
Adv. App. Multivariate Analysis homework 4

Due date: March 24

1. Canonical Correlation Analysis for fit data. This dataset was analyzed using fit.R during class. Let
X = (X1, X2, X3)′ be the physiological variables, and Y = (Y1, Y2, Y3)′ be the exercise variables.

(a) Report the estimated canonical correlation vectors j1 and h1 (for X and Y, respectively).

(b) Collect the the vectors of canonical variates ξk and ωk (k = 1, 2, 3). Confirm that the sample
correlation coefficients between (ξi, ξj), (ωi, ωj), (ξi, ωj) for i 6= j are all zero by computing the
sample canonical correlation matrix for (ξ1, ξ2, ξ3, ω1, ω2, ω3).

2. PCA for pendigit data. The dataset is from UC Irvine Machine Learning Repository at http://

archive.ics.uci.edu/ml/datasets/Pen-Based+Recognition+of+Handwritten+Digits. Read the
data set description at the webpage linked above and also Section 7.2.10 of Izenman. We take a subset
of data contained in pendigit3.txt (download this file at the course webpage). The data set contains
n = 1055 observations of p = 16 variables, with last column of the dataset, containing ’3’s, represents
that the observation is a writing of a digit 3. The 16 variables are equispaced locations of pen at 8
timepoints, and are arranged as (x1, y1), (x2, y2), . . . , (x8, y8).

(a) Visualize the first observation by plotting x against y. You should see the digit 3.

(b) Perform PCA for this dataset and report the result by 1) scatterplot matrix of principal compo-
nents and 2) scree plot.

(c) Do the data look as if they are from a MVN distribution?

(d) How many components will you keep? Give a justification.

(e) Walk along each of the first four principal components. Explain the modes of variation captured
by each component.

(f) Now open the data in pendigit8.txt. Combine two datasets into one, forming a data matrix
with N = 2110 observations. Perform PCA on this dataset and report the result by scatterplot
matrix of principal components. Do you see a nice separation of observations corresponding to
the digit 3 and digit 8?

3. Conduct binary classification for the pendigit data to classify a data observation to “3” or “8”
using the combined data (used in Problem 4(f)). Perform binary classification using (a) LDA, (b)
Nearest Centroid rule, (c) QDA, and (d) 5-Nearest Neighbor. Use 10-fold cross validation to report
misclassification rates of these four classifiers. To report your results, use a bar plot with 5 vertical
bars (each one corresponding to a classifier) and the height of the bar being the 10-fold cross validation
error.

4. Use cross validation to select tuning parameter. Conduct k-nearest neighbor classifiers to the pendigit
data, for k = 2, 3, . . . , 15. For each k, calculate the cross-validation error. Report the result in a plot
with k on the x-axis and the 10-fold cross validation errors on the y-axis. The dots in the plot for two
adjacent k values shall be connected by a line segment. Note that you must keep the same random
splitting in the cross validation calculation for different k values.

5. Submit a pseudo-code for your 10-fold cross validation calculation in the two questions above. You
may directly submit your original programming code in the language that you choose, but your code
must be concise enough and have informative comments.


