
Lecture 2

Markov Decision Processes and Optimal 

Control



• State Representation

• Definitions

• Continuous vs Discrete MDP

• Control/Decisions

• Optimal Control 

• Optimal Control 

• Stability

• Linear Systems
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Outline
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State Space



Dynamic Systems and States
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General Dynamic System



Dynamic Systems and States
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State: A set of variables that summarizes all the necessary 
information about the system’s current and past conditions to 
predict its future behavior (given past exogenous disturbances), 
without needing to know the past history of the system.

General Dynamic System



Dynamic Systems and States
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State: A set of variables that summarizes all the necessary 
information about the system’s current and past conditions to 
predict its future behavior (given past exogenous disturbances), 
without needing to know the past history of the system.

General Dynamic System



Independent Noise
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Independent Noise
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Independent Noise

 

9

Convolution



Discrete State 
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Discrete Example: State dependent noise
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Example: State dependent noise

 

12



Example: State dependent noise
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Kernel Representations
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Is the converse true?



Kernel Representations

 

15

Hint: Simulate using a uniform distribution on [0,1]. 
Divide the access to reflect the probabilities!
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Markov Decision Processes
(MDP)



Markov Decision Process (MDP) (control systems)
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Memoryless Feedback

Is it Markov?



Transition Kernel Representation
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Example: A queuing control problem
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Example: Model and State

 

Is this a state representation?
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Example: Memoryless Distribution

 



MDP (general strategies)
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Control Strategy

Is there a problem with this?

Is it Markov? What is the state?



Example: Autoregressive Models with Inputs
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Example: Autoregressive with moving average models
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Use superposition: Linearity allows the realization of each separate system
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Dynamic Programming and
Optimal Control



Introduction to Dynamic Programming

 A mathematical framework of sequential decision making under uncertainty



Introduction to Dynamic Programming

 A mathematical framework of sequential decision making under uncertainty



Introduction to Dynamic Programming

 A mathematical framework of sequential decision making under uncertainty



Introduction to Dynamic Programming

 A mathematical framework of sequential decision making under uncertainty
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Motivation: Inventory control
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Motivation: Inventory control
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Motivation: Stopping-time Problem
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Stopping-time Problem: A call Option
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Queuing Example
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Questions
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More on Dynamical
Systems



Linear System

Solution

Linear Systems



Solving a linear system

Solution of Linear Systems



Stability of Linear Systems



Stability of Linear Systems



Stability dynamical systems



Lyapunov Functions



46



Systems with Noise



Linear Systems with Noise
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Questions
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