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Markov Decision Process

M = (S,A, p, r, ξ,H);

s1 ∼ ξ, sh+1 ∼ ph(·|sh, ah)

Policy: π : S × [H] → ∆A;

Goal: Find the policy π to maximize vπ := Eπ
[∑H

h=1 rh(sh, ah)
]
;

Policy Gradient

- Assume the policy has some parameterized form πθ;

J(θ) := Eπθ

[
H∑

h=1

rh(sh, ah)

]
.

- Problem: Given a batch data D generated by some behavior policy π̄,
can we get a good estimation of ∇θJ(θ)?
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Our Contributions

We proposed an off-policy policy gradient estimator based on double fitted
iteration.
Previous works:

The estimation error depends on the distribution shift

maxs∈S,a∈A,h∈[H]
µ
πθ
h (s,a)

µπ̄
h(s,a)

, where µπ
h is the density function under

policy π.

We improved the dependency to poly(H)maxh∈[H] Eπθ

[
µ
πθ
h (s,a)

µπ̄
h(s,a)

]
Require a known behavior policy π̄.
We don’t require a known π̄.

Only apply to the tabular MDP setting.
We consider MDP with linear features.
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Approach
Suppose there is a function class F , define

(Pθ,hf)(s, a) = Eπθ [f(sh+1, ah+1)|sh = s, ah = a] ,

Qθ
h(s, a) = Eπθ

[
H∑

h′=h

rh(sh, ah)|sh = s, ah = a

]
.

Policy Gradient Bellman Equation:

Qθ
h = rh + Pθ,hQ

θ
h+1, ∇θQ

θ
h = Pθ,h

(
(∇θ log Πθ,h)Q

θ
h+1 +∇θQ

θ
h+1

)
,

where ((∇θ log Πθ,h) f) (s, a) = (∇θ log πθ,h(a|s)) f(s, a).
Fitted PG Estimation:
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Theoretical Guarantees

F = {ϕ(·, ·)⊤w|w ∈ Rd} with state-action feature ϕ : S ×A → Rd;

Σh := E
[
ϕ
(
s
(1)
h , a

(1)
h

)
ϕ
(
s
(1)
h , a

(1)
h

)⊤]
, νθh = Eπθ [ϕ(sh, ah)];

∥∇θπθ,h(a|s)∥∞ ≤ G, ∀s, a, h.

Theorem (Finite Sample Guarantee)

Under certain conditions, with high probability, we have

∥∥∥∇̂θJ(θ)−∇θJ(θ)
∥∥∥
∞

≤Õ

(√
H5G2

K
max
h∈[H]

∥∥∥∥Σ− 1
2

h νθh

∥∥∥∥
)
.

For the tabular case,∥∥∥∇̂θJ(θ)−∇θJ(θ)
∥∥∥
∞

≤Õ

(√
H5G2

K
max
h∈[H]

Eπθ

[
µπθ
h (s, a)

µπ̄
h(s, a)

])
.
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Experiments
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