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Introduction
Problem statement

Stochastic optimization problem

min
x∈Rd

f(x) := Eξ∼D[F (x, ξ)] (1)

is well-studied [3].

We consider a generalization:

min
x∈Rd

f(x) := EZ∼π[F (x, Z)] (2)

Where Z is a Markov Chain and π is it’s invariant distribution.
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Introduction
Applications

Decentralized optimization (Token algorithms, Privacy)
RL (Markov Decision Processes)
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Results
Previous Work

Our research aims to expand the results of [2].

Following the article, we consider additional assumptions:
(A1,A2) f is (µ, L)-smooth.
(A3) Z is uniformly geometrically ergodic with mixing time τ .
(A4) F is (σ, δ)-bounded:

∥∇F (x, Z)−∇f(x)∥2 < σ2 + δ2∥∇f(x)∥2
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Results
Previous Work

The main result of [2] is the following

Theorem. Under A1-A4 the problem can be solved (in terms of
E
[
∥x(k) − x∗∥2

]
≤ ε) in

Õ

(
τ

[
(1 + δ2)

√
L

µ
log

1

ε
+

σ2

µ2ε

])
oracle calls . (3)
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Results
New statement

Our goal is to adapt algorithm from [2] to zero-order oracle,
meaning we can only access F (x, Z) and not ∇F (x, Z).
Moreover, we are working under one-point feedback, i.e. we can
only access F (·, Z1) with the same randomness once.
Since we do not have access to ∇F , A4 transforms into:
(A4’) F (x, Z) = f(x) + h(x, Z) with h(x, Z) uniformly bounded:

|h(x, Z)|2 < σ2
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Results
Tools

∇f ≈ d
f(x+ te)− f(x− te)

2t
e︸ ︷︷ ︸

∗

≈ dF (x+te,Z1)−F (x−te,Z2)
2t e

But from [1]: Ee[∗] = ∇f̃ for f̃ = Eef(x+ te)

And f̃ is also (µ, L)-smooth and |f̃ − f | ≤ Lt2

Adapted from [2]:
For any distribution ξ: Eξ[n

−1
∑n

i=1 h(x, Zi)
2] ≤ C1τ

n σ2
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Results
New result

Under assumptions (A1-A4’) the problem 2 can be solved
(in terms of µ∥xN − x∗∥+ f(xN )− f(x∗)) in N iterations:

N = O

(
d

√
L

µ
log

1

ε
+ d2

τL

µε2
σ2 + d2

L

µ

)
.

By setting τ = 1 we can transform the problem into iid setting, in
which the optimal results are of form O( d2

µε2
)
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Future work

Lower bounds
Better argument convergence
Two-point feedback
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