoing PhD thesis)
Account for incidents
Predictions coherence
...
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Appendix

Thank you!

Any questions?
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