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Problem Setup

• We observe sample trajectory: S = ((U1, Y1), . . . , (Un, Yn)).

• Objects: (Ut)t≥1 form a stationaryMarkov chain.
• Labels: Yt depend only onUt.

• Prediction: F = {fθ : U → Y | θ ∈ Θ}, and loss ℓ(., .) ≤ c.

R(θ) = ES

[
1

n

n∑
t=1

ℓ(fθ(Ut), Yt)

]
, r(θ) =

1

n

n∑
t=1

ℓ(fθ(Ut), Yt).
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PAC-Bayes bound for Markov Chains
Theorem 2.1: Assume {Ut}nt=1 is a stationary Markov chain with
pseudo-spectral gap γps > 0. Then for any constants 0 < λ < n

10,
δ ∈ (0, 1), and prior µ ∈ P(Θ),

With probability≥ 1− δ, for all posteriors ρ:

Eθ∼ρ[R(θ)] ≤ Eθ∼ρ[r(θ)] +
2λc2

(
1 + 1

nγps

)
n− 10λ

+
KL(ρ||µ) + log 1

δ

λγps
.

Key insight: Dependency penalty appears as a 1
γps

factor.
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FromNon-Empirical
to Empirical

Relative Deviation Bounds

PS

(∣∣∣∣ γ̂psγps
− 1

∣∣∣∣ ≥ ε

)
≤ C1e−nε2C2 (1)
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Examples of such γ̂ps
Example 1: Finite state-space ergodic Markov chains: 1

γ̂ps,[K] := max
k∈[K]


γ

((
P̂ †

)k

P̂ k

)
k

 . (2)

Example 2: Stationary AR(1) processUt = aUt−1 + ζt where
−1 < a < 1 and the ζt are i.i.d. fromN (0, 1).

γ̂ps := min

{
1

1
n

∑n
t=1 U

2
t

, 1

}
. (3)

1(Wolfer and Kontorovich, 2024)
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Experiments: Bound Tightness
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Green: Emp. PAC-Bayes bound
Red: PAC-Bayes bound
Blue: True riskEθ∼ρ[R(θ)]

Bernoulli labels:

Yt | Ut = u ∼ Ber(pu)

Predictors:

fθ(u) = 1(u ≥ θ)
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Contribution

• First empirical PAC-Bayes bounds
for Markov chains.

• The empirical bound is just as tight as
the non-empirical bound.
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ThankYou!
(See you on the poster session ...)

VaheKaragulyan Pierre Alquier
(website) (website) Full paper
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https://v-ahe.github.io
https://pierrealquier.github.io
https://arxiv.org/pdf/2509.20985

