










  

 























































































































































































































































 

 

 

 







  







  







  







 



















































































No True High Mild Rainy 

Yes False Normal Hot Overcast 

Yes True High Mild Overcast 

Yes True Normal Mild Sunny 

Yes False Normal Mild Rainy 

Yes False Normal Cool Sunny 

No False High Mild Sunny 

Yes True Normal Cool Overcast 

No True Normal Cool Rainy 

Yes False Normal Cool Rainy 

Yes False High Mild Rainy 

Yes False High Hot   Overcast 

No True High Hot Sunny 

No False High Hot Sunny 

Play Windy Humidity Temp Outlook 
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? True High Cool Sunny 

Play Windy Humidity Temp. Outlook 
●A new day: 

Likelihood of the two classes 

For “yes” = 2/9  3/9  3/9   3/9  9/14 = 0.0053 

For “no” = 3/5  1/5  4/5  3/5  5/14 = 0.0206 

Conversion into a probability by normalization: 

P(“yes”) = 0.0053 / (0.0053 + 0.0206) = 0.205 

P(“no”) = 0.0206 / (0.0053 + 0.0206) = 0.795 



●Probability of event H 

given evidence E: 

     

 

 

●A priori probability of 

H : 

●Probability of event 

before evidence is seen 

●A posteriori probability 

of H : 

●Probability of event 

after evidence is seen 
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𝑃𝑟 𝐻 ∣ 𝐸 =
𝑃𝑟 𝐸 ∣ 𝐻 𝑃𝑟 𝐻

𝑃𝑟 𝐸
 

𝑃𝑟 𝐻  

𝑃𝑟 𝐻 ∣ 𝐸  



●Classification learning: 

what’s the probability 

of the class given an 

instance? 

Evidence E = instance 

Event H = class value for 

instance 

●Naïve assumption: 

evidence splits into 

parts (i.e. attributes) 

that are independent 
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𝑃𝑟 𝐻 ∣ 𝐸 =
𝑃𝑟 𝐸1 ∣ 𝐻 𝑃𝑟 𝐸2 ∣ 𝐻 ∗ ⋯∗ 𝑃𝑟 𝐸𝑛 ∣ 𝐻 𝑃𝑟 𝐻

𝑃𝑟 𝐸
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? True High Cool Sunny 

Play Windy Humidity Temp. Outlook 

Evidence E 

Probability of 

class “yes” 

𝑃𝑟 𝑦𝑒𝑠 ∣ 𝐸 = 𝑃𝑟 𝑂𝑢𝑡𝑙𝑜𝑜𝑘 = 𝑆𝑢𝑛𝑛𝑦 ∣ 𝑦𝑒𝑠  

× 𝑃𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 = 𝐶𝑜𝑜𝑙 ∣ 𝑦𝑒𝑠  

× 𝑃𝑟 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 = 𝐻𝑖𝑔ℎ ∣ 𝑦𝑒𝑠  

× 𝑃𝑟 𝑊𝑖𝑛𝑑𝑦 = 𝑇𝑟𝑢𝑒 ∣ 𝑦𝑒𝑠  

×
𝑃𝑟 𝑦𝑒𝑠

𝑃𝑟 𝐸
 

=

2
9
×
3
9
×
3
9
×
3
9
×

9
14

𝑃𝑟 𝐸
 



●What if an attribute value 
doesn’t occur with every class 
value? 
(e.g. “Outlook = overcast” for 
class “no”) 

Probability will be zero! 

A posteriori probability will also 
be zero! 
(No matter how likely the other 
values are!) 

●Remedy: add a small value to 
the count for every attribute 
value-class combination 
(Laplace estimator) 

●Result: probabilities will 
never be zero! 
(also: stabilizes probability 
estimates) 
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𝑃𝑟 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 = 𝐻𝑖𝑔ℎ ∣ 𝑦𝑒𝑠 = 0 

𝑃𝑟 𝑦𝑒𝑠 ∣ 𝐸
= 0 



●Example: attribute outlook for class yes 

 

 

 

 

 

 

●Weights don’t need to be equal  
(but they must sum to 1) 
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Sunny Overcast Rainy 

2 + 𝜇/3

9 + 𝜇
 

4 + 𝜇/3

9 + 𝜇
 

3 + 𝜇/3

9 + 𝜇
 

2 + 𝜇𝑝1
9 + 𝜇

 
4 + 𝜇𝑝2
9 + 𝜇

 
3 + 𝜇𝑝3
9 + 𝜇

 



●Training: instance is not included in 

frequency count for attribute value-

class combination 

●Classification: attribute will be 

omitted from calculation 

●Example: 
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? True High Cool ? 

Play Windy Humidity Temp. Outlook 

Likelihood of “yes” = 3/9  3/9   3/9  9/14 = 0.0238 

Likelihood of “no” = 1/5  4/5  3/5  5/14 = 0.0343 

P(“yes”) = 0.0238 / (0.0238 + 0.0343) = 41% 

P(“no”) = 0.0343 / (0.0238 + 0.0343) = 59% 
























