
The joy of data
Plus, bonus feature: fun with differentiation



Administrivia

¥HW1 due now

¥Late days are ticking...

¥OfÞce hours on Wed (tomorrow) cancelled

¥Send mail if you would like to arrange a different 
meeting time



Where we are
¥Last time:

¥Bias

¥Entropy

¥The full DT alg

¥Today:

¥Some mathematical reminders

¥Measuring performance



5 minutes of math
¥Finding the maximum of a function (of 1 variable):

¥Old rule from calculus:

f (x)

d2

dx2 f (x) < 0

d
dx

f (x) = 0



¥Ok, so whatÕs the multivariate equivalent?

¥Ex:

¥WhatÕs the derivative of this with respect to x?

f (x) = ! 2x2
1 + 2x1x2 ! 2x2

2 + 2x2x3 ! 2x2
3

5 minutes of math



5 minutes of math
¥Rule is: for a scalar function of a vector argument

¥ f(x)

¥First derivative w.r.t. x is the vector of Þrst partials:

f (x) = ! 2x2
1 + 2x1x2 ! 2x2

2 + 2x2x3 ! 2x2
3

!
! x

f (x) =
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! 4x1 + 2x2

2x1 ! 4x2 + 2x3

2x2 ! 4x3

#

$

= 0



5 minutes of math
¥Second derivative:

¥Hessian matrix

¥Matrix of all possible second partial combinations
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5 minutes of math
¥Second derivative:

¥Hessian matrix

¥Matrix of all possible second partial combinations

f (x) = ! 2x2
1 + 2x1x2 ! 2x2

2 + 2x2x3 ! 2x2
3
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5 minutes of math

¥Equivalent of the second derivative test:

¥Hessian matrix is negative deÞnite

¥ I.e., all eigenvalues of H are negative

¥Use this to show

¥An extremum is a maximum

¥System is concave



Exercise

¥Given the function:

¥Find the critical point

¥ Is the crit point really a max, min, or neither?

f (x) = 2x2
1 ! 2x1x2 + 7x1 ! 3x2 + 3x2

2



Back to performance...



Measuring accuracy
¥So now you have a DT -- what now?

¥Usually, want to use it to classify new data 
(previously unseen)

¥Want to know how well you should expect it to 
perform

¥How do you estimate such a thing?



Measuring accuracy
¥So now you have a DT -- what now?

¥Usually, want to use it to classify new data 
(previously unseen)

¥Want to know how well you should expect it to 
perform

¥How do you estimate such a thing?

¥Theoretically -- prove that you have the ÒrightÓ tree

¥Very, very hard in practice

¥Measure it

¥Trickier than it sounds!....



Testing with training data
¥So you have a data set:

¥and corresponding labels:

¥You build your decision tree:

¥ tree=buildDecisionTree(X,y)

¥What happens if you just do this:
double acc=0.0;

for (int i=1;i<=N;++i) {

acc+=(tree.classify(X[i])==y[i]);

}

acc/=N;

return acc;

X = [x1|x2| ááá|xN ]
y = [y1, y2, . . . , yN ]T



Testing with training data
¥Answer: you tend to overestimate real accuracy 

(possibly drastically)
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Separation of train & test

¥Funda mental pr inciple  (1st amendment of 
ML):

¥DonÕt evaluate accuracy 
(performance) of your classiÞer 
(learning system) on the same 
data used to train it!



Holdout data
¥Usual to Òhold outÓ a separate set of data for 

testing; not used to train classiÞer

¥A.k.a., test set, holdout set, evaluation set, etc.
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! Xt rain = [x1|x2| ááá|xi ]

Xt est = [xi + 1|xi + 2| ááá|xN ]



Holdout data
¥Usual to Òhold outÓ a separate set of data for 

testing; not used to train classiÞer

¥A.k.a., test set, holdout set, evaluation set, etc.

¥E.g.,

¥                      is training set (or empirical) accuracy

¥                    is test set (or generalization) accuracy

acc(X t rain )

acc(X t est )

X = [x1|x2| ááá|xN ]

! Xt rain = [x1|x2| ááá|xi ]

Xt est = [xi + 1|xi + 2| ááá|xN ]


