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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

@ Agent state Z; may be non-Markovian (e.g. due to function approx.
in neural networks)
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Main problem

@ Agent state Z; may be non-Markovian (e.g. due to function approx.
in neural networks)

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

Definition (period L): 7= (w1, -+ , T, M1, Ly "+ )
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Why periodic policies?

Definition (period L): 7= (w1, -+ , T, M1, Ly "+ )

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

Sinha, Geist, Mahajan PASQL for POMDPs November 13, 2024 5/12



Periodic performance

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

Ji 4.022 4.022 7.479 6.184 8.810 7.479 9.340 8.488 9.607 8.810
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Periodic performance

182134567189 (101112 (13|14|15416 - - - --
Period (L) 1 2 3 4 5 6 7 8 9 10
Jt 4022 4022 7479 6184 8810 7.479 0340 8488  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:

Qui1(2,3) = Qulz,3) + axlz,2) [Re + 7 max Qu(Z',4) — Qu(z,3)].
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Periodic agent-state based Q-learning (PASQL) algorithm

Regular Q-learning:

@H@Jy:@@@y+m@@ﬂm+7gggdz@3_@@@ﬂ.

PASQL is just Q-learning for periodic policies!

Qhi1(2.2) = Qi(z,2) + i(2.3) [Re + 7 max @z, ) - Qi(2. )

Veel, [{]=¢ (modL).
(PASQL)
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Periodic agent-state based Q-learning (PASQL) algorithm

Regular Q-learning:

Qer1(2,2) = Qu(z,2) + ar(z, ) |[Re + Y max Qu(Z', &) - Qu(z.a)].

PASQL is just Q-learning for periodic policies!

Qhi1(2.2) = Qi(z,2) + i(2.3) [Re + 7 max @z, ) - Qi(2. )

Veel, [{]=¢ (modL).
(PASQL)

Problem:

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

(@ @ N1 = (@Y., QY as.
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Main result: Convergence theorem

(@ @ N1 = (@Y., QY as.
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Main result: Convergence theorem

(@ @ N1 = (@Y., QY as.
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PASQL Numerical

(a) Dynamics under action 0.

(b) Dynamics under action 1.
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Performance

Performance of converged periodic (L=2) policies.
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Performance of converged stationary policies.
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T-maze example
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Conclusions

@ We show that considering periodic policies over stationary policies can
be beneficial
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Conclusions

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

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