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There are 50 multiple-choice questions included in this test. Each of
them has only one best answer and a weight of 2 points.

1. If supply is elastic in the current price range, an increase in price would
A.  increase the total revenue of producer sellers.
B.  decrease the total revenue of producer sellers.
C. not affect the total revenue of producer sellers..
D. beinsufficient information to tell what happens to total revenue .

2. Dick owns a dog whose barking annoys Dick’s neighbor Jane. Suppose that
the benefit of owning the dog is worth $500 to Dick and that Jane bears a cost
of $700 from the barking. A possible private solution to this problem is that

Jane pays Dick $450 to get rid of the dog.

Dick pays Jane $650 for her inconvenience,

Jane pays Dick 3650 to get rid of the dog.

There is no private solution that would improve this situation.

SoRr»>

3. Suppose that the government imposes a tax of 10% on the first $40,000 of
income and 20% on all income above $40,000. What is the tax liability and
the marginal tax rate for a person whose income is $50,0007

Both are 12% and 12% i

12% and $50,000 respectively -

$6,000 and 12% respectively

$6,000 and 20% respectively

o oW

4, Aperfectively competitive firm is able to sell its product for $5 and realizes an
average total cost of $5. Its marginal cost curve crosses the average total cost
curve at an output level of 10 units, What is the profit earned by the firm at its
current level of output?

A, 80

B. -$50

C. $100

D. None of the above
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5. In a perfectly competitive market, a decrease in demand will
A. have no effect on prices
B. cause quantity supplied to go down before returning to the original level
of output.
C. cause prices to go down before returning to their original level.
D. have no effect on total market output.

6. If wages rise, profit maximizing firms in competitive markets will
employment and marginal product of labor will
A. Increase, rise
B. decrease, rise
C. increase, fall
D. decrease, fall

7. At the current price ratio, a consumer chooses to consume Y, units of
commodity “Y” and X, units of commodity “X”. If commodity Yisa
normgl good for this consumer, a rise in consumer income will necessarily
precipitate ’

A. anincrease in the consumption of X.
B. adecrease in the consumption of Y.
C. anincrease in the consumption of Y.
D. adecrease in the consumption of X.

8. You are given the following information with respect to a firm’s output
position: marginal product of factor A=4; marginal product of factor B=2;

price of A=88; price of B=$4. Assume that the firm is at its maximum-profit
output. Then marginal revenue must be:

A.  50cents.

B. $1.

C. $2.

D:.  zero. ' '

\

sl
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Firm B
I v -
I |Cella $60 | Cellb $50-
Firm A '$25 $15 . «
Il |Cellc $40 | Celid -$10
$10 $20
Figure A

9. Figure A above shows a payoff table for firm A and firm B. In Cell a, firm A
obtains $25 and {irm B obtains $60. Which strategy is a dominant strategy for
firm B? '

A.  Strategy III.

B. Strategy [V. ' :

C. Both strategy III and strategy IV are dominant strategies to firm B.
D. None of the strategies available to firm B is a dominant strategy.

10. As shown in Figure A above, which cell is a Nash equilibrium?
A.  Cella,

B. Cellb.
C. Celle. N
D. Celld.

11.  Your budget constraint for the two goods A and B is 30A+5B=1, where [ is
your income. You are currently consuming more than 72 units of B. In order
to get 4 more units of A, how many units of B would you have to give up?

A, 017

B. 0.04

C. 6

D. 24

12. Hartman’s utility function is U(x,,x,)=x,x,. His income is $100. The price
of good 2is p, =4.Good 1 is priced as follows: The first 15 units cost $4
per unif and any additional units cost $2 per unit. What consumption bundle
does Hartman choose?

A, (12.5,12.5)
B. (25,12.5)
C. (125,25
D. (1510)
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13, Miss Chen insists on consuming 2 units of good A per unit of good B. If the
price of good A is $6 and the price of good B is $3, then if Miss Chen’s
income is $M, her demand for good B will be: -

A, M3,
B. 6M/3.
C. 3M
D. M/15.

14,  Charlie’s utility functionis x,x,. The price of good A used to be $1, the price
of good B used to be $2, and his income used to be $40. If the price of good A
increased to $7 and the price of good B-stayed constant, the substitution effect
on Charlie’s good A consumption reduces his consumption by:
17.14 units of good A.
6 units of good A.
8.57 units of good A.
13.57 units of good A.

Sawp»

-

15. 'Wang has quasilinear preference and his demand function for x is
D(p)=15— p/3. The price of x is initially $15 per unit and increases to $24

per unit, Wang’s change leads to a consumer surplus whose value is the

closest to:
A, -168. :
B. -76.
C. -27.
D. 75.

16. Harry’s demand function for blueberries is x =20-2p, where p is the price
and x isthe quantity demanded. If the price of blueberries is $3, then what
is Harry’s price elasticity of demand for blueberries?

A, -6/14
B. -2/20
C. -2

D. -14/6
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! 17. The demand function for corn is g =200- p and the supply function is

i g=50+0.5p. The government sets the price of corn at'$150 and agrees to
purchase and destroy any excess supply of corn at that price. How much -
money does it cost the government to buy this corn?

A 11,250

B. 18,750

C. 7,500

D. 10,750 1.

18. The demand curve forrutabagas is a straight line with slope -5 and the supply
curve is a straight line with slope 5. Suppose that a new tax of $3 per unit of
rutabagas is introduced. Which of the following must certainly be true of the
change in equilibrium prices and/or quantities?

A.  The total number of rutabagas purchased increases.

B. The price paid by demanders rises by same amount as the price received by
suppliers falls.

C. The price received by suppliers falls by more than the price paid by
demanders rises.

: D. The price paid by demanders rises by more than the price received by

1 suppliers falls.

19. The production function is given by f(L)=6I*, where L is labor.
Suppose that the cost per unit of labor is $16 and the price of output is $12.
How many units of labor will the firm hire in order to maximize its profit?

” A 54
B. 27
C. 135
D. 81

20. A competitive firm has a long run total cost function C(y)=2y*+162 for
y>0and C(0) =0. Its long run supply function is described as follows:
y=pl4 if p>36; y=0 if p<36.
y=pl2 il p>34; y=0 if p<34.
y=pl2 if p>39; y=0 if p<42.
y=pld if p>39;, y=0 if p<39.

U owr
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21. A firm has the shorl run total cost function C(y)=16y* +144 ., At what
quantity of output is short run average cost minimized? ‘

A 3 _ u . .
B. 4 L )

C. 9

D. 133

22. Consider a competitive industry with several firms all of which have the same
cost function, C(y)=3y*+4 for y>0andC(0)=0.The demand curve for
this industry is D(p)=50- p, where p is the price. The long run

equilibrium number of firms in this industry is:

A 4 | -
B. 23.
C. 25 .
D. 46.

23. A monopolist has the ‘Egtal cost function, C(q) =1400+10¢ and the inverse 1
demand function is p =130-5¢, where prices and costs are measured in )
dollars. If the firm is required by law to meet demand at a price equal to its
marginal cost, then

A.  the firm’s profit will be zero.

B. the firm will loses $700.

C. - the firm will make positive profit, but not as much profit as it would make
if it were allowed to choose its own price.

D. the firm will lose $1400.

24, Anindustry has two firms, The inverse demand function for this industry is
p=190-6¢g . Both firms produce at a constant unit cost of $28 per unit. What

is Cournot equilibrium price for this industry?

A. 28 .
B. 3l )

C. 82

D. 41
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25. Two stores are located side by side. They attract customers to each other and
to themselves by advertising. The profit functions of the two stores are
120+ x,)x, —2x] forstore 1 and (150+x,)x, ~2x2 for store 2, where x,
and x, are total ‘advertising expenditures by stores 1 and 2 respectively. If

each store sets its advertising expenditures independently (as in Nash
equilibrium), how much would store 1 spend on advertising?

0w

42
44
39
47

26. With a Cobb-Douglas production function, the share of output going to labor:

0w >

decreases as the amount of labor increases.
increases as the amount of labor increases.
increases as the amount of capital increases.
is independent of the amount of labor,

27. If the real return on government bonds is 3 percent and the expected rate of
inflation is 4 percent, then the cost of holding money is percent.

S aowp

1

~1 £ W

28. An effective policy to reduce a trade deficit in a small open economy would be

to:

oW

increase tariffs on imports.

impose stricter quotas on imported goods.
increase government spending.

increase taxes.

29. If the purchasing-power parity theory is true, then:

Uow»

the net exports schedule is very steep. -

all changes in the real exchange rate result from changes in price levels.

all changes in the nominal exchange rate result from changes in price levels.
changes in saving or investment influence only the real exchange rate.
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30. Assume that some large foreign countries decide to subsidize investment by
instituting an investment tax credit. = Assuming that the home countryisa
small open economy, then the home country’s real exchange rate: -

gaowp

will fall(i.e. depreciate) and its net exports will rise.
will rise(i.e. appreciate) and its net exports will fall.
will fall(i.e. depreciate) and its net exports will fall.
will rise(i.e. appreciate) and its net exports will rise.

31. If adollar bought 1,000 lire ten years ago and 1,500 lire now, and inflation for
that period was 25 percent in the United States and 100 percent in Italy, then:

A,
B.

C.

D.

the purchasing-power parity theory is correct.

for American residents, traveling in Italy today costs about the same as it
did ten years ago.

for American residents, traveling in Italy is chéaper now than it was ten
years ago.

for American residents, traveling in Italy is more expensive now than it was
fen years ago.

32. If the fraction of employed workers who lose their jobs each month (the rate of

Jjob separation) is 0.01 and the fraction of the unemployed who find a job each

month (the rate of job findings) is 0.09, then the natural rate of unemployment

is:

oowp

1 percent.

9 percent.

10 percent,
about 11 perceﬁt.

33. Sectoral shifts:

Dowp

lead to wage rigidity.

explain the payment of efficiency wages.
depend on the level of the minimum wage.
make frictional employment inevitable.
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34. Government policies directed at reducing frictional unemployment include:
abolishing minimum-wage laws,

making unemployment ‘insurance 100-percent experience rated.
increasing the earned income credit.

Dowp

making government part of the union-form wage bargaining process.

i
35. If the per-worker production function is given by y =42, there is no

population growth or technological progress, the saving ratio is 0.2, and the
capital depreciation rate is 0.1, then the steady-state level of output per worker

(y)is:
A1
B. 2
C. 3
D. 4

36. Assume that two countries both have the per-worker production
1
function y = &2, neither has population growth or technological progress,
depreciation is 5 percent of capital in both countries, and country A saves 10
percent of output whereas country B saves 20 percent. If A starts out with a
capital-labor ratio of 4 and B starts out with a capital-labor ratio of 2, in the

long run;
A. both A and B will have capital-labor ratios of 4.
B. both A and B will have capital-labor ratios of 16.
C. A’s capital-labor ratio will be 4 whereas B’s will be 16.
D. A’s capital-labor ratio will be 16 whereas B’s will be 4.

37. If alarger share of national output is devoted to investment, then living

standards will:
A. always decline in the short run but rise in the long run.
B. always rise in both the short and long runs.
C. decline in the short run and may not rise in the long run.
D. rise in the short run but may not rise in the long run.
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38. If all wage income is consumed,; all capital income is saved, and all factors of
production earn their marginal products then:

A. the economy will reach a steady state level of capital stock below the
Golden Rule level.

B. the economy will reach a steady-state level of capital stock above the
Golden Rule level.

C. wherever the economy starts out, it will not grow.

D. wherever the economy starts out, it will reach a steady-state level of capital
stock equal to the Golden Rule level.

39. If the economy moves from a steady state with positive population growth to a
zero population growth rate, then in the new steady state total output growth
will be and growth of output per person will be

lower; lower ' ‘

lower; the same as it was before

higher; higher than it was before

higher; lower

S0 wp>

40. Ina Solow Model with"technc‘)logical change, if population grows ata 2
percent rate and the efficiency of labor grows at a 3 percent rate, then in the

sieady state output per worker grows at a percent rate.
A, 0O
B. 2
C. 3
D. 5

41. In a steady state with population growth and technological progress:
the capital share of income increases.

>

B. the labor share of income increases.

0

in some cases the capital share of income increases and sometimes the labor
share increases.

D. the capital and labor shares of income are constant.
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42. Ifthe central bank reduces the money supply. by .5 percent and the quantity
theory of money is trué, then: ) .
A. every point on the aggregate demand curve moves 5 percent to the left.
B. every point on the aggregate demand curve moves up 5 percent.
" C. the aggregate demand curve moves down and to the left, but it is impossible
to determine exactly by how much.
D. the aggregate demand curve moves up and to the right, but it is impossible
to determine exactly by how much.

43. If central bank A cares only about keeping the price level stable and central
bank B cares only about keeping output at its natural level, then in response to
an exogenous decrease in the velocity of money:

A. both central bank A and central bank B should increase the quantity of
money. .

B. central bank A should increase the quantity of money whereas central bank
B should keep it stable.

C. central bank A should keep the quantity of money stable whereas central
bank B should increase it. '

D. both central bank A and central bank B should keep the quantlty of money
stable.

44, Inthe Keynesian-cross analysis, assume that the anaiysis of taxes is changed so
that taxes, T, are made a function of income, asin T'=7T+¢Y,where T' and
¢ are parameters of the tax code and ¢ is positive but lessthan 1.  As
compared to a case where f is zero, the multiplier for government purchases
in this case will: 1

A. not change,
B. be smaller.
C. be bigger.

D. beequalto 1.
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45. If marginal propensity to consume MPC = 0.75 (and there are no income taxes

but only lump-sum taxes) when T decreases by 100, then the IS curve for any

given interest rate shifts to the right by:

A,
B.
C.
D.

100
200
300 '
400

46. If money demand does not depend on the interest rate, then the LM cuirve is

and ‘policy has no effect on output.

oaow s

horizontal; fiscal
vertical; fiscal
horizontal; monetary
vertical; monetary

47. According to the IS-LM model, when the government increases taxes and

government purchases by equal amounts:

oowr

income, the interest rate, consumption, and investment are unchanged.
income and the interest rate rise, Whereas consumption and investment fall.
income and the interest rate fall, whereas consumption and interest rise.
income, the interest rate, f:onsumption, and investment all rise.

48. A fall in consumer confidence about the future, which induces con:sumers to

spend less and save more, will, according to the Mundell-Fleming model with

floating exchange rates, lead to:

0o >

a fall in consumption and income.

no change in consumption or income,

no change in income but a rise in net exports.
no change in income or net exports,

49. In the Mundell-Fleming model with a floating exchange rate in a small open

economy, a rise in'the world interest rate will lead income:

A. and net exports both to falt,

B.
C.
D.

to rise and net exports to fall.
to fall and net exports to rise.
and net exports both to rise. .
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50. In a small open economy with a fixed exchange rate, if the government
imposes an import quota, then net exports:

decrease but the money supply falls and income falls.

increase, the money supply increases, and income increases.

are unchanged but the money supply falls and income falls.

are unchanged, the money supply is unchanged, and income is unchanged.

gow >
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In this test, there are 25 multfplé choice questions with 4 points for each question. Please
select the correct answer for each question,

1. Flip a fair coin.in a sequence of independent trials. What is the probability that the first
“head” is observed on the fifih trial, given that “tails” are observed on each of the first
three trials?

(A)0.15 (B)0.25 (©)0.35 (D) 0.45 (E) 0.55

2. What is the probability that a person tossing three fair coins will get either all “heads” or
all “tails” for the second time on the fifth toss?-
(A)0.1055 (B)0.2245 (C)0.3625 (D)0.4195 (E)0.5

3. Suppose that four inspectors at a film factory are supposed to stamp the expiration date on
each package of film at the end of the assembly line. John, who stamps 20% of the
packages, fails to stamp the expiration date once in every 200 packages; Tom, who stamps
60% of the packages, fails to stamp the expiration date once in every 100 packages; Jeff,
who stamps 15% of the packages, fails to stamp the expiration date once in every 90
packages; and Pat, who stamps 5% of the packages, fails to stamp the expiration date once
in every 200 packages. If & customer complains that her package of film does not show
the expiration date, what is the probability that it was inspecte& by John?

(A) 0.0899 (B)0.0945 (C)0.0998 (D)0.1033 (E)0.1124

4. In a daily production of a certain kind of rope, the number of defects per foot, denoted by
Y, is assumed to have a Poisson distribution with mean 2. The profit per foot when the
rope is sold is given by X, where X =50-2¥ —Y?. What is the expected profit per foot?
(A)30 (B) 32 (© 35 (D) 38 (E) 40

5. Alot containing seven components is sampled by a quality inspector; the lot contains 4
good components and 3 defective components. A sample of size 3 is taken by the inspector.
What is the expected value of the number of good components in this sample?

(A) 1.5 B) 1.6 (©)1.7 (D) 1.8 (E) 1.9

6. Let Xbe a random variable with the following probability distribution:
x | -3 6 - 9
fo | 16 1/2 13

What is the standard deviation of the random variable ¥ = (2.X +1)??
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10.

11.

(A) 111.1 B)113.6 (C)1153 - (D)1189  (E)120:8

A safety engineer claims that onty 40% of all workers wear safety helmets when they eat
lunch at the workplace, Assuming that his claim is right, what is the probability that 4 of 6
workers randomly chosen will be wearing their helmets while having lunch at the
workplace? :

(A)0.1382  (B)0.1513 (C)0.1728 (D)0.1998  (E)0.2156 °

Roll a fair four-faced die twice. (Note that the numbers on the four faces of the die are
respectively 1, 2, 3 and 4.) Let X denote the outcome on the first roll, and let ¥ be the sum
of two rolls. What is the covariance of X and ¥ ?

(A)0.5 (B)0.75 ©)1 (D)1.25 (B)1.5

At busy time, a telephone exchange is very near capacity, so people cannot find a line to
use. It may be of interest to know the number of attempts necessary in order to gain a
connection. Suppose that the probability of a connection during busy time is 0,05. What is
the probability that five attempts are necessary for a successful call?

(A) 0.037 (B) 0.041 (C) 0.045 (D) 0.05 (E) 0.054

Gauges are used to reject all components in which a certain dimension is not within the
specification 1.5%d . It is known that this measurement is normally distributed with
mean 1.5 and standard deviation 0.2. What is the value of d such that the specifications
cover 95% of the measurements?

(A)0.333 (B) 0.367 (C)0.392 (D) 0.418 (E) 0.45

In a mathematics examination the average grade was 82 and the standard deviation was 5.
All students with grades from 88 to 94 received a grade of B. If the grades are
approximately normally distributed and 8 students received a B grade, how many students
took the examination? '

(A) 62 (B) 65 (C) 68 (D) 70 ®) 72

. An electrical firm manufactures light bulbs that have a length of life that is approximately

normally distributed, with mean equal to 800 hours and a standard deviation of 40 hours.
What is the probability that a random sample of 16 bulbs will have an average life of less
than 775 hours? ’

(A) 0.0058 (B)0.0062 (C)0.0065 (D)0.0068 (E)0.0072
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13. The distribution of heights of a certain breed of terrier dogs has a mean height of 72
centimeters and a standard deviation of 10 centimeters, whereas the distribution of heights
of a certain breed of poodleL has a mean height of 28 centimeters and a standard deviation
of 5 centimeters. Assuming that the sample means can be measured to any degree of
accuracy, what is the probability that the sample mean for a random sample of heights of
64 terriers exceeds the sample mean for a random sample of heights of 100 poodles by at
most 44.2 centimeters? )

(A) 0.2231 (B)03379 .(C)04435 (D)0.5596 (E)0.6628

14, The manager of a grocery store has taken a random sample of 100 customers. The
average length of time it took the customers in the sample to check out was 3.1 minutes
with a standard deviation of 0.5 minutes. We want to test to determine whether or not the
mean waiting time of all customers is significantly more than 3 minutes. The p-value of
the test is .

(A) 0.0228 (B) 0.0489 (C) 0.05 (D) .4972 (E)0.12

15. The following information was obtained from matched samples. The daily production
rates for a sample of workers before and after a training program are shown below.

Worker Before After
1 20 24
2 25 . 23
3 27 27
4 i 23 20
5 22 25
6 20 22
7 17 18

The alternative hypothesis to be tested is Ha: Maner— fLbefore > 0. The test statistic is

(A)0. (B)0.68 (0)0.74 (D) 2.56 (E) 1.96

16. Suppose a department store wishes to estimate the average age of the customers of its
contemporary apparel department, correct to within 3 years with probability equal to .90.
Approximately how large a sample would be required if the estimated standard deviation
of the customers’ age is 8 years?

(A)9 B) 77 (O) 110 (D) 20 (E) 30
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17. Suppose your firm has been experimenting with two different physical arrangements of its
assembly line. It has been determined that both arrangements yield approximately the
same average number of finished units per day. To obtain greater process control, you
suggest that the arrangement with the smaller variance in the number of finished units per
day can be permanently adopted. Two independent random samples yield the results

shown below.
Assembly Line 1 Assembly Line 2
Sample mean =85 Sample mean =87

Sample variance==1200  Sample variance-=3500
Sample size=21 days Sample size=21 days

What is the value of the test statistic for determining whether two assembly lines differ in
the variation of the number of units produced per day?

(A) 0.13 B) 1.71 €) 2 292  (B)7.434

18. Consider the random variable X with density given by
P(x)= -el—zxe"’ ?,x0, 650
Find the maximum likelihood estimator for # based on a random sample of size ».

Wr ®I2 ©25x0 3y ®F

i=l

Use the following problem to answer questions 19-20.
Based on a sample of the salaries of professors at a major university, you have performed a
multiple linear regression model is
Salary=2$45000- $3000(Years) -+- $4000(Gender) -+ $1000[(Year){(Gender)]
where Gender=1 if the professor is male and Gender=0 if the professor is female.

19, Using the multiple regression equation, you would estimate the average difference in the
salaries of a male professor with three years of service and female professor with three
years of service to be

{(A) $45000 (B) $3000 (C) $4000
(D) $5000 (E) $7000. .
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20. Using the multiple regression equation, you would estimate the average salary of male
professors with 4 years of experience to be
(A) $16000 © (B) $57000 (C) $61000 -
(D)$65000 ' (E)$7000.

Use the following problem to answer questions 21-22.

In the past, 35% of the students at a University were in the Business College, 5% of the
students were in the Liberal Arts College, and 30% of the students were in the Education
College. To see whether or not the proportions have changed, a sample of 300 students was
taken, Ninety of the sample students are in the Business College, 120 are in the Liberal Arts
College, and 90 are in the Education College.

21. This problem is an example of a
{(A) Normally distributed variable
(B) Test for independence
(C) Multinomial population
(D) Poisson distributed variable
(E) Binomial variable

22. At a=.05, which of the following statements is correct?
(A). Proportions have changed significantly
(B). Proportions have not changed significantly
(C). The critical value is 7.37776.
(D). The degree of freedom of the test statistic is 3.
(E). None of above is correct.

Use the following problem to answer questions 23-25,

A marketing researcher was studying the effect of a supermarket display on sales of a new
product. There are two designs for the display: the first had greater visual appeal, and the
second contained more factual information about the product. Each type of display could be
made in three sizes, small, medium, or large. Eighteen supermarkets were available for the
study, and three supermarkets were selected at random for each combination of display and
size. The number of units of the product sold over a two week period was record for each
supermarket. A partial result of ANOVA table is given below.
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Source DF ' SS MS F P

Design ‘ . : 0613 =
Size ‘ ' 7256 )
DesignxSize 41707

Error 12262

Total ‘ 206664

23. The degrees of freedom for error are

A1l- - ®2 . Q6. o Dyiz . (E‘)17

24, What is the value of the mean square of the main effect for Design?
(A) 2085 (B) 3301 (C) 41707 (D) 12262 (E) 206664

25. The numerical value of the F statistic for testing interaction is
- (A)0.17 (B) 0.26 “({C)0.59. ®) 3.40 (E)202.33
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TABLE 1l - -
Areas under the Second decimal place in z
sandard nomal curve 500 008 007 006 005 004 003 002 00! 000 z
0.0000! | —3.9
0.0001 00001 00001 00001 00001 0.000! 00001 00001 00001 00001 | —3.8
0.0001 00001 0.0001 0.0001 00001 00001 0.0001 00001 00001 0.0001 | —3.7
z 0 0.0001 00001 00001 0.0001 00001 0.0001 0.0001 00001 0.0002 00002 | —3.6
0.0002 0,0002 0.0002 0.0002 00002 00002 0.0002 0.0002 00002 00002 | —3.5
0.0002 00003 0,0003 00003 0.0003 0.0003 00003 0.0003 0.0003 00003 | —-3.4
00003 00004 00004 0.0004 0.0004 0.0004 00004 00005 0.0005 0.0005 | —3.3
0.0005 00005 0.0005 0.0006 0.0006 00006 0.0006 0.0006.0.0007 0.0007 | —3.2
0.0007 0.0007 0.0008 0.0008 00008 00008 0.0009 0.0009 06.0009 0.0010 | —3.I
0.0010 00010 0.00f1 00011 00011 00012 0.0012 0.0013 06,0013 00013 | -3.0
0.0014 00014 00015 0.0015 00016 00016 0.0017 00018 00018 0001 | —2.9
0.0019 00020 00021 0.0020 00022 00023 0.0023 00024 00025 00026 | —2.8
0.0026 0.0027 0.0028 00029 0.0030 00031 00032 00033 0.0034 00035 | —2.7
0.0036 00037 0.0038 00039 0.0040 0.0041 0.0043 00044 0.0045 0.0047 | —2.6
0.0048 00049 00051 0.0052 0.0054 0.0055 0.0057 0.0059 0.0060 0.0062 | —-2.5
0.0064 0.0066 0.0068 0.0059 0.0071 0.0073 00075 00078 0.0030 00082 | -2.4
0.0084 00087 0.0089 00091 0.0094 0.0096 0.0099 00102 0.0104 00107 | -2.3
0.0110 00113 00116 00119 00122 0.0125 0.0129 0.0132 0.0136 00139 | -2.2
0.0143 0.0146 00150 00154 0.0158 00162 0.0166 00170 0.0174 00179 | ~2.7
0.0183 00188 00192 00197 00202 0.0207 00212 00217 00222 00228 | -20
0.0233 0.0239 0.0244 00250 0.0256 00262 0.0268 0.0274 0.0281 0.0287 | —1.9
00204 0030! 00307 0.0314 00322 00329 0.0336 00344 00351 00350 | —18
0.0367 00375 00384 00392 0.0401 00400 0.0418 00427 0.0436 0.0446 | —L7
0.0455 0.0465 0.0475 0.485 0.0495 0.0505 00516 0.0526 0.0537 00548 | —1.6
0.0559 0.0571 00582 00594 0.0606 0.0618 0.0630 0.0643 0.0655 00668 | —L5
0.0681 00694 0.0708 0.0721 0.0735 00749 0.0764 0.0778 0.0793 00808 | —14
0.0823 0.0838 00853 00869 0.0885 0.0901 0.0918 0.0934 00951 00968 | —L13
0.0985 0.1003 0.1020 0,1038 0.1056 0.1075 0.1093 0.1112 0.1131 0.115t | —1.2
0.1170 0.1190 0.1210 0.1230 0.1251 0.1271 0.1292 0.1314 0,1335 0.1357 | —LI
0.1379 0.1401 01423 0.1446 0.1460 0.1492 0.1515 0.1539 0.1562 01587 | —1.0
0.1611 0.1635 0.1660 0.1685 0.1711 0.1736 0.1762 0.1788 0.1814 01841 | —09
0.1867 0.1894 0.1922 01949 0.1977 02005 02033 02061 02090 02115 | —0.8
02148 02177 02206 02236 02266 02206 02327 02358 02389 02420 | —0.7
02451 02483 02514 02546 02578 02611 02643 02676 02709 02743 | —06
02776 02810 02843 02877 02912 02946 0.2981 03015 03050 03085 | —0.5
03121 03156 03192 03228 03264 03300 03336 03372 03409 03446 | —0.4
03483 03520 03557 03594 03632 03669 03707 03745 03783 03821 | -0.3
0.3859 03897 03936 03974 04013 04052 04090 04129 04168 04207 | —0.2
0.4247 04286 04325 04364 04404 04443 04483 04522 04562 04602 | —0.7
04641 04681 04721 04761 04301 04840 04880 0.4920 04960 0.5000 | —0.0

1 For z < —13.90, the areas are 0.0000 to four decimal places.
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TABLE TV
Values of tq df toae  toos foo2s to.om t0.008 df
I 3078 6314 12706 31821  63.657 1
2 1886 2920 4303 6965 9925 2
a 3 1.638 2353 3182 4541 5841 3
— 4 1533 2132 2776 3T A6 4
5 1476 2015 2571 3365 4032 5
6 1440 1943 2447 3143 3707 6
7 1415 1895 2365 2998  3.499 7
8 1397 1860 2306 2896 3355 8
9 1383 1833 2262 2821 3250 9
10 1372 1812 2228 2764 3,169 io
H L1363 179 2200 2718 3,106 11
12 1356 1782 2179 2681 3055 2
i3 1350 L7710 2160 2650 .3.012 i3
M 1345 1761 2145 2624 2977 14
IS 1341 1753 2131 2602 2947 is
6 1337 1746 2120 2583 2921 6
17 1333 1740 2110 2567  2.898 17
18 1330 1734 2101 2552 2878 18
19 1328 L7299 2093 2539 2861 19
: 20 1325 1725 2086 2528 . 2.845 20
21 1323 L72t 2080 2518  2.831 21
2 1321 L717 2074 2508 2819 22
23 1319 1714 2069 2500  2.807 23
24 1318 L7111 2064 2492 2797 24
25 1316 17708 2060 2485 2787 25
26 1315 1,706 2056 2479 2779 26
27 1314 1,703 2052 2473 2711 27
28 1313 1701 2048 2467 2763 28
29 1311 L699 2045 2462 2756 29
30 1310 L6977 2042 2457 2750 30
31 1309 1696 2,040 2453 2744 31
32 1309 1694 2037 2449 2738 32
33 1308 1692 2035 2445 2733 33
34 1307 1691 2032 2441 2728 34
s 1306 1690 2030 2438 274 35 .
36 1306 1688 2028 2434 2719 36
37 1305 1687 2026 2431 2715 37
38 L304 1686 2024 2429 2712 338
39 1304 1685 2023 2426 2,708 39
40 1303 1684 2021 2423 2704 40
41 1303 1683 2020 2421 2701 41
Fy) 1302 1682 2018 2418 2698 42
43 1302 1681 2017 2416  2.605 43
44 1301 1680 2015 2414 2,692 44
45 1301 1679 2014 2412 2690 45
46 1300 1679 2013 2410 2687 46
47 | 1300 1678 2012 2408  2.685 47
48 1299 1677 2011 2407 2682 48
49 1209 1677 2010 2405 2680 49

- — e B A e v o e e——
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TABLE VII
Values of x2 df Xa99s Xd9 Xdors Xéss Xaso
1 0000 0000 0001 0004 0016
2 0010 0020 0051 0103 0211
. 3 0072 0115 0216 0352 0584
_ 4 0207 0297 0484 0711 1064
x? 5 0412 0554 0831 1L145 1610
6 0676 0872 1237 1635 2204
7 0989 1239 1690 2167 2833
8 1344 1646 2180 2733 3490
9 1735 2088 2700 3325  4.168
10 2156 2558 3247 3940  4.865
1 | 2603 3053 3816 4575 5578
12 3074 3571 4404 5226 6304
13 3565 4107 5009 5892  7.042
4 4075 4660 5629 6571 7790
15 4601 5220 6262 7261  8.547
16 5142 5812 69508 7962 9312
17 5697 6408 . 7564 8672 10,085
18 6265 7.015 8231 9390 10865
19 6.844  7.633 8507 10117 11,651
+ 20 7434  B260 9591 10851 12443
21 8034  8.897 10283 11591 13240
22 8643 9542 10982 12338 14041
23 9260 10196 11689 13.091 14.848
4 0886 10.856 12401 13848 15659
25 10520 11524 13120 14611 16473
26 11.160 12198 13344 15379 17292
.27 11.808 12879 14573 16151 18.114
28 12461 13.565 15308 16928  18.939
29 13.121 14256 16047 17708  19.768
30 13,787 14953 16791 18493 20599
40 20707 22,164 24433 26509  29.051
“50 27991 29707 32357 34764  37.689
60 35534 37485 40482 43.188  46.459
70 432715 45442 48758 51739 55329
80 51172 53540 57.153 60391 64.278
90 50.196 61754 65647 69126 73.291
100 67328 70065 74222 71930 82358
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TABLE VIl (cont) 5 7 . P . -
Values of x2 Xo.a0 Xo.05 Xoos Xom X0.005 df
2,706 3.841 5.024 6.635° 7.879 1
4,605 5991 7.378 9210 10.597 2
6.251 7.815 9.348 11,345 12,838 3
1.77% 9.488 1143, 13277 14.860 4
9.236 11,070 12,833 15.086 16.750 5
10.645 12,592 14.44% 16.812 18.548 6
12,017 14.067 16,013 18.475 20.278 7
13.362 15.507 17.535 20,050 21.955 8
14.684 16519 15.023 21.666 23.589 9
15.987 18307~ 20.483 23.205 25188 10
17.275 19.675 21,920 24,725 26.757 11
. 18.549 21,026 23.337 26.217 28.300 12
19.812 22362 24.7136 27.688 25.819 13
21.064 23.685 26.119 20.141 31.319 14
22.307 24.996 27.488 30.578 32.801 15
23.542 26.296 28.845 32.000 34.267 16
24.769 27.587 30.151 33.409 35.718 17
25.989 28.869 31,526 34.805 37.156 18
. 27.204 30.143 32.852 36.191 38.582 19
. N 28.412 31.410 34.170 37.566 39.997 20
h 29.615 32671 35479 38.932 41.401 21
. 30.813 33924 36.781 40.290 42796 22
32.007 35.172 38.076 41,638 44.181 23
33.196 36.415 39.364 42.980 45,559 24 :

34382 37.653 40,647 44314 46.928 25
35.563 38.885 41.923 45,642 48.290 26
36.741 40.113 43,195 46,963 49,645 27
37.916 41337 44.461 48.278 50.994 28
39.087 42,557 ' 45722 49.588 52,336 29
40.256 43,773 46.979 50.892 53.672 30
51.805 55.75% 59.342 63.691 66.767 40
63.167 67.505 71.420 76.154 79.450 50
74397 79.082 83.298 88.381 91.955 60
85.527 90,531 95023 100424 104213 70
~ 96.578 101.879 106,628 112.328 116320 80
107.565 113.145  118.135  124.115  12B.296 90
118499 124343 129563 135811  140.177 100
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(You need to define and explain your notations clearly. Points are granted only
if detail computations are presented.)

A company produces products 1,2 and 3 on a machine. The unit profits for prodicts
1, 2 and 3 are $3.5, $2 and $4, respectively. It takes #; units of time to produce
product i on the machine, where ¢; = 2.5, = 2.2 and t3 = 3. The daily capacity
of the machine is 10 units of time.

1. Formulate this problem as a linear program model and find the optimal pro-
duction quantity for each product. (10%)

2. Shadow price of a constraint of a linear program is defined as the amount of
improvement in optimal objective value if the right hand side of the constraint
is increased by 1. Use this definition to find the shadow price of the machine
capacity and explain how would you use the information of shadow price in
increase and decrease the machine capacity. (15%)

3. If the production quantities have to be integral, solve this problem by dynamic
programming. (20%)

4, The linear program formulation defined above assume that we can sell every-
thing we produce. However, in real applications, the production quantity is
limited by the production capacity and the demand. Let us focus on demand
limit on product 1 only now and assume that demands for products 2 and 3
are infinite. Based on historical data, it is found that the daily demand D
for product 1 has the following distribution: P(D = 1) = 0.5,P(D = 2) =
0.4, P(D = 3) = 0.1. How do you incorporate this feature of product 1 in
your model (i.e, reformulate your model). (Do not find the optimal solution.)

(15%)

5. Turn our attention to the inventory control of product 1. To simplify the
problem, let us assume that the company produces only product 1 and the
demand D for product 1 is as before (P(D = 1) = 0.5, P(D = 2) = 0.4, P(D =
3) = 0.1). Inventory of product 1 is controlled by base stock policy, which is to
produce when inventory level drops below zero and produce a fixed quantity
@). Assume that unmet demand are lost at a cost of $1 per unit of unmet
demand and ¢ = 4. The inventory level of product 1 is reviewed at the end of
a day and holding cost is $0.5 per unit for inventory held at the end of a day.
If production is needed, it is conducted during the night and the produced
quantity will be ready to sell at the beginning of next day. We are interested
in finding the average cost per day of this inventory control system of product
1 and average days between two consecutive productions. (Hint: Formulate
the inventory process as a Markov chain) (40%)
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1. Yuntech Company plans to manufacture the i-Pod nano MP3 player for the Apple Computer.
The LCD monitor is the key component of the i-Pod nano. The director of the Yuntech
Company has to decide whether to purchase the LCD monitor from the vendors or to produce it
in-house. If the director chooses the in-house strategy, variable costs of $300 per unit and annual
fixed costs of $ 2,500,000 are required. Moreover, three vendors can provide the LCD monitor.
Vendor A (LG-Philips) offers a price of $350 per unit for any volume up to 30,000 units. Vendor
B (AUO) offers a price of $380 per unit for the demand that is less than 1000 units, and $320
per unit for the demand that is larger than 1000units. Vendor C (Chi-Mei) offers a pﬁce’of‘ $360
per unit for the first 1000 units, and $330 per unit for the additional units.

(a) Which alternative is the best if the director expects an annual volume of 10,000 units? (7%)
(b) Determine the best range of annual volumes for each alternative. (8%)

2. Group technology (GT) is widely applied in just-in-time (JIT) and flexible manufacturing
systems (FMS) to enhance the efficiency and flexibility of a production system. An effective
manufacturing cell is formed by grouping the parts into the “part families” and clustering the
machines into “machine groups”. A part-machine matrix is shown as follows:

pat| A | B|] c | D] E]F
machine '
MI o | 1 | 1| 0] 1] 0
M2 1 oo | 1|0 |1
M3 o | 1] 1| 0] 0] o
M4 1o ]| o] o] o/ 1|
M5 o | 1] 1] 0] 110

On this table, “1” means that the part has to be processed by the machine, and “0” mearis-that

the part doesn’t have to be processed by the machine.

() Please use your heuristics to cluster them and find out the “part families” and the “machine
groups”. : (10%)

(b) Jaccard (1992) proposed an approach called “similarity coefficient” to form the part families.
This approach calculates the “similarity coefficient” for any two parts by using the
following equation: )

_a

" btc-a

Sy

where, a is the number of machines which is used to process the part i and part j, b is the
number of machines which is only used to process the part i, ¢ is the number of
machines which is only used to process the part j.
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Alarge §; value represents a high similar processing between parts i and j, and therefore,
the parts i and j can be clustered into a part-family. Please use the “similarity coefficient” to
group the six parts into the part families. (10%)

3. Taiwan Semiconductor Manufacturing Company (TSMC) is the world's largest dedicated
semiconductor foundry. It provides the industry's leading process technology to serve and
support customers’ manufacturing needs. In Hsinchu Science Park, TSMC has three 12-inch
wafer fabs (12A, 12B, 12C) which provide three customers’ manufacturing needs (ATI,
n-VIDIA and Nokia). The individual capacity of the three fabs is different. The capacity of the
fab 12A is 12000 wafers a month, the capacity of the fab 12B is 15000 wafers a month and the
capacity of the fab 12C is 18000 wafers a month. Moreover, the demands of ATI are 18000
wafers a month, the demands of n-VIDIA are 15000 wafers a month and the demands of Nokia
are 8000 wafers a month, However, the unit profit of manufacturing a wafer for each customer
at each fab is different and the unit profit data is given in the follo‘wing table:

ATl | n-VIDIA Nokia

10 14 12
12A '

12 17 15
12B

11 11 12
12C

The objective of the manager is to determine an optimal capacity arrangement and maximize the
total profit.

(a) Please formulate this problem as a linear programming model, {8%)
(c) Please use the “north-west corner” method to generate an initial feasible solution ‘and

calculate the maximum profit. {(7%)
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(1) FAMER13AMHILEA - FANEONWELALZRTRAVBES M - SFHESEH » HMA S -

(2) HABERAEZER » BRBRAFAE - 5BBATL E eyt 642 -
4 FMTIEP » BRIEATEMIAEA « B ~ C~ D)FRINTD » AMTARIEARTRMTRR - 2XE12

250 » BUSTHEFRAIGEE M TR » SRR - A TIRGAHIER ?

HBAGHFASH » 43507 -

IMTAHEEN | IAETSSP | IR IR AR SERRAY
TUEPRYEIA | BYIMTHER(K) Bl MmMTHEECR) | SmrRk
A 128158 3 12825H 3 1
B 12H11H 4 12528H 6 2
C 126138 2 125181 2 1
D 12H25H 5 12/31H 5 1

(AYEIRAFCFSHEFEER] » RIINTIRFFR : D-A-C-B  (BYEIRRISPTHRFIER] » AIMTIARFE : D-B-A-C
(CHSERFIEDDHEFHER] » AN TIRAFES : A-C-B-D  (DRESRACRETHEA - RUNTINRFAFSS : C-A-B-D
(EYEERAS/OFEFRERI(HRLS/OME ™ R £ E) » AU TIEFHEREAT IR : D

5. 5 4 EER  EHEFCESHERE B SPTHEFHAIERY « THISGI{TEIERE 7
(AFCFSHEZ R SPTHIE » R YMake SpantSiH[H]
(B)AFCFSHHEZ » FIZEI9IETE (A verage Tardiness)57.75%
(CLASPTHHE » RIFRHRYZRIZER B E (Average Number ofJobS)ﬂm Of@l
(D)LAZEI5E TRFHI(Average Flow Time)ELES » HIFCFS HERRBHRSPTHERR
(E)AFAAIP TR I B LR » RISPTHHEEIRFCFSHIE

6. HEMNIMIHARETME - SRELELRETME - E—HESAIHYYFRNI(Forecas) ZER A3 51 )
£ 130, 30, 30, 40, 40, 30 - FEE—HFEE A HIRIERERLETH(Committed Customer Orders)B RIS 35,
40, 20, 30, 10, 0 - {kB b tE R HEE B B L R e — A= /A Y Master Production Schedulc(MPS)Eﬂﬂ
Available-To-Promise(ATPYEHE} » THIRGR{TE ERE ? .
(A)FE—MZFAERIMPSh - =R EA8E - SFHEERE I - Y - RERN
(BYRETMPSERHEY - ERESBTERESH - &mﬂﬂﬁﬁm
(CHIFEREMPSEAHED » SE—IE S HARIATPEL R RS .
(DHEMMPSRATPHISEHIERTES © Sfefit g HIMPS ﬂi&?’ Tiﬁﬁtﬁ!\'ﬂ?

EESEE=MNE—EFLITR - HIKRE3S - RIEAFEFTHERHAIMPS RATPRIBHERE © Lo
MPS » FATHE A EUEF IR E

7. EAFFEHAREMIEE (Transportation Model)SER =RV S HifI(Aggregate Planning) « FEATEEMTEMN
T SERAREFE ST - FEARSEEEINHIT B ENEREHEETT « f—iirFRE20
{8+ H=RARFERRS00E « H—WEFE =HRIERE(REDEIT 2515 1 1001 « 120H + 10017 - H—HE
HERROTRERFF 2 BIES © 80fH - 140(H ~ 80{E - THIRGR{THIERE ?

Demand
! 2 3| Total
1 P
Supply | 2
3 M N
Total

(MEEBIEHTE  EfEfGETRR (B) k5% (Transportation Table)th » BEAIEAM=177T
(C) - #(Transportation Table)} » BT AN=217C  (D).EF(Transportation Table)th » ﬁ{jﬁiﬁ:P—Zlm
(E)EFHA(Supply) STF R (Demand)FEF|Z-4 » L SEE IR S2089Dummy Demand
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11

12.

13.

FEfTEENYTR HEATRTT  SE7R 120000 - SRAEF IR AR STC » St BRaY B fRR A (Setup
Cost)f35003T » fB4E250B TIERhIg 4 Brekl » (EEXERITHRERIBATR » FHEER10 - &5
BATHRREER ¢ BEIB SRR - BANTBALGE WA T R AEREATI400 - PR EERK
FHPRIIRES AR XEATRIT6(Z=1.88) - DURARPIRORRA + SR RIMERITE R - AIZIRHEERR
HYRER » THIRGRTHRIERE ?

(AYRAT B4 FEHETRAS2236 (B) it FERRF28.0K (CO)RZMFRRIT.6
(D)L RS 1788.8 (E)FEHTHARER320

FE L TR MT R ARATA T - SEAAEKSRIN T ¢ SRARSE {1570  SREERI A
076 ERREEES - NS REERS - SRR 12 A LA X125 105 SRR ERaOF ke » FsRkitK
FE 115,13, 14,15, 11, 12,11, 12, 14, 13 = FHIRGRAAI-HIERE ?

(AYERRERTRRES 1347

(BYREERYIREEAKERI66.67%

OFRRIREE : EFHNSR - AHERAIRARST

D)RURRTIRE « HEFRER » RIER7ERAR107T

(EFERTRHMA 1303 » RIS BT R AR a IR R 95T

. HRIYIRIRREHEl(Material Requirement Planning, MRPYSRGR » THURIEIERE ?

(A)Inventory RecordsEofHE-MRPHERH A (Input)Zh} 2 —

(B)Bill of Material ZEHEMRPHIFEH (Output) Bl 2 —

(CMRP ProcessingiEHIFIFES * HASTELSBYMPSHHE, - HERTE X EIEERE « BRESEHNERIRE

(DIMRP Processing#5 P& FYPRIAVHEMET STRF + BSTHIPTRK(Net Requirement)FZE S #E FHIE T R (Gross
Requirement)

(EYMRP Processing &% FE B HESI B TR0 » 4t HPlanned-Order Release EHE 22 H Planned-Order Receipt

P QRIEESRRSTER - PEnnEEEGf@)&F(ﬂEDFﬁﬂ‘HﬁE Q@nnEHFG@)ELG(HE)FﬁﬁHEE ARIBEFARTR ¢
10/EP » 5{HQ ~ 20{HE - 30fHF HRTBLHLTERES © 20(HP X 20{HQ - RIFET R Lead Time:Z
T R YRR RE - T?’.H‘I%IE%‘?

(ATRIERYP TR ELRE 5008 (BRI PR R ELREAS B (OYPRIFRIPTR IR 651H
D)RGHIP TR 15H EYIEGERRFRER0MHE

BIREHE (Project Management)1 » FFUSGR{YE B TIREHT B AR E THIGE LRI ERS ?

WBRLORRATEDActiviy)HETT  (B)FREE (Critical Path)d#8 T BB EAITERIHETT

OFiFE T RAR EAERIEST (DRI - EREER R PAEBHET
ECEELIREAME - R R R LR RRTERRET

THAMEEETE (Project Management)A9£XR » ESF NI FORMAVESRT - EFFeR R oo aursid « LS#R
TEABARRIRST - LFRSR RGBSR  THISCR{AHIERE ?

(AHE—EERI(Activity)fTS » H3YIFRE ¢ EF-ES=LF-LS

B)HE—{EEE) « FSLS=ES » il LF=EF

(OME—EES) » FFLS=ES + RIR%TEHYZEHREFEI(Slack)R0

D)ER LA » HAHARE(Slack) AHALLEO

EXEE—ER I FraEIivriing - FIRSH R R LRTRARM



] HEGE2LB

B L EMRBHF KB TR © TR
05 BEEEA I A B4 ERSE BIE * RO

— » (24%) EERRBELAT st
1) Software IC
2) Polymorphism
3) Exception handling
4) Argument & parameter
5) GUI
6) Foreign key
7) XML
8) RFID
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Statistics();//F3thET-
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double computeSampleVariance(); /215 H RIS 1 BT AR B E (A iE A By
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1. Find lim+yx®~x—1-+x*+x (10%)

X—pmcty

2 I fay=TBC 4D oy ri0). (10%)
e COSX '
et +e*+2

3. Find lim—————— (10%)
0 14cos2x

4, If f(x)=(2+x)e* (a)Find the asymptotes. (b) Find all relative maximum or
minimum poeints, (c) Find all inflection points and describe the concavity. (d)
Sketch the graph of the function. (10%)

5. X g +y*=2x=5, find d—y.(lo%)
dx
6. Find —1—dx (10%)
x*(x+1)
7. Find |e"sinxdx (10%)
8. X f(x)=] " drfind /(). (10%)

9. Find [ jx'—l—,dydx (10%)

10. Find Zk(k 1)(k 3 (10%)
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