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Partially observable MDP (POMDP) with agent states
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Example: Agent states in Atari-pong
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Main problem

1 Agent state Zt may be non-Markovian (e.g. due to function approx.
in neural networks)

2 Non-stationary policies will do better than stationary ones
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Why periodic policies?

Definition (period L): π = (π1, · · · , πL, π1, · · · , πL, · · · )

Reason : Non-stationary policies are not realizable in practice for infinite
horizon problems.
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Periodic performance

Period (L) 1 2 3 4 5 6 7 8 9 10

J⋆L 4.022 4.022 7.479 6.184 8.810 7.479 9.340 8.488 9.607 8.810

Periodic policies perform better than stationary policies !
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Periodic agent-state based Q-learning (PASQL) algorithm

Regular Q-learning:

Qt+1(z , a) = Qt(z , a) + αt(z , a)
[
Rt + γmax

a′∈A
Qt(Z

′, a′)− Qt(z , a)
]
.

PASQL is just Q-learning for periodic policies!

Qℓ
t+1(z , a) = Qℓ

t (z , a) + αℓ
t(z , a)

[
Rt + γmax

a′∈A
Q

Jℓ+1K
t (zt+1, a

′)− Qℓ
t (z , a)

]
∀ℓ ∈ L, JℓK = ℓ (mod L).

(PASQL)

Problem:
Standard Q-learning convergence cannot apply (since Zt is non-Markovian)
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Main result: Convergence theorem

{(Q0
t , . . . ,Q

L−1
t )}t≥1 → (Q0

µ, . . . ,Q
L−1
µ ) a.s.

Qℓ
µ(z , a) = r ℓµ(z , a) + γ

∑
z ′∈Z

Pℓ
µ(z

′|z , a)max
a′∈A

QJℓ+1K
µ (z ′, a′)

∀ℓ ∈ L,∀(z , a) ∈ Z× A

r ℓµ(z , a) :=
∑
s∈S

r(s, a)ζℓµ(s | z)

Pℓ
µ(z

′|z , a) :=
∑

(s,y ′)∈S×Y

1{z ′=ϕ(z,y ′,a)}P(y
′|s, a)ζℓµ(s|z)
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PASQL Numerical
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T-maze example
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Conclusions

1 We show that considering periodic policies over stationary policies can
be beneficial

2 We provide an algorithm PASQL with several useful theoretical
properties
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The End
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