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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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Ligne Marseille-Paris — Horaires observés
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Model Idea

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

@ Capture train interactions with a dedicated architecture
— self-attention, graph neural networks

© Process the output to impose constraints
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Input vectors
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Represent each train i as a vector T;:
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Past and future
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Attention-based Modeling

Feed (T, ..., T,) into self-attention layers:
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Some results for regression

MAE per observed horizon

Models for delay prediction

horizon > 30
horizon in [20, 30]
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Quantile Regression

Predicting confidence intervals
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Idea: given samples (x;, y;), learn a quantile g, (x) of (Y | X = x).

Loss for quantile level a

Z aly i) (i — F(xi)) + (1 = @) L, <r(ay (F(x:) — ¥i)

Here: learn conditional quantiles of ((Dj) | T).
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One interval / station / train
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Conformalized Quantile Regression

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

Compute its quantile over a calibration set:
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CQR prediction: [a,b] — {D | S(D,[a,b]) < g} = [a — Ga, b+ qu]
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A Matrix Gaussian Model

Train i

Idea: (Dj) ~ N (uo(T), Xo(T)) —
o uo(T): (nx d) i
@ Yy(T):(nxd)? ?

Train j { -! 1
Zg(T)ZAg(T)@B o
We got:

@ Ap(T):(nxn)
o B:(dxd)

To ensure positivity:

Ao(T) = Up(T)Up(T)" + Diag(c3(T))
B=wT

o Up(T):(nxp)
e gy(T):(n)

o V:(dxd)
Then, learn (6, 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

e Future/ongoing directions

Joint modeling of spatiotemporal dependencies
Asymmetric distributions

Simulation-based approaches (ongoing PhD thesis)
Account for incidents

)
]
)
)
o Predictions coherence
)



Any questions?
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