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Learning

• Problem:
� Meinolf has sent the six TAs 

on an airplane, which crashes 
on a remote island.

� This island’s only edible 
substances are mushrooms.

� Some of these mushrooms 
are poisonous while others 
are tasteless yet edible.

• The other TAs elect Joe to 
figure out which mushrooms 
are edible.

• What should Joe do?!
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• Joe goes and collects some mushrooms.
• Which are edible and which are poisonous?
• Joe decides to have the other TAs each eat one 

kind of mushroom, noting which TA ate what sort.
• Then Joe waits a couple of hours.

Mushrooms
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• As Joe will soon run out of TAs, he needs to 
make good predictions on the edibility of new 
mushrooms based on the experiences with 
the mushrooms that they saw.

• Is                    Edible?  

• What principles would you use to make 
reliable judgments in the future?    

Goal of Learning
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Goal of Learning

• Given:
� Training set – a set of examples with features

and classification
• Features – mushroom stem length, cap size, smell
• Classification – edible/not edible

• Task: Compute a classifier!
� Classifier: A rule how to classify a new example 

based on its features
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Training Set 1

• Each example has an associated vector of discrete features 
(stem, cap width, odor) and a binary classification (edible?).

Y

N

Y

N

N

Edible?

smelly

none

none

smelly

smelly

Odor

S

S

L

M

S

Cap

M5

L

S

M

S

Stem

4

3

2

1

#



CS 141 - Intro to AI 8

Decision Tree
(branch on first)
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Using a decision tree to classify            
a new example
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Using a decision tree to classify a 
new example
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Importance of Features

• What if none of the features that we based 
our decision on have anything to do with 
whether or not the mushroom is edible?!!
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Mushrooms Supervised Revisited
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Training Set 2
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Decision Tree                                                   
(branch on first attribute)
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Using the decision tree to classify a 
new example
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Are you confident in this 
classification?

• Do you think        should have been 
classified as edible?

• It seems we are picking the wrong attributes 
to split on

• How can we know which attributes provide 
us the most predictive power?
� Idea: Use Occam’s razor – smallest tree that 

first data implies better predictions!
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Ockham(Occam)’s Razor

• “pluralities ought not 
be supposed without 
necessity”
� The simplest 

explanation that can 
explain the 
phenomenon is most 
likely the right one

• Common machine 
learning assumptionLogician and friar 

William of Ockham
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• What is the function 
underlying the data 
plot?

• This makes a 
prediction of the 
resulting y-values of 
any x-value, not just 
those we have seen

• Which prediction is 
best?

Understanding Occam’s Razor
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Probability Theory

• Given:
� Finite set of atomic events = { 1,…, n}
� Probability of each atomic event is given by P( i) 
� Probability space ( , P)

• We call ( , P) a probability space iff P has the 
following properties:
� 1. P(� ) = 0
� 2. P( ) := P( i) = 1
� 3. Probability of event A � occurring is                             

P(A) := � A P( )
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Rolling an Unbiased Die

• Die Example: 

• What is P(1 or 2) [=P({1,2})] mean?

• Conceptually:

{ }6,5,4,3,2,1=W
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Rolling two dice

• New sample space:
• For fair dice, all atomic events occur equally 

often, i.e. P((i,j))=P(i,j)=1/36.
• What about P(the sum of the dice is 3)?

• What is the probability of seeing (1,2) given 
we know the sum of the dice is 3?

• This is known as conditional probability.
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Rolling two dice (Conditional)

• Idea:
� Once we know the sum is three, there are only 

two equally likely ways to get a sum of three 
and thus the probability of (1,2) should be ½.

• We write P((1,2)|sum=3). 

• The | read “given” and denotes that we are 
conditioning on the event on the right             
(we already know the sum is 3).
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Goal of Learning

• Given:
� Training set – a set of examples with features

and classification
• Features – mushroom stem length, cap size, smell
• Classification – edible/not edible

• Task: Compute a classifier!
� Classifier: A rule how to classify a new example 

based on its features
� Find a classifier C such that                                   

C = argmaxC P(C|examples)!



The EndThe End


