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1.  (30%)
Consider a normally distributed random variable z,:
z, ~ N(0,1).

Denote the density function of z, by f(z,) and the implied probability

measure by P . Define a Radon-Nikodym derivative
n(z,) =exp(z,a —0.5a°).

When we multiply 7(z) by P, we obtain a new probability measure Q.
This can be seen from the following:

£z, = \/;7 exp{—%(z, —-a)z}.

Now assume that the return R, of a stock has the following log-normal

distribution:

I(R,) ~ N(i,6%).
Suppose we let the density of In(R,) be denoted by [ (R,) .

(1) Find a function 7(R ) such that under the probability measure Q, R

has a mean equal to the risk-free rate r.

(2) Find a n7(R ) such that under the probability measure Q, R has a

Imearn ZCro.

(3) Is the variance different under these probabilities (P and Q)?
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2. (10%)

2

Assume that X ~N(u,c’), i=1,...,30, where u is know and o has to

be estimated. Try to find the shortest 98% confidence interval for .
3. (20%)

The independent observations x, and x, are distributed as Poisson random

variables with mean g and g, respectively, where

In 4, =,
In, =a+ g,
with ¢ and £ unknown parameters.
(1) Find the maximum likelihood estimator of « .

(2) Find the maximum likelihood estimator of £ .
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4. (15%)
Continuous random variables X and Y has a joint PDF

m+n+2)! I
( ) (I-x)"y",

f(x,p)=

min!

for 0 < y<x<1, where m, n are given positive integers. Please calculate

y
oy <bin-2)-
. 3 3

5. (10%)

Assume that if the stock price 1s §, at the beginning of the period, it will be

either uxS§, or dx§, atthe end of the period (with risk-neutral probabilities

p and 1- p, respectively), where the multiplicative factors ¥ and d are

constant and known. The value of a European derivatives 1s the discounted
expectation of its value at maturity, discounting at the risk-free rate » under the

risk-neutral probability.

(1) Consider a European put option which value at maturity 1s max{K - 3S,,,0}.

Please find the value of a European put option in a one period model
(N =1).

(2) Find the value of a European put option 1n a general N period model.
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6. (15%)

Grades for a random sample of students who have taken statistics from a certain

professor over the past 25 year were used to estimate the relationship between
y=grade on the final exam and

x=average of home-works (Avg.H.W.)

The regression equation is
Final = 16.6 + 0.784 Avg. HW.

Predictor Coef StDev [
Constant 16.609 4.246 3.91
Avg H. W 0.78357 0.05593 14.01

S =9.801 R-Sq = 52.4% R-Sq(ad)) = 52.2%

Analysis of Variance

Source DF SS MS F
Regression ! 18855 188355 196.29
Residual Error 178 17097 96
Total 179 35952
Fit  StDev Fit 95.0% CI 95.0% Pl
75377 0.731  ( 73.935, 76.818) ( 55982, 94.771)

(1)  The results for a test of Hy:3; = 0 versus H,:[3; # 0 show that
A. The null hypothesis can be rejected because £=196.29 and
p-value=0.000
B. The null hypothesis can be rejected because r=14.01 and p-value=0.000
C. The null hypothesis can be rejected because F=196.29 and p-value=0.01
D). The null hypothesis can be rejected because =14.01 and p-value=0.01
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(2)  What is the best Way to determine whether or not there is a statistically
significant linear relationship between two quantitative variables?
A. Compute a regression line from a sample and see 1f the sample slope 1s O.

B. Compute the correlation coefficient and see if it 1s greater than 0.5 or less

than —0.5.
C. Conduct a test of the null hypothesis that the population slope is 0.

D. Conduct a test of the null hypothesis that the population intercept 1s 0.

(3)  Aregression line 1s used for all of the following EXCEPT one. Which one is

not a valid use of a regression line?

A. to estimate the average value of y at a specified value of x.

B. to predict the value of y for an individual, given that individual's x-value.
C. to estimate the change in y for a one-unit change in x.
D.

to determine 1f a change 1n x causes a change in y.

(4)  Consider the following plot of residuals versus x for a regression analysis.
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Which statement 1s NO'T true about the regression model?
A. The sum of the residuals = 0.
The independent variable ranges from 1 to 25.

The restdual plot may shows a nonrandom pattern of residuals.

o 0w

The residual plot shows a random pattern of residuals.
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(5)  Consider the following plot of residuals versus x for a regression analysis.
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Based on the plot, what problem with the regression model or data is most
noticeable?

A. The varnances are not constant.

B. The mean of Y is not a linear function of X.
C. The variance of Y 1s not constant at each X.
D.

There 1s an outhier 1n the data.
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Table 1
Cumulative Distribution Function of the Standard Normal Distribution
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‘Table 2
Quantiles of the Standard Normal Distribution {u = value of Z such that Pr{| Z |> u) = a)
A
a a
2 2
|
~ o0 —-u 0 +u +
x 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 00 55758 | 2.3263 | 2.1701 | 2.0537 | 1.9600 | 1.880% 1.8119 | 1.7507 | 1.6954
0.1 | 1.6449 | 1.5982 | 1.5548 | 1.5141 | 14758 | 1.4395 1.4051 | 1.3722 | 1.3408 | 1.3106
02 | 1.2816 | 1.2536 | 1.2566 { 1.2004 | 1.1750 | 1.1503 1.1264 | 1.1031 | 1.0803 | 1.0583
03 | 1.0364 | 1.0152 | 0.9945 | 0.9741 | 0.9542 | 0.9346 0.9154 | 0.8965 | 0.8779 | 0.8596
04 | 0.8416 | 0.8239 | 0.7892 | 0.8064 | 0.7722 | 0.7554 0.7388 | 0.7255 | 0.7063 0.690;
05 | 0.6745 | 0.6588 | 0.6433 | 0.6280 | 0.6128 | 0.5978 0.5828 | 0.5681 | 0.5534 [LSBE;g
06 | 0.5244 | 0.5101 | 0.4959 | 0.4817 | 0.4677 | 0.4538 0.4399 | 0.4261 | 0.4125 0.3963
0.7 | 0.3853 { 0.3719 | 0.3585 | 0.3451 | 0.3319 | 0.3186 0.3000 | 0.2924 | 0.2793 {].2683
08 1 0.2533 | 0.2404 | 0.2275 | 0.2147 | 0.2019 | 0.1819 0.1764 | 0.1637 | 0.1510 0.3]::25
0.9 | 0.1257 | 0.1130 | 0.1004 | 0.0878 | 0.0753 | 0.0627 0.0502 | 0.0376 | 0.0251 | 0.
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