
RL: Policy Gradient --
Deterministic Policy Gradient 

PPO



How do we decide what to do?

• Emotions/Intuition     :  

• Thinking 

• Reflexes/Habits

Vt(s) Qt(s, a)

St+1 = M(St, At, θ)

At = π(St, θ)



Policy Approximation

⇡(a|s,✓)
We want to learn this directly!
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Actor-Critic Algorithms

ACTOR: policy π

CRITIC: value fct V (or Q)

Policy Gradient Theorem: Actor-Critic: use V and/or  
Q to estimate G, e.g. TD(0)



Actor-Critic 1-step TD / TD(0) estimate:

Policy Gradient Theorem: 
∇θ Jθ(π) = 𝔼 [

T

∑
t=0

γt (qπ(St, At) − vπ(St))∇θ log(π)]}
Advantage
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Deterministic Policy Gradient:

How can we estimate ? When A = π(S, θ)

∇θ Jθ(π |S0 = S) ≈
m

∑
i

∂Qπ(A = π(S, θ), S)
∂ai

∇θπi(S, θ)

A = (a1, …, am), π = (π1, …, πm)

= ∇AQπ (A = π(S, θ), S)∇θπ(S, θ)

http://proceedings.mlr.press/v32/silver14.pdf



Deterministic Policy Gradient (on Continuous 
Control Tasks):

http://proceedings.mlr.press/v32/silver14.pdf



Deterministic Policy Gradient (on Continuous 
Control Tasks):

http://proceedings.mlr.press/v32/silver14.pdf

Actor Critic with stochastic policy

Deterministic Policy Gradient



Deep Deterministic Policy Gradient (DDPG):

https://arxiv.org/pdf/1509.02971.pdf



Conclusion

Policy Gradient Theorem:

REINFORCE: PGT + MC for estimate of G

Actor-Critic: PGT + V,Q for estimate of G

Deterministic Policy Gradient: ∇θ Jθ(π |S0 = S) ≈ ∇θQπ(π(S, θ), S)





TRPO -> PPO

Trust Region Policy Optimization:  
https://arxiv.org/pdf/1502.05477.pdf

Proximal Policy Optimization: 
https://arxiv.org/pdf/1707.06347.pdf



TRPO:
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Lπ = η(π)
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