
Lection 1 

Robust Learning with Approximate Dynamic Programming and Kernel 

Methods 

Decision making is ubiquitous in science and engineering. Reinforcement Learning 

(RL) and Approximate Dynamic programming (ADP) algorithms provide a 

structured approach to tackle the different decision making challenges. Due to the 

problem of the “curse of dimensionality”, finding the exact strategy or policy might 

be challenging. Several methods, such as linear approximate dynamic 

programming (LADP), have emerged as an alternative to solving dynamic 

programming (DP) problems. The promising results obtained using those methods 

make DP more appealing to solve decision making problems for complex systems. 

Nevertheless, even state-of-the-art DP algorithms are not efficient in terms of 

computing time. Consequently, most of the algorithms require off-line calculations. 

In practical applications the system usually changes dynamically; new states might 

become part of the system and some actions that were not accounted for before 

might become available. Therefore, a policy that was optimal previously might not 

be optimal anymore or might even lead to disastrous results. I present a new class 

of dynamic programming algorithms that combine supervised and unsupervised 

learning to mitigate the “curse of dimensionality”. Machine-Learning and kernel 

methods techniques are used to cluster similar states and reduce the dimensionality 

of the problem. We also consider uncertainties within the transition probability 

matrices and the cost function and use robust optimization formulations to mitigate 

the effect of uncertainty within the transition probability matrices. An example of 

option pricing is discussed. I also discuss how to solve RL problems in an on-line 

framework using the algorithms presented by considering an example of a city 

evacuation plan. 
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