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. (15%) Suppose that you randomly select a number from an open interval between 0 and 1, i.e.,
the interval (0,1). Let the number selected be denoted as X.
(a) Is X a discrete random variable (RV) or a continuous RV? Justify your answer.
(b) What is the probability that the number selected is 0.57 Justify your answer.
(c) Use three different ways (in a mathematical language) to describe the distribution of X.
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. (10%) Consider a RV X whose expected value and variance exist. You are asked to find a
constant ¢ such that it best represents X in the sense that ¢ minimizes the mean square error
(MSE), where the MSE is defined as E[(X — c)?] where E[:] represents the expeczation.

(a) Find c. »
(b) [continued from part (a)] Find the minimum value of the MSE.
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. (10%) The jointly continuous random variables X and Y have a joint probability density func-
tion (pdf) that is uniform over the region defined by {(z,y)|0 < z < 1,|y| < z}.
(a) Determine the conditional pdf fxy(z|y).
(b) Find the conditional expectation F[X|Y = y] for |y| < 1.
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. (15%) The RV Z is a Gaussian RV its mean and variance are denoted as m and o2, respectively.
Let X = |Z — m|. Find the variance of X.
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. (20%) Mark each of the following statements True (T) or False (F). (Need not to give reasons.)

(a) For a square matrix M, if the columns of M are linearly independent, then the rows of M
are also linearly independent.

(b) For a square matrix M, if the columns of M form an orthonormal set, then the rows of M
also form an orthonormal set.

(c) For an m x n matrix A, if the columns of A are linearly independent, then AAT is an
invertible matrix.

(d) If both A and B are n X n symmetric matrices, then both AB and BA are also symmetric
matrices.

6. (10%) Let T be a linear transformation from a vector space V to another vector space W.
Suppose that the dimensions of V and W are 4 and 6, respectively. If rank(7) = 2, find
nullity(7'), which is the dimension of the null space of 7.
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7. (20%) Let A and B be two n x n matrices, and C = [ é 103 }, where O is the n x n zero

matrix. Choose the true statement(s) from the following.

(a) If both A and B are invertible, then C is also invertible.

(b) If both A and B are diagonalizable, then C is also diagonalizable.

(c) If both A and B are positive-definite, then C is also positive-definite.
(d) The rank of C is the sum of ranks of .4 and B.




