
Stat 406 Spring 2007: Homework 7

Out Mon 19 March, back Mon 26 March

1 PCA vs naive Bayes for digit recognition

Downloadcode.zip. Load the fileusps digits 479.mat (or usps digits 479 V6.mat if you have mat-
lab 6) which containsdata.Xtrain of size300 × 256, data.ytrain of size300 × 1, data.Xtest of size
300 × 256, data.Xytest of size300 × 1, Each data case is a16 × 16 image of a handwritten digit, either a 4, 7 or
9.

1. Train a classifier in which the class conditional density is based on PCA and is given by

p(x|y = c) = N (x|µc,WcW
T
c + σ2

cI) (1)

whereWc, µc, andσ2

c are estimated usingppcaFit applied to the training data for classc.

2. Using a uniform class priorp(y = c) ∝ 1, compute the class posteriorp(y = c|xi). You can use the function
ppcaLoglik andlogsumexp. Plot the posterior as an an image usingimagesc(posterior). You
should get something like Figure 1(left).

3. Compute the MAP estimatêyi = arg maxc p(y = c|xi) for each test case. Compute the number of errors,∑
i I(ŷi 6= yi) for each test case. (I get 16 errors). Which test cases did youget wrong? Plot the first 9

erroneously labeled images using something like

img = reshape(data.Xtest(i, :), [16 16]));
imagesc(img); colormap(gray); axis off

You should get something like Figure 1(right).
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i=17, ytrue = 4, yhat=9 i=49, ytrue = 4, yhat=9 i=102, ytrue = 7, yhat=4

i=113, ytrue = 7, yhat=4 i=143, ytrue = 7, yhat=9 i=147, ytrue = 7, yhat=9

i=161, ytrue = 7, yhat=9 i=162, ytrue = 7, yhat=9 i=179, ytrue = 7, yhat=9

Figure 1: Left: posterior over 3 classes and 300 test cases using PPCA. Right: first 9 erroneously labeled images in
test set.
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i=2, ytrue = 4, yhat=9 i=5, ytrue = 4, yhat=9 i=6, ytrue = 4, yhat=9

i=7, ytrue = 4, yhat=9 i=8, ytrue = 4, yhat=9 i=9, ytrue = 4, yhat=9

i=12, ytrue = 4, yhat=9 i=16, ytrue = 4, yhat=9 i=17, ytrue = 4, yhat=9

Figure 2: Left: posterior over 3 classes and 300 test cases using Naive Bayes. Right: first 9 erroneously labeled images
in test set.

4. Now repeat all of the above using a naive Bayes classifier

p(x|y = c) =

d∏

j=1

N (xj |µcj, σ
2

cj) (2)

whered = 256 represent the number of dimensions. I get 70 errors and Figure 2.
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