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Recommended References
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• Bertsekas, D. P. (2019). Reinforcement Learning and Optimal Control. Athena Scientific. 

• Puterman, M. L. (2014). Markov Decision Processes: Discrete Stochastic Dynamic Programming. 

Wiley. 

Additional Course Materials

• Instructor-provided lecture notes, slides, and supplementary reading materials. 

• Programming assignments and practical exercises using Python and relevant machine learning libraries. 

• Selected research papers and technical articles on reinforcement learning and decision-making. 

• Computational demonstrations, datasets, and examples provided throughout the course. 

Primary Textbook
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https://web.stanford.edu/class/psych209/Readings/SuttonBartoIPRLBook2ndEd.pdf


You can find:

📢 Course announcements & communication

📅 Slides & weekly schedule

📚 Textbook & reading materials

👩‍🏫 TA

📋 Course policies 

Here:   https://hodazamani.github.io/Courses/
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Coursework & Grading

Assessment Component Weight

Weekly Assignments & Programming Exercises 20%

Midterm Examination 30%

Reinforcement Learning Project/Presentation 20%

Final Examination 30%

Total 100%
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Define Reinforcement Learning (RL)
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▪ The Agent–Environment Interface

▪ Goals and Rewards

▪ Returns

▪ Unified Notation for Episodic and Continuing Tasks

▪ The Markov Property

▪ Markov Decision Processes

▪ Value Functions

▪ Optimal Value Functions

▪ Optimality and Approximation

CONTENTS
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What Is Reinforcement Learning?
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Reinforcement learning is the problem of learning to make decisions through interaction with an environment to achieve a goal.

Two fundamental components:

•Agent

•Learner and decision-maker 

•Selects actions 

•Learns from experience 

•Environment

•Everything outside the agent 

•Responds to the agent's actions 

•Produces new states and rewards 

Simple process:

Agent → Action → Environment → Reward + New State → Agent

Unlike supervised learning, where the learner is given correct answers, reinforcement learning involves interaction. The agent 

must decide what to do, observe what happens, and use the resulting experience to improve future decisions.

What Is Reinforcement Learning?

The agent observes a state, selects an action, and 

receives a reward and a new state from the 

environment.
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Agent–Environment Interaction
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Five Fundamental Elements RL
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States describe the information available to the agent. Actions represent choices. Rewards indicate how desirable 

the outcome was to the agent. The policy connects states to actions and is the mechanism through which behavior 

is represented.
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What Is a Policy?
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Flexibility of the RL Framework
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The Agent–Environment Boundary
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The Agent–Environment Boundary
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Knowledge vs. Control
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The Three-Signal Abstraction
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Representation Matters
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Example 1-- Bioreactor
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The agent uses sensor information to 

select temperature and stirring targets, 

while chemical production provides 

feedback through the reward.



17
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 17

Mapping the Bioreactor to RL

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes

Example 1-- Bioreactor
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Example 2: Pick-and-Place Robot
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The agent uses joint information to control the motors 
and learns movements that successfully manipulate 
objects while reducing undesirable motion.



19
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 19

Pick-and-Place: Reward Design
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Reward design is extremely important. If we only reward 

successful placement, the robot might discover movements that 

accomplish the task but are unnecessarily aggressive or jerky. 

Additional penalties can encourage smoother behavior.
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Example 3: Recycling Robot
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The RL agent makes high-level decisions, while 

other robot components execute those decisions. 

This illustrates that the agent need not be 

identical to the entire physical robot.
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Recycling Robot: Reward Structure
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Recycling Robot — Rewards
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The Robot ≠ Agent
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The Entire Robot Is Not Necessarily the Agent

In the recycling example:
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Comparing the Three Examples
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Three RL Applications
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What These Examples Demonstrate
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Goals, Rewards, and Returns
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Goals and Rewards



26
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 26

Goals, Rewards, and Returns
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Goals and Rewards
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The Reward Hypothesis
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This is one of the most important ideas in reinforcement learning.

Instead of explicitly programming an agent with a complete description of what we want it 

to do, we define a reward signal that represents the desired outcome.

The agent then learns a policy that attempts to maximize the expected cumulative reward.
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Why Rewards Are Powerful
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Reward Signals Can Represent Many Goals

The reward mechanism appears simple, but it is surprisingly flexible.
For example, in a maze, giving the robot −1 at every time step encourages it to reach the exit quickly. It 
does not need a separate rule saying "be fast." The reward structure creates that incentive.
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The Reward Signal Defines What the Agent Learns
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Reward Design: What NOT to Do
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Where Does the Reward Come From?
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Internal vs. External Reward
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Internal Rewards Are Also Possible
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Returns
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Undiscounted Return
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This is the simplest definition of return: add all the rewards from the current point until the end of the episode.
It works particularly well when there is a natural ending point.
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Episodic Tasks
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Continuing Tasks
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There is no Goal/Terminal State.
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Continuing Tasks
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Discounted Return
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Example - Discounted Return
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Example - Discounted Return
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Myopic vs. Farsighted Agents
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Myopic vs. Farsighted Agents
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Why Immediate Reward Is Not Enough
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Why Immediate Reward Is Not Enough
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Immediate reward tells us what we get now, but the return tells 
us how good the consequences of an action are over time.
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Example-Pole-Balancing
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Example-Pole-Balancing
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Example-Pole-Balancing
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Pole-Balancing as an Episodic Task
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Pole-Balancing as an Episodic Task
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Pole-Balancing as an Episodic Task
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Pole-Balancing as a Continuing Task
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Pole-Balancing as a Continuing Task
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Pole-Balancing as a Continuing Task
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Two Formulations, Same Objective
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Two Formulations, Same Objective
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Big Picture: Goal → Reward → Return
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Unified Notation for Episodic and Continuing Tasks
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Episode Notation

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes



60
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 60

Terminal State as an Absorbing State
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Terminal State as an Absorbing State
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Terminal State as an Absorbing State
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Terminal State as an Absorbing State
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Terminal State as an Absorbing State
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Unified Return
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Markov Property
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Markov Property

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes



68
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 68

Markov Property
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Hidden Information
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Hidden Information
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Example: Pole-Balancing State
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Example: Pole-Balancing State
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Example: Pole-Balancing State

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes



74
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 74

Example: Pole-Balancing State
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Example: Draw Poker
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Exercise 2
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Markov Decision Processes
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MDP Dynamics
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Expected Reward
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Expected Reward
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State Transition Probability
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State Transition Probability
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Expected Reward for a Specific Transition
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Example— Recycling Robot
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Recycling Robot: Wait and Recharge
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Recycling Robot: Transition Table
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Recycling Robot: Transition Graph
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Value Functions
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State-Value Function
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Action-Value Function
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Estimating Value from Experience
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Value Function Approximation
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Bellman Equation
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Bellman equation = the mathematical foundation of the backup process.
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Example— Backup Diagrams
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Example

Imagine a robot is at State S:
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Example— Gridworld
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Gridworld Environment

Gridworld is a simple environment used in Reinforcement Learning to explain how an agent learns to choose actions.
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Example— Gridworld Special States
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Example— Gridworld Value Function
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Example— Gridworld Value Function
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Example— Golf

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes



99
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 99

Golf— State-Value Function
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Golf— Action-Value Function
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Example— Golf
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Example— Golf
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Example— Golf
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Optimal Value Functions
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Policy and Value Function
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Comparing Policies
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What is an Optimal Policy?
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Optimal State-Value Function
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Optimal Action-Value Function
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Relationship Between v* and q∗
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Bellman Optimality Equation for v∗
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Breaking Down the Bellman Equation
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Numerical Example of Bellman Optimality
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Bellman Optimality Equation for q∗
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v∗ vs. q∗

Wednesday 30/ September 2026

Chapter 2: Finite Markov Decision Processes



116
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 116

The Golf Example
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Why q* is Powerful
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Greedy Policy
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Why Greedy with v* is Optimal
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Approximate Solutions
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Tabular Methods
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Function Approximation
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Why Approximation Can Work Well
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Key Takeaways
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Final Summary
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Summery of Formula
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot

Wednesday 30/ September 2026



133
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 133

Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot

Wednesday 30/ September 2026



140
Dr.  Hoda Zamani Lecture 2: Finite Markov Decision Processes 140

Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Example - Delivery Robot
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Question?

Thank you!
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