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(Total 100 Points.) There are 6 Problems in this exam. Show intermediate steps and formulas for partial
credit. You must explain how you compute your results or answers for full credit.

1. (20%) Let discrete random variables X and Y have the joint probability distribution as follows:

x y 1 2 3
1 0.2 0.1 0.3
2 0.1 0.2 0.1
(a) (5%) Prove that discrete random variables X and Y represent a valid joint probability distribution
function.

(b) (5%) Find the marginal distribution of X and the marginal distribution of Y.
(¢) (5%) Calculate the conditional probability P(X =1 | Y =2).
(d) (5%) Calculate the conditional probability P(Y=3 | X=2).

2. (10%) In a semiconductor manufacturing process:

(a) (5%) If each individual IC process step has a yield of 99% in a semiconductor plant’s production line,
and it takes 500 steps to complete the entire IC chip, what is the overall yield of the IC chip? What
would the overall yield be if only 300 steps were required in the process, but the yield per step
remained at 99%?

(b) (5%) From Problem 2-(a), how does the yield change if the yield for each individual step in the
process improves from 99% to 99.5% for both scenarios? |

‘3. (20%) The distribution of the heights of adult men in a population is approximately normal, with a mean
of 175 cm and a standard deviation of 8§ cm. A random sample of 50 men is selected.
(a) (5%) What is the expected value of the sample mean height?
(b) (5%) What is the standard error of the sample mean height?
(c) (5%) What is the probability that the sample mean height is greater than 177 cm?
(d) (5%) What is the probability that the sample mean height is between 172 ¢cm and 178 cm?

4. (20%) The following table shows the amount of sugar dissolved in 100 grams of water at different

temperatures:
Temperature (°C) 0 10 20 30 40 50
Dissolved amount (g) 52 61 66 75 79 83

Assume the linear regression equation y = a+fx, where y represents the prediction of dissolved amount of
sugar and x represents the temperature. Please answer the following questions:

(a) (5%) Calculate the estimates of the regression coefficients a and S.

(b) (5%) Estimate the dissolved amount of sugar when the temperature is 25°C.

(¢) (5%) For Problem 4-(b), construct a 95% confidence level prediction interval.

(d) (5%) To test the hypothesis Ho: = 0.5 against H;: f # 0 at the 5% significance level.

5. (10%) A bank is considering purchasing one of two types of electronic calculators available on the market.
The most important selection criterion is the need for fast service. The bank obtained the following random
samples of data. Assume the processing times of the two types of calculators follow a normal distribution.
Estimate the 95% confidence interval for the difference in mean processing times (u1—u2) in seconds ~ -

between the two types of electronic calculators.
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Calculator 1: 15,21, 17, 10, 23, 22, 18, 19, 19, 25, 11, 12
Calculator 2: 17, 22, 25, 18, 27, 30, 21, 16, 13, 19

6. (20%) Consider the data in the following table, which involves a single input factor and a single response
variable with five responses or data. In this case, a first-order model is fitted. The resulting “best fit” line

is =26 + 32 xi.
i (x1)i Yi
1 3 70
2 4 120
3 5 90
4 6 200
5 7 190

(a) (10%) Construct the ANOVA table.
(b) (10%) Interpret the results of the ANOVA table. (ex: Do the terms in the fitted model have a
significant effect on the average response? Or, in other words, the data is all noise.) (The significance
level is set to 0.05)
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