
Introduction to Dynamic Programming (DP)

Infinite Horizon



• Infinite Horizon Problems
• Notation
• Value Iteration
• Policy Iteration

• Operator Formulation

• Introduction to Q-function
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Outline



The Infinite Horizon Case
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Dynamic Programming
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Limiting Solution: Bellman’s Equation



5

Greedy Policy
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Value Iteration (special case)
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Q Function
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Operators
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DP Operator
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Evaluation Operator
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Matrix Representation (Discrete States)
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Repeated Operations
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Definitions
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Contraction Operator



15

Contraction Theorem
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Monotonicity of DP Operator
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More Properties
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Value Iteration
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Policy Iteration
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Policy Iteration: Property 1
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Policy Iteration
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Error Bounds



23

Grid-World Problem
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Grid World: Winter Parking with Ice and Potholes
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Value Iteration: Step 1
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Grid World: Value Iteration
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Value Iteration
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Value Iteration
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Poicy Iteration



• Curse of dimensionality
• Exponential growth of computation and storage 

requirements in number of states and actions
• Quick explosion of number of states in combinatorial 

problems

• Modeling
• Not always available 
• Sometimes simulation is easier / preferred

• Real-time computation constraints
• Data changes, necessitates online replanning

Must Approximate!
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Practical Difficulties of DP
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• Having Q-functions is convenient for online policy implementation.

• Model-free?

• More sample efficient

• Q-Learning is a sampling based method to approximate the Q-function.

Q-Functions

Why use Qs 
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Q-Functions

Why use Qs 
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Q-Learning for MDPs: Sneak Preview
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Q-Learning for MDPs

Tabular version
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