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1. (20 pts) Let W be a subspace of R",
(2) (5 pts) It’s known that W is a subset of R® and W itself is a vector space. What is a
vector space?
(b) (5 pts) Define the orthogonal complement of W, W+,
{¢) (10 pts) Show that R* = W @ W+.

2. (10 pts) Let W be the subspace of the plane 3z — 2y + z = 0 in R®. Find the shortest distance
of the vector u = (2,3, —1) to W.

3. (20 pts) Consider an experimental! design. We have 3 factors of interest. Hach treatment has
two possible levels, H{(HIGH) and L(LOW). Thus, there are 8 possible combinations in total.
Define the following parameters for the response Y,

B = so6verall mean,
93y =~ mean increment due'to Xi;
g,/ = mean increment due to X3,

63 = 'mean incrément due to Xa.

The responses Y;, - -4 Ys under the 8 levels are expressed in the following way, where ¢;, i =
1,---,8, are random errors.

Treatment Level Response model
Trial X3 X X3 Y
TNH H - H W =gt é 40, #65+ @
2 H_"H L Yo =46, 483 — 83+ €2
8 H L H Y=ursh-d+i+e
4 H L L Yi=p+8 —80—03+¢
5 L H H Ye=p—8 +02+03+¢s
6 L H L Ye=p-f+d—d+e
7 L L H Yr=p-h-h+d+te
8 L L L Ye=p—-6—8—8+es

(a) (10 pts) Express the model of the response variable in matrix form.
(b) (10 pts) Find the least squared estimates of p,8y,ds,d3.
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For the following problems, show your calculation to receive full credit.

4. (10 pts) Evaluate the following integral:

* sin(r)
dr.
0 T

f(-'L' y) = { mfi-yi (:!,“, y) 75 (0, 0),
: 0 (zu)% (0,0).
Is f continuous at = =y =07 (Give an explanation.,

5. (10 pts) Let

6. (30 pts) Let f(c) = e’ Ae, where'c is a 2 x 1 column vector and A is a 2 x 2 matrix:

~ @ . = A
— [CJ and A-»[l 3}.

(a) (20 pts) Find'e* that maximizes f(c) subject to & + ¢ # 1.
(b) (10 pts) Find/f(e*).
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