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" P(A) + P(B) + P(C) + P(D) + # 

Q: Is this a tight bound? Will it be useful? 

A B 

C 
D 
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P(errortrue(h) ! !, gets m iid data point right) " (1-!)m 

P(errortrue(h1) ! ! bc(errortrue(h1) ! ! OR # OR errortrue(hk) ! !)  

" $kP(errortrue(hk))  ! Union bound 

" $k(1-!)m  ! bound on individual hjs  

" |H|(1-!)m  ! k " |H|   

" |H| e-m!  ! (1-!) " e-!(F8/(<"!"1  
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Argument: For all h we know that 
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Case 1 
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Case 2 

Log dependence on |H|, 
ok if exponential size (but 
not doubly) 

! shrinks at rate O(1/m) 
! H.7(7:/802-/(
10i?-0O-(:H.0 #  
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Why? Same reasoning as before. Use the Union 
bound over individual Chernoff bounds  
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or, after moving some terms around, 

with probability at least 1-#:"
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for all h, with probability at least 1-#:"

“bias” “variance” 
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!2005-2007 Carlos Guestrin 17

PAC bound and Bias-Variance

tradeoff

! Important: PAC bound holds for all h,

but doesn’t guarantee that algorithm finds best h!!!

or, after moving some terms around,
with probability at least 1-":

!2005-2007 Carlos Guestrin 18

What about the size of the

hypothesis space?

! How large is the hypothesis space?
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!2005-2007 Carlos Guestrin 17

PAC bound and Bias-Variance

tradeoff

! Important: PAC bound holds for all h,

but doesn’t guarantee that algorithm finds best h!!!

or, after moving some terms around,
with probability at least 1-":

!2005-2007 Carlos Guestrin 18

What about the size of the

hypothesis space?

! How large is the hypothesis space?

11

!2005-2007 Carlos Guestrin 21

PAC bound for decision trees of

depth k

! Bad!!!

" Number of points is exponential in depth!

! But, for m data points, decision tree can’t get too big…

Number of leaves never more than number data points

!2005-2007 Carlos Guestrin 22

Number of decision trees with k leaves

Hk = Number of decision trees with k leaves

H0 =2

Loose bound: Reminder:
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Bias / variance again 
•  k << m: high bias, low variance 
•  k=m: no bias, high variance 
•  k>m: we would never do this!!! 
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2 Points: 

3 Points: 

etc (8 total) 

Yes!! 

No# 
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