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Motivation

It is not enough… 

Even with a perfect representation (up tp scale) w.r.t optimal Q-function:

 

We will still need an exponential number of  trajectories to find a 

near-optimal policy! 

“Is a Good Representation Sufficient for Sample Efficient Reinforcement Learning?”, Du et al. (ICLR 2020)



Motivation

The optimal Bellman operator:

The function space of linear Q-functions:

Define a linear Q-function:



Motivation

“Learning Near Optimal Policies with Low Inherent Bellman Error”, Zanette et al. (ICML 2020)

The Inherent Bellman Error (IBE):

When IBE=0,          is closed under the Bellman operator.

With a low IBE the regret : 

and a low number of episodes for a near-optimal policy! 
“Provably Efficient Reward-Agnostic Navigation with Linear Value Iteration”, Zanette et al. (NeurIPS 2020)



Efficient Exploration 
● Given:

○  dataset                                     

○  covariance 

● Alternate between:

○ Solve:  

○ Collect rollouts with:

○ Add data to        and update the covariance.   



Naive Approach

How to learn such representation  s.t              ? 

Bellman parameter mapping: 

Naive objective: 

- Distribution over state-action pairs (replay buffer) 

- Distribution over (linear) Q-functions (over       )



The Spectral Bellman Method

Consider finite state-action and parameter spaces

The covariance matrices:    

The feature and parameter matrices:



The Spectral Bellman Method

Under the assumption of zero IBE, 

the Bellman matrix:

The spectral Bellman method enforce features and parameters to be aligned 

with the singular-vectors and singular values:



The Spectral Bellman Method

We can use the power iteration* to extract        ! 

*  Actually its subspace iteration

● Initialize

● Repeat for k =1,2,3,..:

○

○ Project:   



The Spectral Bellman Method - Practical

The equivalent objective for solving the power method:
orthogonal constraint

Regularization terms



The Spectral Bellman Method - Practical

Compare to the “naive” objective:

SBM objective:

The naive objective objective is regularized with a noisy single-sample of the covariance

SBM using an average covariance over samples which is robust and less noisy 



How to choose       ? 

DQN style learning (targeting only optimal Q-function):

SBM theoretical distribution: 

Practical choice: Gaussian distribution around the working point:



Experiments

●  Atari game suite with 100M environment steps. 

● Atari Explore: subset of hard exploration games ( Montezuma’s Revenge, 

Pitfall!, Private Eye, Skiing..)

● SBM + DQN  and SBM + R2D2 (extension to multi-step operation)
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