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1. Consider the following integer programming problem: .
max 8x + Sx, .
s.t 24x, +15x, 5156
4x, +16x, $26
x1,%, 20,x,,x, integer
Let‘s denote (LPR) as the LP relaxation of (IP) and you are asked to use Branch-and-Bound .
to solve (IP).

(IP)

(a) Use Simplex (tableau) Method (denoting the slack/excess variables as xi, x4, Xs, ...)
to solve (LPR) by setting the origin as the initial solution. If there is tie in the
entering or lez;ving variable, please select the smallest index one. (10%)

(b) What kind of properties can you say about the optimal solution in (a)? (5%) I

(c) What is the dual problem of (LPR)? Use the primal optimal solution of (LPR) in (a)
and the Theorem of Complementary Slackness to find a dual optimal solution of
(LPR). (10%)

(d) Use the dual optimal solution in (c) to find (please calculate it step by step) the
optimal tableau of the dual of (LPR), (10%)

(¢) According to the solution in (a), what is the current bound of (IP)? What is the
branching variable? By branching this variable, what are the two constraints you
have to add into (LPR) to create two subproblems (LPR;) and (LPR2)? (5%)

(f) Convert (LPR;) and (LPR;) to their dual problems and use the (dual (LPR)) optimal
tableau in (d) by conducting sensitivity analysis to solve the dual problems of (LPR,)
and (LPR;), respectively. (10%)

(g) According to the (dual) solutions in (f), what can you say about the primal ‘optimal
solutions of (LPR;) and (LPR), and please state your reasons, (5%)

(h) Give the solution tree after the first iteration of Branch-and-Bound for (IP) by using

the solution in (a) and (g), please state your reasons for each subproblem. (5%)
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2. An (s, S) inventory control system is to place an order when the inventory level of the
gystem drops below s (less than s) and the order size is such that when the replenishment
arrives, it will bring the inventory level up to level S. Let D be the demand size for
the items in each day where P(D = 0) = 0.3,P(D = 1) = 0.3,P(D = 2) = 04.
The inventory status is checked at the end of each day and the replenishment of the
inventory is placed immediately if needed. The set up cost for each replenishment is
$5. Assume that lead time for each replenishment is 1 days. Thus if an order is placed
at the end of day 1, replenishment of the’order will arrive at the end of day 2 before
the inventory status is updated. When the demand cannot be met from the shelf, the
demand is lost. Assume that each item costs $10 the holding cost rate per item per
day is $1 and there is a penalty cost of $4 per item for each lost demand. (20%)

a. Define the state of the system, draw the transition probability diagram and write
down the set of balance equations (Do not solve this set of equations).

b. Define your own notations for the limiting distribution and give the expression of
the average cost per day in terms of limiting distribution. {s,8) =(1,3)

3. One bakery store has a policy of selling only cakes of at most two days old. Thus, any
cake that can not be sold within two days after it coming out of the oven is discarded.
The demand, X; for the cakes in day i before Mother’s day (i = 2,1,0) has probability
distribution :P(X; = 1) = 0.3, P(Xz = 2) = 0.4, P(Xy = 3) = 0.2, P(X3 = 4) = 0.1,
P(X;=1)=02,P(X; =2)=03,P(X; =3)=0.3,P(Xy =4)=02 , P(Xy=3) =
0.2, P(Xo =4) = 0.3, P{Xy =5) = 0.3, P(Xy = 6) = 0.2. Assume that the demand for
‘cakes on the day after the Mother's day is zero and number of cakes on hand at the end of
day 3 before Mother’s day is 0. The cost of each discarded cake is $150 and the penalty
cost of each unsatisfied demand is P; on day i where P, = 30, A, = 50, Py = 100. Cakes
are made at the end of the day'and the bakery store needs to determine the number of
cakes to make at the end of each day,. Formulate and solve this problem as a dynamic
programming to minimize the total cost. (20%)
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B{A17(5%)

(b) 4% Johnson BRI ZHE4 BEE A4 EEZ IIEFF SR ARSE TRERRMAI 1 TIRes =
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(c) #5#t Johnson BBIZEHEEEE H & —RTRR[ o/ Mt & L iE - RIEE
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HIEREEI A 7(10%)
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4. A manufacturing process is described in the following Figure. Machine A is the normal
production process with a scrap rate P,%. Machine B is a special rework process for the products
rejected from machine A. If the product can be fixed by machine B, it will go to the output area
for next process. However, only P5% of the products can be suf:cessﬁxﬂy fixed by machine B.
The detailed manufacturing data is collected and summarized in the following Table.

@pu) |, (Output) '
o
i Po% Pg%
B Scraped)
Process Scrap Rate | Standard Operating Time | Machine Working
D (%) (hours per product) Hours per Year

Machine A P Ty Hy
Machine B 1—Pp% Tp Hp

(a) If the yearly input quantity is Q, derive pumber of machine required for machine A and
machine B, respectively. (5%) '

(b) If the yearly output quantity is K, derive number of machine required for machine A and
machine B, respectively. (10%)

(c) If allowance percentage (W%) and efficiency percentage (E%) are considered, modify the
answers derived in question (g). (5%)

5. A store manager is searching for a low cost inventory system for a specific on sale merchandise.
Sales records and purchasing information have been collected as follows: Daily demand is firm
on 30 and cost of processing one purchase order is $1500. Lead time for processing a purchase
order needs 10 days and holding one unit for a year costs $10. Assume 5 working days per week
and 50 weeks per year. :

(a) If a fixed-order-quantity (economic order quantity) inventory system is considered, find the
order quantity which will balance the annual ordering cost and the annual holding cost. What
is the safety stock in this situation? (10%)

(b) Consider a specific fixed-order-interval inventory system which has 40-day period for a
replenishment cycle. The amount to order is determined by the following equation: ’

Order Quantity = (Demand during Order Interval and Lead Time) + (Safety Stock)
— (Amount On Hand at Reorder Time)

Evaluate this inventory system from cost view point. Compare this inventory system with the
fixed-order-quantity system. What is your recommendation? (10%)

(c) If a two-bin inventory system is considered, find the minimal bin size and calculate the total
annual cost in this situation using the data collected for this merchandise. (1 O%)i
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(1) Class and Object
(2) Inheritance
(3) Collaboration diagram and Sequence diagram
(4) Queue
(5) Relational database
(6) ASP or ISP ($2—258H) B
(7) 3-Tier architecture
(8) Multiprogramming and multitasking
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L. (4%) REE e - SRR IR E I B R -

2. (18%) MRAFSEFARNIIEFF - (T3 RFERIFTEE(DED, data flow
diagram) o '

3. (8%) FHfFARERINIAR BRI BT R TR St R -
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fE0FE S ST EBHBYE A (Rational) » EIFEHR "HiE, (attribute) RLLF 2 TER
BE%Y  /HHEE(Method):

(1) void reduce() : H%ﬁ@&&fz%*ftﬁﬁ%ﬁ%ﬁﬂﬁ : ﬁﬂﬁﬂgﬂﬁﬂz%ﬁ% .

(2) Rational add(Rational r) : LA EEE: r » M EHRERSRME] -

(3) Rational subtract(Rational r) : J{EHEBE: 1 » WIS RMAE -
(4) Rational multiply(Rational r) * 3§ LY r » W HFE SRR -
(5) Rational divide(Rational r) : BRAFFERISATE: ¢ » MR E i es SR e -
(6) void print() : A g/p A&=RENH -
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1) A4, B:nx nmatrix . i

(a) (4+B) (A —B) =4*—

(b) AB=Iimplies that 4 and B are invertible (f denotes the identity matrix).
(c) 4> =0 implies that 4 = 0, where 0 denotes the zero matrix. A
(d) tr(4B) = tr(BA), where tr(4) means the trace of 4.

(e) rank(4) =0 if and only if 4 is the zero matrix.

2)  Which of the following are elementary matrices

0 0 -1 1 0 1 1 0 0 00 1 100
f

@[0 -1 0| ®|o 10| @|0 -1 ~1| @|L 0o ol |01 0

1 0 0 01 1 0 0 1 010 00 =«

3)
(a) Every vector space contains a zero vector.
(b) A vector space cannot have more than one basis.
(c) Any set contains zero vector is linearly dependent,
(d) The intersection of any two subsets of a vector space is vector space.
(e) Subsets of linearly independent sets are linear independent.

4)
(a) Therank of a matrix is equal to the number of its nonzero columns.
(b) Any homogeneous system of linear equations has at least one solution.
(c) A linear system of 5 equations and 10 variables must be consistent.
(d) The reduced row-echelon form of a given matrix is unique.
(e) Given Ax = b, if (4|b) is in reduced row-echelon form then Ax = b must have a solution.

5)
(a) If P( 1) is the characteristic polynomial of matrix A, then P(4) =0 (zero matrix).
(b) Any 1 x # matrix hat has fewer than » distinct eigenvalues is not diagonalizable.
(c) Any n x n symmetric matrix is orthogonally diagonalizable.
(d) Eigenvalues must be nonzero scalars.
(e) Similar matrices always have the same eigenvectors.
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1) For any given real numbers a and b, please compute

1 0 0][t 0 O]t 0 —a|[1 0 a][1 0 0][t © 0
00 1|ld 1 0ljo 1 oflo 1 ofl-5 1 0jl0 0 1[.5%)
0 1 0Jlo o 1jloo 1loo 1o o 1flo,1 0

2) Consider the following matrix with symbolic real parameters ¢, 3, and +.
1 -1 0 0 1
0 0 a £ 0
0 0 0 ¥ 1
0 0 0 0 0

Under which conditions for ¢, 8, and «yis the matrix in row echelon form? Note that
there may be several such conditions so please find all of them. (5 %)

S

I SRR (FRRFy AT e THaiE) (70%)
1]]2
1) Consider the vector subspace W of R® with basis 4| 0},| 1
1|4

(a) Use the Gram-Schmidt process to find an orthonormal basis for #. (5 %)
1 2

(b) Find the OR-decompositionof [0 1. (5 %)
1 4

—

1 -2 2
2) Let A={-2 -2 4/|. Find a matrix P that orthogonally diagonalizes 4, and
2 4 -2
determine P AP . (10 %)

-1
3) Compute lim— {cos—+c052—+ +cosn—7r}. (10 %)
n

ey n n
4) Let f(x)=2x+13 whatis f™(x)=? (10%)
e Py @ e, L &y g0
hat =) =(=)" +—=(=—)". (10%
5) Let x=rcos8,y=rsind, proveta( ) (ay) (a) = (649) (10%)
xcos™ x
6) Find this integral dx. (10%)
) =
a__ . b
7) Evaluate _[x X dx. (10%)
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Most services provided in banks and post offices have being
changed from having customers choose the service counter they
prefer towait for service to asking customers pick up a number
upon arrival and wait for their turn for service when the number
they picked is called. Thus, in the past, there is a queue
in front of each service counter, and the system has multiple
queues in it. Nowadays, there is only one queue, in which
customers are ordered in terms of the number they pick upon
arrival, in the system. Such change of service pattern is an
application of queueing theory which indicates that the
average waiting time of customé}s in a system with multiple
service counters and single queue is shorter than that of
customers in a system with multiple service counters and
multiple queues when customers in such system are not allowed
to switch queue once he enters one. In fact, even without
knowing anything about queueing theory, by intuitive
induction it can be verified that the average waiting time
of customers in a system with multiple service windows and
single queue is shorter than that of customers in a system

with multiple service counters and multiple gueues.
(&) Give an intuitive induction on this. -- 25%

However, after the change in the service pattern, most

cugstomers complaining that they experienced longer wait in

queue in the new system.

(B) What are the possible reasons for such inconsistent

result between theory and real world applications? - 25%

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

1. Two balls are drawn from an urn containing 5 balls numbered from 1 to 5. The first ball is
kept if it is numbered 1, and returned to the urn otherwise. What is the probability that the
second ball drawn is number 27? :

(A)0.18 (B)0.21 (C)0.24 D) 0.27 (E) 0.30

2. Ata certain college, 20 percent of the men and 1 percent of the women are over six feet

Ctall, Furthermore, 40 percent of the students are women. If a student is randomly picked
and is observed to be over 6 feet tall, what is the probability that the student is a woman?
(A) 0.012 B) 0.017 (C)0.022 D) 0.027 (E) 0.032

3. Consider the following probability density function:

f@)=ke; 0sx<2,
=k(4-x), 2<xx54,
=0, otherwise,
What is the variance of X ?
(A) I3 B)2/3 ) 1.0- D) 413 (E) 5/3

4. A continuous random variable X has the probability density function
fx =39’5, 0<x<3.

What is the value of m such that P(X 2m)=P(X <sm)?
(A) 1.8383 (B) 2.0 (©) 21213 (D)2.3333 (E) 2.6667

5. The repair time X (in hours) for a certain electronically controlled milling machine
follows the density function:
' f(x)=4xe™, x>0.
What is the moment-generating function of X' 7
(Aa) (t-#/2)* B) (1-¢/2)" (C) (-1/3)7
®) a-t/3"  ® (-20"
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6. Let X7 and X; be distributed according to

f(x,x,)=2, 0<x <x,31.
What is the correlati‘on coefficient between X; and X3 ? :
(A) 0.35 (B) 0.4 (€)045  (D)0S5 (®) 0.55

7. For the multivariate distribution

k
_ f(st)—a—_‘_—;y—),', x=0, y=20.
What is the value of & ?
(A) 12 (B) 14 (©) 16 D) 18 ) 20

8. A lot of 25 color television tubes is subjected to an acceptance testing proceduré.
The procedure consists of drawing five tubes at random, without replacement, and
testing them. If two or fewer tubes fail, the remaining ones are accepted. Otherwise
the lot is rejected. Assume the lot contains four defective tubes, What is the
probability of lot acceptance?

(A) 0.82 (B) 0.86 (C) 0.90 D) 0.94 (E) 0.98

9, Let X be uniformly distributed between a and b and symmetric about zero with variance 1.
What is the value of a* +5*?

(A)2 B4 €6 D)8 E) 10

10. A certain type of light bulb has an output known to be normally distributed with
mean 2500 end footcandles and standard deviation 75 end footcandles, What is
the lower specification limit such that on'1y five percent of the manufactured bulbs
will be defective? .

(A)236945fc  (B)2376.63 fc (C)2383.33 fc
(D)2389.78fc  (E)2396.66 ¢

11. The Rockwell hardness of a particular alloy is 'normahy distributed with mean 70
and standard deviation 4. Suppose a specimen is accéptable only if its hardness is
between 62 and 72. What is the expected number of accepltable specimens among
the nine randomly selected specimens? ’

(A)5.099  (B)5333 (C)5.667 (D)6.018  (E)6.333

I | (| lliﬁ
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12. An assembly consists of three components placed side by side. The length of each | |
componént is normally distributed with mean 2 inches and standard deviation 0.2 |
inches. Specifications require that all assemblies are between. 5.7 and 6.3 inches
long. On the average, how many assemblies will pass these requirer}{ents?
(A)0.416 (B) 0.456 (C)0.516 (D) 0.556 (E) 0.616

13. Round-off error has a uniform distribution on [-0.5,+0.5] and round-off errors are .
independent. A sum of 50 numbers is calculated where each is of the form |
XXX.D, rounded to XXX before adding. What is the probability that the total
round-off error exceeds five?

(A)0.0071 (B)0.0081 (C)0.0091 (D)0.0101 (E)0.0111

14. A college statistics professor has office hours from 9:00 am to 10:30 am daily. A sample of
waiting times to see the prpfessdr (in minutes) is :
10,12,20,15,17,10,30,28,35,28,19,27,25,22,33,37,14,21,20,23. Assuming ¢ =7.84, find ’
the 95% confidence interval for the population mean. | |
(A) 18.81025.8 (B)19.5t035.1 (C)-3.5t03.5
D)-77t07.8 (E) 14.46 to0 30.14

15. In which of the following situations is it reasonable to use the z-interval procedure to
obtain a confidence interval for the population mean? Assume that the population standard
deviation is known. :

A. n=10, the data contain no outliers; the variable under consideration is not normally
distributed. . .

B. n=10, the variable under consideration is normally distributed. ‘ ;

C. n=38, the data contain no outliers; the variable under consideration is far from ‘

normally distributed.
D. n=1§, the data contain outliers; the variable under consideration is normally :
distributed. - ‘ M
(A)B B)C (C)B,C DAB,C (E)ADD

16. The weekly earnings of students in one age group are normally distributed with a standard

deviation of 36 dollars. A researcher wishes to estimate the mean weekly earnings of
students in the age-group. Find the sample size needed to assure with 98%confidenc that
the sample mean will not differ from the population mean by more than 3 dollars.

(A) 22 B)66 (©) 77 (D) 782 (E) 11
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17. Which of the following statements regarding t-curves. is/are true?
A. The total area under a t-curve with 10 degrees of freedom is greater than the area
under the standard normal curve. i

B. The t-curve with 10 degrees of freedom is flatter and w1der than the standard normal
curve.

C. The t-curve with 10 degrees of ﬁec&om more closely resembles the standard normal
curve than the t-curve with 20 degrees of freedom. )

D, As the degrees of freedom increases, the t-curve is more close to the standard normal
curve.

(A)B,C (B)B ©)AB D) A,B,C (B)B,D

18. At one school, the average amount of time that students spend watching television each
week is 21.6 hours. The principal introduces a campaign to encourage the students to
watch less television. One year later, the principal wants to perform a hypothesis test to
determine whether the average amount of time spent watching television per week
decreased. Assume that ¢ =7.5 hours, #=49 and the significance level is .05. Find the
probability of type II error of the test if in fact =20 hours.

(A) 0.95 (B)0.1808 (C)0.0808 (D)0.2802 (E)0.3192

19. The amounts (in ounces) of juice in eight randomly selected juice bottles are:
15.7, 15.3, 15.6, 15.3, 15.4, 15.0, 15.6, 154
Find a 95% confidence interval for the standard deviation, ¢, of the amounts of juice in
all such bottles.
(A)0.13t0 046 ° (B)0.22t0046 (C)0.15t00.45
(D) 0.18 to 0.69 (E) 0.02to 0.21

20. Find the p-value for a test of the claim that more than 50% of the people following a
partii:ular diet will experience increased energy. Of 100 randomly selected subjects who
followed the diet, 47 noticed an increase in their energy level.

(A)0.0239 (B) 04761 . (C)0.2743 (D)0.4514 (E) 0.5239

21. The equation of regression line for the paired data below is 7 =3x . Find SSE.
x |2 la |5 e

y (7 ju |13 |20

(A)1425  (B)10.00 (C)8875 (D)7875  (E)16.78

|||'|Ili
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22, Which of the following statement concerning the linear correlatlon coefficient is/are
* correct? .
- A. If the linear correlation coefficient for two variables is.zero, then there is no
relationship between the variables. i
B. If the slope of the regression equation is negative, then the linear correlation
coefficient is negative. - )
C. The value of the linear correlation coefficient always lies betweeni-1 and 1 inclusive.
D. A correlation coefficient of 0.62 suggests a stronger linear relationship than a ‘
correlation coefficient of -0.82,
(A)B,C (ByC,D (C)AB MAD - (E)A,C-

- v

23, A grass seed company conducts a study to determine the relationship between density of
seeds planted (in pounds per 500 square feet) and the quality of the resulting lawn. Eight i
similar plots of land are selected and each is planted with a particular density of seed. One [
month later the quality of each lawn is rated on a scale of 0 to 100. The sample data are |
given below. >
Sees Density, x 1 1 2 3 3 3 4 5 i
Lawn Quality,y | 30 40 40 40 © | 50 65 50 50
The equation of regression lineis $ =33.14 +4.54x . Find the residual for x=3.
(A)-6.76,3.24, 18.24 (B) 14.72 (C)4.91
(D) 6.76, 3.24, 18.24 (E) 46.76, 46.76, 46.76

24, Agam use the problem in above question, the equation of regression line is
=33.14 +4.54x . A 95% confidence interval for the slope of the population regressmn
lme that relates lawn quality to seed density is -1.50 to 10.58. Which of the following
isfare a correct interpretation of this confidence interval? :
A. We can be 95% confident that the slope, 8, of the population regression line is I
between -1.50 and 10.58.
B. We can be 95% confident that with each unit increase in seed density, the increase in

lawn quality is somewhere between -1.50 and 10.58.
C. We can be 95% confident that with each unit increase in seed density, the increase in
mean lawn quality is somewhere between -1.50 and 10.58.

D. If seed density increase by one unit, there is a 95% chance that the increase in lawn
quality lies between -1.50 and 10.58.
(A)B,C ®)C,D C)AB D)AD ®AC
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25. Three different brands of tires'were compared for wear characteristics. From each brand
of tire, ten tires were randomly selected and subjected to standard wear-testing procedures.
The average mileage obtained for each brand ofitire and sample variances (both in 1,000

mies) are shown below. . - < are
. BrandA  BrandB  .Brand-C
~Average Mileage 37 38 .33
Sample Variance - .73 ‘ 4 2-, " !

Which of the following statement concerning the ANOVA table is/are correct?
(A) SSTR =108 (B)SSE=9 (COMSE=3 - "
(D) MSTR = 140 (E) F=28.3

. .-I'.. R
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TABLEIl (cont)
Areas under the
standard normal curve

Second decimal place in z

z 000 00 002 003 004 005 006 007 008 009

00 | 05000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 %0.5279° 05319 0.5359
o1 0.5398 05438 05478 0.5517 05557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 0.6179 0.6217 0.6235 0.6293 0.6331 0.6368 .0.6406 0.6443 0.6480 0.6517
o4 0.6554 0,6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879

0.5 | 0.6915 06950 0.6985 07019 0.7054 07088 0.7123 0.7157 07190 0.7224
06 0.7257 0,7291 0.7324 07357 0.7389 0,7422 0.7454 0.7486 0.7517 0.7549
0.7 | 07580 0,7611 0.7642 0.7673 07704 07734 07764 0.7794 07823 0.7852
a8 0.7881 ©.7910 Q.7939 0.7967 07995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 08315 0.8340 08365 0.8389

Lo 0.8413 08438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.3621
o L1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
L2 0.8849 0.886% 0.8383 0.8907 0.8925 0.3944 0.8962 0.8980 0.8997 09015
13 09032 09049 09066 05082 05099 09115 0.9131 09147 09162 09177
14 09192 09207 09222 09236 0.9251 09265 0.9279 0.9292 0.9306 0.931% u

L5 | 09332 09345 09357 09370 0.9382 09394 0.9406 0.9413 0.9429 0.9441
' 1.6 | 05452 09463 09474 0.9484 09495 09505 0.9515 09525 09535 0.9545
1.7 0.9554 0.9564 0.9573 09582 0.9591 09595 0.9608 0.9616 09625 0.9633
18 09641 09649 09656 09664 0.9671 09678 09686 0.9693 0.9699 0.9706
Le 0971370,9719 09726 0.9732 09738 0.9744 09750 09756 0.9761 0.9767 I

20 09772 09778 09783 0.9788 0.5793 09798 0.9803 0.9808 0.9812 0.9817
2.1 0.9821 0.9826 09830 0.9834 09838 09842 0.9846 0.9850 0.9854 0.9857
22 0.9861 09864 09868 0.9871 05875 09878 0.9881 0.9884 0.9887 0.9850
23 0.9893 0.9896 0.9898 0.9901 09904 0.9906 0.9509 0.9911 09913 09916
24 0.9918 0.9920 09922 09925 0.9927 0.9929 0.9931 09932 09934 0.9936

. 25 0.9938 0.9940 .0.9941 09543 09945 09946 0.9948 0.9949 0.9951 0.9952 i
26 0.9953 09955 0.9956 0.9957 09959 09960 0.9961 0.9962 0.9963 0.9964

27 0.9965 0.9966 09967 09968 0.9969 09970 0.9971 0.9972 09973 09974

28 09974 09975 09976 09977 09977 05978 0.9979 0.9979 05980 0.998!

2.9 0.9931 09932 09982 0.9933 09984 0.9984 0.9985 09985 0.9986 0.9986 }

l

3.0 0.9987 0.9987 09987 0.9988 0.9988 0.9989 0.9989 0.9989 0.5990 0.9990 I
: 3.1 0.9990 0.9991 09991 0.5991 09992 09992 0.9992 09992 0.9993 0.9993 ‘.'

3.2 0.9993 09993 0.9994 09994 05994 09994 0.9994 09995 0.9995- 0.9995
3.3 0.9995 0.9995 09995 0.9996 09996 09996 0.9996 09996 0.999% 0.9997
34 09997 09997 09997 0.9997 09997 09997 0.9997 0.9997 09997 09998

35 | 09998 09998 0.9998 09998 09998 09998 0.9998 0.9998 09998 0.9998 1

36 0.9998 0.9998 09999 05999 09999 09999 09999 0.9999 0.9999 0.9999

3.7 | 09999 0.9999 09999 0.9599 09999 0.9999 0.9999 0.9999 0.9999 0.9999 ‘
[
I

8 0.99%9 0.999% 0.9995. 0,5999 0.9999 0.9999 0.9999 0.9959 0.9999 0.9999.
3.9 1.00001

1 For z = 3.90, the areas are £.0000 to four decimal places.
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TABLE IV
Values of t4

-

df toio toos to.oas tom to.005 .,df
1 3.078 6314 12706 31.821 63.657 1
2 1.886 2920 4.303 6.965 9,925 2 .
3 1.638 2.353 3.182 4.541 5,841 3 .
4 1533 2132 2.776 3.747 4.604 4 "
5 1476 2015 2571 3.365 4.032 5
[ 1.440 1.943 2447 3.143 3.707 [
7 1415 1.895 2365 2,998 3499 7
8 1,397 1,860 2306 2.896 3.355 8
9 1.383 1.833 2262 2.821 3.250 9
10 1.372 1.812 2.228 2764 3.169 10
11 1.363 1.796 2.201 2.718 3.106 11
12 1.356 1.782 2,179 2.681 3.055 12
13 1350 1,771 2.160 2.650 3.012 13
14 1.345 1,761 2.145 2.624 2.977 4
is5 1.341 1,753 2.131 2.602 2.947 15
i6 1.337 1.746 2.120 2.583 2.921 16
17 1.333 1.740 2,110 2.567 2.898 17
18 1.330 1.734 2.101 2.552 2.878 18
19 1.328 1.729 2093 2,539 2.861 19
20 1.325 1.725 2.086 2.528 2.845 20
21 1.323 1.721 2,080 2.518 2.831 21
22 1.321 1.717 2,074 2.508 2.819 22
23 1,319 1.714 2.069 2.500 2.807 23
24 1.318 1,711 2,064 2492 2.797 24
25 1.316 1.708 2.060 2.485 2.787 25
26 1.315 1.706 2.056 2479 2.779 26
27 1.314 1.703 2.052 2473 27171 27
28 1.313 1.701 2.048 2467 2.763 28
29 1.311 1.699 2,045 2462 2,756 29
30 1.310 . 1.697 2.042 2457 2.750 30
31 1.309 1.696 2.040 2453 2744 31
32 1,309 1.694 2.037 2.449 2738 32
33 1.308 .1.692 2.035 2445 2.733 33
34 1.307 1.691 2.032- 2441 2,728 34
35 1.306 1.690 2.030 2438 2,724 35
36 1.306 1.688 2.028 2434 2719 36
37 1.305 1.687 2.026 2.431 2,715 37
38 1304 1.686 2.024 2429 2,712 38
39 1.304 1.685 2,023 2426 2708 39
40 1.303 1.684 2.021 2423 2,704 40
41 1.303 1.683 2020 - 2421 2.701 41
42 1,302  1.682 2018 2418 2.698 42
43 1.302 1681 2017 2416 2.695 43
44 1.301 1,680 2015 2414 2.692 44
45 1.301 1.679 2014 2412 2.690 45
46 1.300 1.679 2013 2410 2.687 46
47 1.300 1.678 2.012 2408 2.685 47
48 1,299 1.677 2,011 2.407 2.682 48
49 1.299 1.677 2010 2405 2.680 49
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TABLE ViI e
Values of x2 df Xdss  Xdss  XBms  X3ss X3n
1 0.000 0,000 * .0.001 0,004 0016 |
. 2 0,010 0.020 0.051 0,103 0.211 v
o 3 0.072 0.115 0.216 0.352 0.584 “
4 0,207 0.257 0.484 0.711 1.064
Y X 5 0412 0.554 0.831 1,145 1.610
(] 0.676 0872 . 1237 1,635 2.204
7 0.989 1.23% 1,650 2,167 2833
8 1.344 1.646 °~ 2.180 2,733 3.490
9 1.735 2,088 2,700 3.325 4.168
10 2.156 2.558 3.247 3,540 4,865
1 2,603 3.053 3.816 4.575 5578
12 3.074 357 4,404 5.226 6.304
13 3.565 4,107 5.009 5.892 7.042
14 4.075 4.660 5.629 6,571 7190
15 4.601 . 5229 6.262 7.261 8.547
16 5.142 5812 6.908 7.962 2.312
17 5.697 6.408 7.564 8.672 10.085
18 6,265 7.015 8.231 9390 10.865
19 6.544 7.633 8907 10117 11651
20 7.434 8.260 2.591 10.851 12,443
21 8.034 8.897 10283 1L591 13240
. s 22 8.643 9542 10982 12338 14.041
23 9260 10.196 11.68% 13.091 14.848
24 9.886 10.856 12.40) 13,848 15659
25 10520 11524 13120 14611 16473
26 11,160 12,198 13844 15379 17.292
27 11.808 -12.879 14573 16151 18,114
28 12461 13,565 15308 16928 18939
29 13.121 14256 16047 17708 19.768
30 13.787 14953 16,791 18493 20.5%
40 20.707- 22,164 24433 26509 29.051
50 27991 29,707 32357 34764 37.689
60 35534 37485 40482 43188 46459
70 43.275 45442 48,758 5L73% 55329
80 « 51,172 53540 57.153 60391 64278
o0 59,196 61754 65647 69.126 73.291
100 67.328 70.065 74222 77930 82358
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TABLE VIl (cant.)
Values of x2

v

v
-

-

Xd1o Xdos Xdozs Xdon X005 * df -
2,706 3.841 5.024 6.635 7.879 . 1
4,605 5.991 7.378 9.210 10.597 2
6.251 7.815 9,348 11.345 12,838 3
1.779 9,488 11143 13277 14.860 4
9,236 11.070 12.833 15.0_86 16.750 5
10.645 12.592 14.449 16.812 18,548 6
12.017 '14.067 16.013 18.475 20,278 7
13.362 15.507 17,535 20.090 21955 8
14.684 16919 19.023 21.666 23.589 9
15.987 18,307 20483 23,209 25.188 10
12.275 19.675 21,920 24725 26.757 1
18.549 21,026 23337 26,217 28.300 12
19.812 22,362 24.736 27.688 20,819 13
21.064 23685 26.119 29.141 31.319 14
22.307 24.996 27.488 30.578 32,801 15
23.542 26296 28.845 32.000 34,267 16
24,769 27.587 30.191 33.409 35718 17
25.989 28.869 31526 34.805 37.156 18
27.204 30.143 32.852 36.191 38.582 19
28.412 31410 34.170 37.566 39.997 20
29615 32,671 35479 38.932 41,401 21
30.813 33.924 36.781 40.290 42,796 22
32.007 35,172 38.076 41.638 44,181 23
33,196 36415 39.364 42,930 45,559 24
34382 37.653 40,647 44,314 46,928 25
35.563 38385 41,923 45.642 48,290 26
36,741 40.113 43,195 46.963 49.645 27
37916 41.337 44,461 48.278 50,954 28
39.087 42,557 45,722 49,588 52.336 29
40256 43,773 46.979 50,892 53.672 30
51.805 55.759 59.342 63.691 66.767 40
63.167 . 67.505 71.420 76.154 79.490 50
74,397 79.082 §3.298 88,381 91.955 60
85.527 90.531 §5.023 100424 104213 70
96.578 101.879 106.628 - 112328 116.320 80
107.565 113,145 118.135 124.115 128.296 90
118.499  124.343 129.563  135.811 140,177 100

TN
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Part I. Microeconomics (each question 5 point); answer the following questions pointedly.

1. ANew York City cab driver appears to be making positive profits in the long run
after carefully accounting for the operating and labor costs. Does this violate the
.competitivc model? Why or why not? .-

2. True or false? The only reasonable long-run level profits for a competitive firm that
has constant returns to scale at all levels of output is a zero level of profits, .

3. The technical rate of substitution between factors x; and x; is -4. If you desire to
produce the same amount of output but cut your use of x; by 3 units, how many more
units of x; will you need?

4, Given the Paasche quantity index is less than 1. What can you conclude about
how well-off the consumer is at time t compared tb his situation at base time b?

5. Given the consumption data,

QObservation | Py P; X X2
1 | 2 1 2
2 2 1 2 |
3 | | 2 2

I T 1T

How can you say about the consumer’s preference?

6. Show mathematically that a monopolist always sets its price above marginal cost.
7. State the First Theorem of Welfare Economics and its implications for the
competitive markets.

8. Suppose that one individual’s demand curve is !Jl(p)=20-p and another individual’s

is D2(p)=10-2p. What is the market demand furiction?

9. If a consumer has a utility function u(xl,xz)=x1xz4, what fraction of her income will

she spend on good 2?

10. Draw the indifference curves for the utility function u(x;,x2)=In x+x3.

a
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Part II. Macroeconomics: answer the following questions pointedly

True or false? Explain your answer.

1. Ifboth government spending and taxes increase by the same amount, the IS curve
does not shift. (8 points) .

2. Budget deficits cause trade deficits..(9 points)

3. In the absence of changes in fiscal and/or monetary policy, the economy will
always remain at the natural level of output.(8 points)

4, According to the Phillips curve relation, the sacrifice ratio is independent of the
speed of disinflation.(8 points)

5. Capital accumulation does not affect the level of output in the long run. Only

technological progress does.(8 points)

6. The higher the saving rate, the higher consumption in steady state.(9 points)

I T T 7T 17




