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Characteristic Functions
Examples of characteristic functions:

Uniform:

Poisson:

Exponential:

Gaussian: 

Chi-Square:
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Convolution
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Convolution
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Exponential-Gaussian Convolution
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Larger contributions to convolution integral from the left 
→ convolution shifted to the right
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Recognition of ZIP Codes
Goal: Recognize 
hand-written ZIP 
code digits from 
16x16 pixel matrix

“Classification 
problem”: Results 
can be assigned to 
10 different 
groups (0, …, 9)

5

Elements of Statistical Learning (2nd Ed.) c©Hastie, Tibshirani & Friedman 2009 Chap 1

FIGURE 1.2. Examples of handwritten digits from
U.S. postal envelopes.

Elements of Statistical Learning (2nd Ed.), © Hastie, Tibshirani & Friedman 2009
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Prostate Cancer Data
Correlations between 
prostate specific 
antigen (PSA) and 
other clinical 
measurements

Want: prediction of 
PSA from other 
measurements

“Regression problem”: 
quantitative result

6

Elements of Statistical Learning (2nd Ed.) c©Hastie, Tibshirani & Friedman 2009 Chap 1
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FIGURE 1.1. Scatterplot matrix of the prostate can-
cer data. The first row shows the response against each
of the predictors in turn. Two of the predictors, svi

and gleason, are categorical.
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Linear Regression of 0/1 Response
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FIGURE 2.1. A classification example in two di-
mensions. The classes are coded as a binary variable
(BLUE = 0, ORANGE = 1), and then fit by linear re-
gression. The line is the decision boundary defined by
xT β̂ = 0.5. The orange shaded region denotes that part
of input space classified as ORANGE, while the blue region
is classified as BLUE.
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FIGURE 2.2. The same classification example in two
dimensions as in Figure 2.1. The classes are coded as
a binary variable (BLUE = 0, ORANGE = 1) and then fit
by 15-nearest-neighbor averaging as in (2.8). The pre-
dicted class is hence chosen by majority vote amongst
the 15-nearest neighbors.

Elements of Statistical Learning (2nd Ed.) c©Hastie, Tibshirani & Friedman 2009 Chap 2
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FIGURE 2.3. The same classification example in two
dimensions as in Figure 2.1. The classes are coded as
a binary variable (BLUE = 0, ORANGE = 1), and then
predicted by 1-nearest-neighbor classification.
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FIGURE 2.5. The optimal Bayes decision boundary
for the simulation example of Figures 2.1, 2.2 and 2.3.
Since the generating density is known for each class,
this boundary can be calculated exactly (Exercise 2.2).
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