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1. Introduction: Reinforcement Learning

Q-learning aims to compute 
the fixed-point of the Bellman operator

1.1. Problem: Function approximation

Q-learning can diverge because 
is not necessarily a contraction

2. Multi-Bellman Operator

Apply the Bellman operator n 
times before the projection

2.1. Main Guarantees

The projected multi-Bellman operator 
is a contraction for sufficiently large n

3. Multi Q-learning

Build multi-step target with n depth and 
m breadth and then update the weights

3.1. Bias and Multi-Sampling

Multi-step targets can be biased,
so use more m samples of each action

4. Experimental Validation

The performance increases with the 
depth n used for the target

4.1. Conclusion

●Planning and lookahead methods
●Model-based methods

4.3. Future Work

●Non-linear function approximation
●Action pruning methods

●Multi Q-learning converges if n 
●The solution is accurate if m

4.2. Related topics
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