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The objectives of this lecture is to:
• Define temporal-difference learning 

• Define the temporal-difference error 

• Understand the TD(0) algorithm

• Understand the benefits of learning online with TD 

• Identify key advantages of TD methods over Dynamic Programming and 

Monte Carlo methods 



What is Temporal Difference (TD) learning?

• Temporal difference (TD) learning refers to a class of model-free reinforcement 
learning methods which learn by bootstrapping from the current estimate of the 
value function. 

• These methods sample from the environment, like Monte Carlo methods, and 
perform updates based on current estimates, like dynamic programming 
methods.

• That means this algorithm can form a Monte Carlo estimate without saving lists 
of returns. 

• In this case we want to be able to learn incrementally before the end of the 
episode.
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TD Prediction

In MC we need to take samples of full 
trajectories to compute Gt

Incremental update rule (as 
in the bandit)
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Bootstrapping
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TD Prediction

TD Error

We need to take 
samples of full 
trajectories to 
compute Gt
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In Dynamic Programming
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1-Step TD
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1-Step TD
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TD(0) Algorithm
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Example: Driving Home
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Driving Home Each day as you drive home from work, you try to predict how long it will 
take to get home. When you leave your office, you note the time, the day of week, the 
weather, and anything else that might be relevant. Say on this Friday you are leaving at 
exactly 6 o’clock, and you estimate that it will take 30 minutes to get home. As you reach 
your car it is 6:05, and you notice it is starting to rain. Traffic is often slower in the rain, 
so you reestimate that it will take 35 minutes from then, or a total of 40 minutes. Fifteen 
minutes later you have completed the highway portion of your journey in good time. As 
you exit onto a secondary road you cut your estimate of total travel time to 35 minutes. 
Unfortunately, at this point you get stuck behind a slow truck, and the road is too narrow 
to pass. You end up having to follow the truck until you turn onto the side street where 
you live at 6:40. Three minutes later you are home. The sequence of states, times, and 
predictions is thus as follows:
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Example: Driving Home (Using MC)
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Example: Driving Home (Using TD)
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Example: Driving Home (Using TD)

www.midocean.ae
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Example: Driving Home (Using TD)

Unlike MC
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Changes recommended in the driving home example by Monte Carlo methods (left) and TD 
methods (right).



The advantages of  TD

• Do not require a model of the environment (Unlike Dynamic Programming)

• Updates estimates based on other estimates on every step (Unlike Monte Carlo)

• Converges faster than Monte Carlo methods
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Comparing TD and MC
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Comparing TD and MC

α=0.5
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Comparing TD and MC

α=0.5
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Comparing TD and MC
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Example
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𝜶
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Summary
• Define temporal-difference learning 

• Define the temporal-difference error 

• Understand the TD(0) algorithm

• Understand the benefits of learning online with TD 

• Identify key advantages of TD methods over Dynamic Programming and 

Monte Carlo methods 



Thank You
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