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• Why Soft Actor-Critic ? 

—> sample efficient 

—> very stable 

—> exploration more efficient



https://www.youtube.com/watch?v=FmMPHL3TcrE


• Some general points: 

- actor-critic 

- off-policy algorithm 

- continuous state and action spaces



Entropy-regularized RL setting

 

 

H(X) = −
n

∑
i=1

P (xi) log P (xi) = − 𝔼 [log P(X)]

π*old = arg max
π

E
τ∼π [

∞

∑
t=0

γt (R (st, at, st+1))]
π* = arg max

π
E

τ∼π [
∞

∑
t=0

γt (R (st, at, st+1) + αH (π ( ⋅ ∣ st)))]

Vπ(s0)



Entropy-regularized RL setting

 

 

Equation de Bellman pour  : 

 

Vπ(s) = E
τ∼π [

∞

∑
t=0

γt (R (st, at, st+1) + αH (π ( ⋅ ∣ st))) ∣ s0 = s]
Qπ(s, a) = E

τ∼π [
∞

∑
t=0

γtR (st, at, st+1) + α
∞

∑
t=1

γtH (π ( ⋅ ∣ st)) ∣ s0 = s, a0 = a]
Qπ(s, a)

Qπ(s, a) = E
s′ ∼ P
a′ ∼ π

[R (s, a, s′ ) + γVπ(s′ )]

Qπ(s, a) = E
s′ ∼ P
a′ ∼ π

[R (s, a, s′ ) + γ (Qπ (s′ , a′ ) + αH (π ( ⋅ ∣ s′ )))]



Critic

Loss function of the Critic: MSBE (Mean Squared Bellman Error)

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − Qπ(s, a))

2]
approximator target



Critic

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  Qπ(s, a) ≈ R (s, a, s′ ) + γ (Qπ (s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − Qπ(s, a))

2]
approximator target



Critic

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  y(r, s′ , d) = R (s, a, s′ ) + γ(1 − d)(Qϕ (s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − y(r, s′ , d))

2]
approximator target



Critic

 trick: Target Networks 

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  

1st

y(r, s′ , d) = R (s, a, s′ ) + γ(1 − d)(Qϕtarg
(s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − y(r, s′ , d))

2]
approximator target

ϕtarg ← ρϕtarg + (1 − ρ)ϕ Silver, David, et al. "Deterministic policy gradient 
algorithms." International conference on machine learning. PMLR, 2014.



Critic

 trick: Target Networks 

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  

1st

y(r, s′ , d) = R (s, a, s′ ) + γ(1 − d)(Qϕtarg
(s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − y(r, s′ , d))

2]
approximator target



Critic

Source: Deep Reinforcement Learning with Double Q-learning (Hasselt et al., 2015)



Critic

 trick: Target Networks 

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  

1st

y(r, s′ , d) = R (s, a, s′ ) + γ(1 − d)(Qϕtarg
(s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕ, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕ(s, a) − y(r, s′ , d))

2]
approximator target



Critic

 trick: Clipped Double Q-network —>   and   

Loss function of the Critic: MSBE (Mean Squared Bellman Error) 

    avec  

2nd ϕ1 ϕ2

y(r, s′ , d) = R (s, a, s′ ) + γ(1 − d)( min
j=1,2

Qϕtarg,j
(s′ , ã′ ) − α log π (ã′ ∣ s′ )) ã′ ∼ πθ ( ⋅ ∣ s′ )

L(ϕi, 𝒟) = E
(s,a,r,s′ ,d)∼𝒟 [(Qϕi

(s, a) − y(r, s′ , d))
2]

approximator target

For    :i = 1,2



Actor

 

Objective function of the Actor for each state s: 

π* = arg max
π

Vπ(s)

Vπ(s) = E
a∼π

[Qπ(s, a) − α log π(a ∣ s)]



Actor

 

Objective function of the Actor for each state s: 

π* = arg max
π

Vπ(s)

Vπ(s) = E
ã∼πθ( ⋅ ∣ s) [ min

j=1,2
Qϕtarg,j

(s, ã) − α log πθ(ã ∣ s)]



Actor

Vπ(s) = E
ã∼πθ( ⋅ ∣ s) [ min

j=1,2
Qϕtarg,j

(s, ã) − α log πθ(ã ∣ s)]

Pain point: the distribution depends on policy params

 

Objective function of the Actor for each state s: 

π* = arg max
π

Vπ(s)



Actor

 Trick : reparameterization 

Objective function of the Actor for each state s: 

3rd

ãθ(s, ξ) = tanh (μθ(s) + σθ(s) ⊙ ξ), ξ ∼ 𝒩(0,I)

Vπ(s) = E
ξ∼𝒩 [Qπθ (s, ãθ(s, ξ)) − α log πθ (ãθ(s, ξ) ∣ s)]



Actor

 Trick : reparameterization 

Objective function of the Actor: 

3rd

ãθ(s, ξ) = tanh (μθ(s) + σθ(s) ⊙ ξ), ξ ∼ 𝒩(0,I)

max
θ

E
s ∼ 𝒟
ξ ∼ 𝒩

[ min
j=1,2

Qϕj (s, ãθ(s, ξ)) − α log πθ (ãθ(s, ξ) ∣ s)]



Results
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