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STS 504

Question 1
a) (1) Define principal component analysis and what is its purpose. [3}
(i) Determine the population principal components ¥, and ¥, for the covariance matrix

. _[5 2
"2 2 [6]

(iii)  Also, calculate the proportion of the total population variance explained by the first
principal component.  [4]

b) Convert the covariance matrix in (a) above to a correlation matrix p. [5]
(i) Determine the principal components ¥, and Y, from p and compute the
proportion of total population variance explained by ¥,. [4]

(i) Compare the components calculated in b(i) with those obtained in a(i) . Are they the

same? Should they be? [2]

(iii) Compute the correlations Py .z, > Pr.z, , and Py, z, - [6]

Question 2
a) Show that the covariance matrix
1 .63 45
=163 1 35
45 35 1

for the p = 3 standardized random variables Z,, Z,,and Z, can be generated by the m =1 factor

model



Z,=9F +¢,
Z,=1F +&,
Z,=5F +&

where Var(F)=1, Cov(¢,F)=0,and

19 0 0
¥ =Cov(e)=; 0 51 O
0 0 .75
That is, write p inthe form p=LL"+¥. (6]

b) Use the information in a above
i) Calculate communalities hf ,i =1,2,3, and interpret these quantities.

ii) Caloulate Corr(Z,,F,)for i =1,2,3. Which variable might carry the greatest weight in

"naming" the common factor? Why? {6l

c) The eigenvalues and eigenvectors of the correlation matrix p in a above are
2y =1.96 e, =[625, .593, .507]
X, =.68 ¢, =[-.219, —.491, .843]
1, =36 ¢, =[749, —.638, -.177]

i) Assuming an m =1 factor model, calculate the loading matrix L and matrix of specific
variances W using the principal component solution method. Compare your results with

those in 2a above. [5]

i) What proportion of the total population variance is explained by the first common factor?[4]

...................................................



Question 3

a) Certain characteristics associated with a few United States presidents are listed in the table
below.

Birthplace Elected Prior U.S. Served as
(region of U.S.) firstterm?  Party congregational vice-president?
President experience?
1. R.Reagan Midwest Yes Republican No No
2. J.Carter South Yes Democrat No No
3. GFord Midwest No Republican  Yes Yes
4. R.Nixon West Yes Republican  Yes Yes
5. L.Johnson  South No Democrat Yes Yes
6. JEKennedy  IZast Yes Democrat Yes No

Introducing appropriate binary variables, calculate similarity coefficient,

a+b
r

, Where a represents the frequency of 1-1 matches, b is the frequency of 1-0 matches,

¢ is the frequency of 0-1 matches, d is the frequency of 0-0 matches, and p=a+b+c+d

[Hint: Equal weights for 1-1 matches and 0-0 matches]. [12]

b) Consider the matrix of distances

1 2 3 4 5
1[0 ]
21 4 0
D =36 9 0
411 7 10
506 3 5 8 0 |

Cluster the five items using Single-linkage hierarchical procedure. Draw the dendogram for

each of the procedures. [12]

....................................................................................................................................... [24nxks]



Question 4
a) Define Discriminant analysis. [3]

Consider the two data sets

X, =

B W

For which

(i)

(i) Classify the observation X , = [2

Using the estimated minimum ECM Rule for two normal populations.

— 15
s XQZI:S

Calculate the linear discriminant function.

1 1
:| and Spnofed = 1 2

(5]

7] as population s, or population 7,

[5]

b) Define canonical correlation. Consider the covariance matrix
i Xl(l)
x M Fn | Z 12%
Cav —-—T—Tz = _I__
X ’ ; 2y | Z
LX)
100 0 0 0
10 1 095 0
0 0951 1 0
i o] o 100

Verify that the pair of canonical variate are

Ul =X él) , V2 =X 1( 2 with Canonical correlation p~ = 0.95.

------------------------------------------------------------------------------------
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