56:295 - 001
Multivariate Statistics and Advanced Quality Control
Fall 05

HWS5 Due: October 26 (Wednesday), 6:15pm
Solution
Solve the following problems from the textbook (J& W)

8.6(a)(b)(c) (you can use a software such as Matlab to calculate the eigenvalues and
eigenvectors; but do NOT use the PCA function of software)

(a) 7y = 0.999673z, + 0.025574zr,. Sample variance of §; = 5.1‘—_- 1.0012 x 10°.
§, = —0.025574r; + 0.999673z,. Sample variance of §; = A; = 775,734.3.

(b) Proportion of total sample variance explained by g is ;\Jﬁu + A2) = 0.99923.
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8.7(8)(b)(d) i
(a) y1 = 0.707107z, + 0.707107z;. Sample variance of 7, = Ay = 1.67615.
gz = —0.707107z, 4 0.7071072z;. Sample variance of §; = A, = 0.32385.

Correlaticn Matrix

SALES PROFITS
SALES 1.0000 0.6762
PROFITS 0.6762 1.0000

(b) Proportion of total sample variance explained by 7, is Ay/(A; + A;) = 0.83808.



(d) The nature of the principal component is heavily influenced by the relative sizes of the
variances of the variables. The correlation coefficients between the components and the
variables give some indication of the importance of the variables taking account differ-
ences in variances. Standardizing the variables makes the variable units comparable

and puts the variables on similar scales.

8.18(a)(b)(c) (use Minitab or another statistical package for PCA; for part (b), do not need to
show the correlations of the standardized variables with the components; the data file for Table
1.9 is posted on the homework page).
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Eigenvalues of the Cﬁrrelation Matrix
Difference

Eigenvalue
PRIN1 5.80569
PRINZ 0.65365
PRIN3 0.29988
PRIN4 0.12548
PRINS 0.05382
PRING 0.032805
PRIN7 0.02244
Eigenvectors
PRIN1 PRIN2
X1 0.368356 0.490060
X2 0.365364 0.536580
X3 0.381610 0.246538
¥4 0.384559 -. 155402
X5 0.389104 -.360409
X6 0.38BB66 -.34T539
X7 0.367004 -.369208
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[b) y1 = 0.3684z, + 0.36542; + 0.38162z3 + 0.3846=z, + 0.3891z; + 0.3889z¢ + 0.3670=~.
y2 = 0.4901z; + 0.53662z; + 0.2465z3 — 0.1554z4 — 0.3604z5 — 0.3475z¢ + 0.3692z7.
The cumulative percentage of total variance explained by the first two components is 92.3%.

(€) The first principal component has strong positive correlations with
all of the standardized variables. This component may be identified
as a measure of athletic excellence (excellence in all running events).
The second component has positive correlations with variables z;—z;
(100m, 200m, 400m) and negative correlations with variables z4—z;
(800m, 1500m, 300m, marathon). This component contrasts excellence
at running short distances (primanly speed) with excellence at running
the long distances (primarily endurance).



