
AIL 7022: Reinforcement Learning

Lecture 5: Formalising MDPs

Instructor: Raunak Bhattacharyya



Recap
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Source: Dreamstime

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.dreamstime.com%2Fillustration%2Fqueue-meal.html&psig=AOvVaw0nKm86BAxRnaH-PwKVM93m&ust=1722324983321000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCLiwwvLey4cDFQAAAAAdAAAAABAE
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Plan

● Value functions

● Formalising MDPs

● Policy Evaluation



Formalising MDPs

4 Mausam & Kolobov, Chapter 2



MDPs: Definition
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T & R: First-order 
Markov assumption



MDP solution: Terms

● Execution history

● History-dependent policy

● Markovian policy

● Stationary Markovian policy

● Value function

● Optimal MDP solution



Policy

7 Adapted from Percy Liang

We need a policy, a rule for action selection that works in any state 

What information might such a rule use?



History-Dependent and Markovian Policy

8

A history-dep policy must provide a distb over actions for every possible history 

For several important types of MDPs and objectives, at least one optimal soln is necessarily Markovian 

Representing history-dependent policies



Stationary Markovian Policy
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If D is finite, size of policy specification is at most linear in |D|

Practically interesting MDPs with infinite number of time steps, at least one optimal soln that is stationary 



Value function and Optimality
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Exact way of converting a seq of rewards into utility yet to be made concrete

Caveats: a) Utility unspecified, b) Comparing value functions



Expected Linear Additive Utility

For an arbitrary u, the optimal value function need not exist

Caveat: Assumes agent to be risk-neutral



Discounting
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Source: YoutubeSource: Youtube

Episodic Infinite horizon

http://www.youtube.com/watch?v=0I5kl4dns_Q
http://www.youtube.com/watch?v=jymFj7bNsKg
https://www.google.com/url?sa=i&url=https%3A%2F%2Fstock.adobe.com%2Fsearch%3Fk%3Dgroup%2Btyping&psig=AOvVaw1mofIYASLPzpbozVofEfcQ&ust=1719549120332000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwiwrvLn-fqGAxUAAAAAHQAAAAAQBA
https://www.youtube.com/shorts/jymFj7bNsKg
https://www.youtube.com/watch?v=0I5kl4dns_Q


Solution Existence
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Real-world scenario: Teacher trying to teach a set of skills to a student over Tmax lessons 



Optimality Principle: FH MDP
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Deterministic, Markovian optimal policies 
for finite-horizon MDPs

Optimal value function dominates all other 
value functions, including general 
history-dependent ones



Infinite Horizon

15



Infinite Horizon
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Infinite Horizon MDP: Optimality Principle
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Optimal policy is Deterministic, Stationary, Markovian



Indefinite Horizon MDP
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Source Source

Total expected cost of any optimal policy in an indefinite horizon 
MDP should be finite even without a discount factor

http://www.youtube.com/watch?v=0I5kl4dns_Q
https://www.youtube.com/watch?v=0I5kl4dns_Q
http://www.youtube.com/watch?v=LwsHiRREVsI
https://www.youtube.com/watch?v=LwsHiRREVsI


Indef H MDPs: Proper Policy
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A proper policy is indefinite-horizon



Stochastic Shortest Path MDPs
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SSP MDPs: Optimality Principle
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Optimal policy is just a mapping from states to actions

How many deterministic stationary 
Markovian policies are there?



SSP MDPs: Optimal Policy

22

Min expected linear additive utility leads to min expected cost from state s to goal



SSP MDPs and other MDPs

23



Value Functions (& notation)

24 Sutton & Barto, Chapter 3



Value Functions
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