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• Objective 

Background
Standard RL v.s. Maximum Entropy RL
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MaxEnt RL

Standard RL

at

H = − 𝔼a∼π(⋅|s)[log π(a |s)]

π*(a |s) = 1{a = arg max
a

Q(s, a)}

Standard RL
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MaxEnt Policy Optimization Strategies
• Soft Actor Critic

Control Robots in Mujoco Simulation Environments
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Is entropy always superior?



Failures

Quadrotor

Standard RL (PPO) v.s. MaxEnt-RL (SAC) algorithms

Vehicle



Policy optimization can be misled by entropy

Why Failures?



Toy Example
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π*(a ∈ A1 |s0) > π*(a ∈ A2 |s0)
Standard RL

MaxEnt RL

π*soft(a ∈ A1 |s0) < π*soft(a ∈ A2 |s0)

SACPPO

P(s′￼|s, a) = 1
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Entropic Bifurcation Extension
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Theorem

We can construct  s.t.  

• The optimal policy on original  
doesn’t change.  

• MaxEnt-optimal policy at  after 
entropy bifurcation extension can 
follow an arbitrary distribution  
over the actions by choosing 
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Bifurcation Extension Misleads MaxEnt RL



• Method: Investigating Q-value Landscapes

𝒯πQsoft(st, at) = r(st, at) + γ𝔼st+1,at+1
[Qsoft(st+1, at+1) − α log π(at+1 |st+1)]]Qsoft(st, at)

Qplain(st, at) 𝒯πQplain(st, at) = r(st, at) + γ𝔼st+1,at+1
[Qplain(st+1, at+1)]]

Train soft-Q (used for optimization) and plain-Q networks with SAC

How Entropy Misleads?

Quadrotor Vehicle



Benefits of Misleading Landscapes
• Entropy smooths the Q landscapes 

SAC PPO

HopperAcrobot



• SAC-AdaEnt: Adaptively using  and  as target Qsoft Qplain

Can Adaptive Entropy improve?



Summary

•We identify a critical failure mode of MaxEnt RL (e.g., SAC) in precision-demanding 
control tasks. 

•We propose Entropic Bifurcation Extension, a theoretical framework explaining how 
entropy can mislead policy optimization. 

•We analyze the Q-value landscapes of soft and true Q-values, and visually 
demonstrate how entropy causes the policy to favor suboptimal actions. 

•We propose -AdaEnt, an adaptive entropy strategy that outperforms MaxEnt RL in 
tasks where it fails.
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