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REINFORCE

R. J. Williams, "Simple statistical gradient-following algorithms for 
connectionist reinforcement learning," Machine Learning, 1992.
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Reinforcement Learning Connectionist Networks

Feedforward network
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REINFORCE Algorithm
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REINFORCE Algorithm
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REINFORCE Algorithm
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POLICY GRADIENT

R. S. Sutton, D. A. McAllester, S. P. Singh, and Y. Mansour, "Policy gradient 
methods for reinforcement learning with function approximation," 
Advances in Neural Information Processing Systems (NIPS), Nov. 2000.
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Notations
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Policy Gradient
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Connection to REINFORCE
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Function Approximation
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• fw to approximate Qπ

• Update w by

∆wt ∝
∂

∂w

(

Q̂π(st, at)− fw(st, at)
)2

∝

(

Q̂π(st, at)− fw(st, at)
) ∂fw

∂w

– Q̂π, estimate for Qπ, e.g., Rt =
∑

∞

k=1 γ
k−1rt+k

• If ∂fw(s,a)
∂w

= ∂π(s,a)
∂θ

1
π(s,a) , then

∂ρ

∂θ
=

∑

s

dπ(s)
∑

a

∂π(s, a)

∂θ
fw(s, a)

• due to the optimality condition (local)

∑

s

dπ(s)
∑

a

π(s, a) (Qπ(s, a)− fw(s, a))
∂fw(s, a)

∂w
= 0.



Convergence to a locally optimal policy
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• We have ∂π(s,a)
∂θ

1
π(s,a) = φsa −

)

b φsbπ(s, b)

• Since it requires

∂fw(s, a)

∂w
=

∂π(s, a)

∂θ

1

π(s, a)

= φsa −

∑

b

φsbπ(s, b)

fw(s, a) = wT

(

φsa −

∑

b

φsbπ(s, b)

)

• Which implies
)

a π(s, a)fw(s, a) = 0 for all s

– fw ≈ Aπ(s, a) = Qπ(s, a)− V π(s)

– Aπ(s, a), advantage function

– Justifies the advantage function as the target for value function ap-
proximation



GPOMDP

Baxter, Jonathan, and Peter L. Bartlett. "Reinforcement learning in POMDP's via 
direct gradient ascent." ICML. 2000.
J. Baxter and P. L. Bartlett. Infinite-horizon policy-gradient estimation. Journal of 
Artificial Intelligence Research, 15:319--350, 2001.
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Finite POMDP
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