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1. (i) (6%) Describe three imbortant properties of the expionential distribution and state
why they are xmportant for queuemg theory and the. unphcatlons .

(ii) (9%) Consider the M/G/1- queueing model. That is, mterarrival time is an .
exponential distribution, and service time is a general distribution (G). Discuss the’
influence of the service time ditribution (G) on the expected waiting tiine of a
customer. (Hint: Lqg=(420’+p%) /-2(1- p), where Lq is the average length of the’
queue, and o is the variance of G ; p=A4 /u<1, A= mean arrival rate, = mean
service rate). . Discuss the implications of these findings for hiring employees as
servers in the system if the M/G/1 is an appropriate model.

PR ]
(iii) (10%) Prove the Rate-In=Rate-Out principle in the birth-and-death process of
a queteing model Use this principle to dérive the balance equations of the M/M/1
model. ’ e Co- . Co

i . —_—

- e

2. Queen Cosmetlcs (QC) produces Leslie Perfume which requires chermcals and labor.
Two production processes are-available: Process 1 transforms 1 unit of labor and 2
“units of chemicals into‘3 oz of perfume. Process 2 transforms 2 units of labor and 3
units of chemicals into 5 oz of perfume. It costs QC $3 to purchase a unit of labor -

. and$2 to purchase a unit of chemicals. ~ Each year, up to 20,000 units of labor and
35,000 units of chemicals can be purchased. In the absence of advertising; QC
believes-it-can-sell 1000 oz of perfume. To stimulate demand for Leslie, QC can —
hire the' lovely model Jeriny Nelson. Jenny ‘is paid $100/hour. Each hour Jeriny
works for the company-is estimated to increase the demand for Leslie Perfume by
200 oz. Each ounce of Leslie-Perfume sells for $5.

e

() (13%) Formulate the linear programming’ plohel to determine how QC can
maximize profits. (DO NOT SOLVE);, .

P -

(i) (12%) LlSt at least four assumptions of this'linear programmmg formulation as a
representation of the feal problem, and discuss i in what conditions these assumptions
may be violated. -
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3. (25%) #R ’Ffl]éljjiéﬁfﬁﬂﬁTransportaﬁon Problém o ﬁwa‘JﬁE‘Pi‘fﬁlﬂ%)ﬁ%#] .
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4. (25%)# & ‘F?ljﬁﬂ]ﬁ&éﬁik,ﬁ,z@FﬂﬂMaxunum Flow Problem ’ﬁmﬁsz} n?)?ié -
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(a) % A;H-BiiJASimi)le Moving Aver'agez'“f E(F = (T 4i- f)./ n) BMARBZnififTH#EK ? -

(b) FAHB34 5 Weighted Moving AverageZ #( Fi = WrAn 1 +W2A: 2)> Rl ASIB 2 Wih AT
BK?

() #A®B34 % Single Exponential Smoothing % i% » Al A;ﬁle_iF-;ﬂ R (EMTERK ?,
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(a) WA R— %S mﬁﬁﬁﬁ‘?}t—%@lscrete Stocking Levels)?&' Ao REHEEAAZH
HFARKHERE o (104) -

(b) # v ik 8k 75 5% /R £ (Continuous Stockmg Levels)7 &, » » A BRIAT RUBETHE
9542 M 2 Uniform Distribution » ;2 £ @AM A BRMKYEEF o 1050
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10 (10%) Show the dlstance D between a pomt Py(xq, yo, Z) and the
planeax+by+cz+d 0is ' _
laxo ¥ by, + 2, +d ~—
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1. (10%) Conisider theyfoﬂowilig_ pircuit system!:

1 1% .
- h .
T . s
. s 3
. 1.
. - i - .
4 i P - ELN
- ]\
.
v - ¥ .
-
- - N
¥ sl :

s——

LetE be the event that componenl i ﬁmehons well for i= 12

y

35, Let E be the

1

event that c1rcu|t can pass through from A to B, Supposex the 5 components are_ . «

r.ulually mdependent zmd _P(E ) 09 for all 1. Answer the’ followmg questions:

..‘.‘ R “ o T _. :t hth\ , - : -_ R . "
(a) Represent the cvent £ in.terms of evemsE s and set operatlons . .
(b) Evaluate lhe system rehablhty P (E) . o .
. R . 5
LI ; . .____‘_k___‘_ P
R TTemza e LT DT T e e T
2.¢ 10%) Let X 2qual th & ..-lmber of alphu pamcles emtted by bur1um—133 per,second .
a M, + e N
"o counted oy a uelger Cos nter Assume that'X has a Ponssan dlslnbutlon wzlh»l =49, -
3. [ T TR . -
o5 ‘3 o
Approxxmate P(45 <X< 60) e i ] Lo . -
i PR . ' ) . > A i ! ¢_
L T T - i a, ¥ 1 N *:
", ) i, .

3. (10%) Let X;, X, denote a randoin §mﬁp1e.é-om a distribution §32). -
. LI . ny - . “ .

&
* 4

<A

() l"md thejomt ;, d qu =Xvand, Kz\i{] + X, where 0 <H<h<w,
O ma .he margmal p.d.f oirﬂ and Y
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.should the engmeer interpret (WH‘% ‘tﬁ,ﬂ}i) thisinterval to his boss? -~ -~ .. .~

Y

_———

. - . g

- . ¥

- LS

- s ] ~
-

4. ('5%) The défect proportlon of a Iarge quant.'ly of mlcroclups isp. A quahty
engmeer Wants to esttmate p by randomly mvestrgatmg 100-chips, Let X be 1 if the

i-th investigated chip is:defett z_tnd 0 if the i-th investigated chip i isgood, i="1,2,...,100. -

R *
4 = - P - . -

- - - - - - - « *

(a)' Deterniine the maximum likelihood estimator-of p. - - T

(b) Is the estimator.in problem (2) biased? What does it mean? . ‘

(c) What is the maxzmum poss:b!e standard error of the estimator in problem (a)?

(d), Constmct a 90% one-srded upper confidence interval [0, upper limit] for P “How

- F
(e) Suppose “customers require that p be smaller than some constant p'. How should

the engmcer Judge whether the chlps are acccptable b'lsed on the interval of (d)? -

- - - - - - . g . .._.‘

P
el . - [ S ~ . - - 1
- ol :

5 (15%) A certam size bag is demgned to hold 25 pounds of" potatoes A f'tnner “fills
such bags in the ﬁeld Assume that the welght X of potatoes ina bag is N(p, 9) We
shall test the null’ hypothems Hy: p = 25 against the.alternative hypothesis Hj:p < 25.

“""'H..}'
Let x, X3, x3, X be al random sample of snze 4 from this dls’mbutton and let the critjcal
- ot N . “v“"'--..u_ ~

reglon be deﬁned byC = {)t-»-X 5 2_2-.5,}.

* -
LY
-

-
-

S
(a) What is the | pogg; function K(p) of this; test ?1In p'trtlcular 'what i€ the s:gmﬁcance

- = - - -

leI ? . \\& e e
cvel o i ot M "'-* =

b

(b) Ifthe sample values (x,, X3, %, x4) (21 24 24, 81, 23.62, 26.82), would you aceept

or re_|ect I-Io ? ., i

~ . Y -

\e) What lS s the pavalue as ,somated with X in part (b) 7’ - h . "L _
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6. (15%) A gasolme company dcvelops a new formula  gas and expects that 1t wnll get‘
hlgher mileage.. The company randomly selects 20 cars . of the same model; 10 of them

are filled w1th the new formula gas, and the rest 10 are filled with. conventlonal £2s. The

-

following are the mileage of thie 20 cars: ' ' -

- + - . -
[ % - -

: -.
M - [ *

.. new formula gas; 5:2, 6.1,49,74,6.0,5.7, 45,67, 1.0, 66 : .
.- conventional gas: 4.1,4.9,6.2,6,9,68,44,57,58,69,47 .

-

~ 3 e.‘,'

(a) Test whether the variances of mileage of 1hc two I‘ormulas gas is the Same at 01

-

stgmﬁcance level. [4-%] d ' S
(b) Set up the’ hypolhescs from customers' wcwpomt to test wllether the average
mileage of the hew gas is better than that of conventional gas. - [14/61

(c) Conduct an appropriate test I‘or the hypolheses of problem (b). What is the p=value

of the test? What is your conclusxon if the significance level is 0,057 [4‘7 ] . -

R

() How could you 1mprove ‘the companson expenment and why? [37 ]

N . . .o - . -
x - R > 5 B « )

7. (15%) The §‘z’tlary tY) and work oxperience (X) of ten employee‘s_are as ‘fo’llo“\y:

Rxr12, 8, zy,—593 5, “, 2164, z:xy,—974 33, zy, 7=44578.4-

-

T4 - . - -
4 .

(a) What is the lméa: regresswn equation of ¥ vsiX? ’
(b) Use ANOVA 10 perform the testof %lgmﬁcance of regression with o =0, 05

(9 What are the basic assumptlons of s1mple lmear regression model ?

T, -
- e
- -

—

8. (10%) A survey was conducted in two cities t0~dc!§mﬁne voters' support for threg
pariies.in dn upcoming election. 500 qualihed voters were randomly selected from each-

city and the following d:;_ta w“ére recorded;

a
4 -
»

~

i
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_ voter support o Cyl- 0 (Citylt
- Paity A "t . 04 1 o L235 - ‘ )
Lo vPartyB o2l 98 ‘

» [ - - L * 3 -~ = " a . 3
Party C D85 S A R e
i e ' . 2 S . oy ' “ - - ~
R : RN
(a) Set up-the hypolheses to test whether the 3 pames get the same suppoﬂ between - )
. . . : i
the two cmes DA e . DR -,‘ fo :
% . .
)] Conducl an appropnate test.at 0.1 sugmﬁcance level. What i is your conc]uswn? b
.
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p\x -.995 ' 8980 975 850 900 500  .100 050 025 010 {005
1 00+ 00+ .00+ 00+ .02 A5 27 384 502 663  7.88,
2 01 02 .05 a0 21 1.39 461 599 ..77.38 _ 9.2 10.60
3 .07 11 .22 .35 'o.5e "23r . 625 , 781 9.35' 11.34 12.04
' 4 21 ~30 .48 71 1.06 3.36 7.78 9.49 11.14 13.20 14.86
5 A1 .55 .83 1.15 1.61. 435 9.24 11.07. 1283 15.09 16,75
6 68 * .87 1.24 1.84 2.20 5,35 10.65 12.5% 1445 | 16.801 18.55
7 89 124 1.69 247 2.83 6.35 12.02 14.07 16.01 18.48 20.28
& 1.34 1.65 2,18 2,73 3.49 7.34 13.36 15.51 17,53 go.09 21.9¢
9 1.73 209 . 270 333 417 8,34 . 1466 1692 . 19.02 21.67 23.59
10 216 256 3.25 3.94 *4.87 9.4 15.99 183 20.48 22.21 2519 .
11 |- 280 .~ 305 3.82 457 558 ° 1034 17.28 19.68 2192 . 2472 26.78
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Part L Microeconom:cs (each questlon 2,5 points) .
Multnple Choice: Choose the best answer. \ i
1. Assume D(P) 70 - 4P and S(P) = 10 + 2P A price ceiling of $15 would
a. be ineffective. < o=~ ‘ -
b. cause a shortage. . )
c.cause a surplus. ' ) " . ’
d. create equilibrium. " b ' ca L
2. Markets do NOT require ' . ) A : o

a. property rights.
b. govemment enforcement of the laws.”
" c. the absence of mﬂatlon T

d. relative freetfom of contract, I :
3. If A is preferred to B and B is preferred to C, then the axiom of transitivity mamtams
that -, .

a. whether A is preferred to C depends onthecostsof AandC.” - - =L

b. A will always be preferred to C. . ) - o '

c. C canbe preferred to A in some c?rcu"mstanees.

~

d. Aand C are mdlﬁ'erent o ~ . ) ) ) -

-

4 Indifference curves are upward~slop1ng .

a. between goods wrth negative margmal utnhty
b. between one good wnth positive marglnal utlllty and another good of negatlve
marginal utility. - e : :
c. between goods with positive margmal utlllty ' ‘
v d. ifless.i ls better. _ . -

5. Which of the followmg statements is false?
a. Under uncertalnty, a utlhty function that displays dlmunshmg margmal utility of
income, descnbes a risk-lover. _ . .
b.A nsk-averter will reﬁme any gamble involving $0 i in expected value
. A risk-lover will accept. any gamble involving $0 in expected value,’
d. It is possible for the same pers_on \to‘be_,a.nsk-lov‘er and a risk-averter over

different ranges of income, _
6. The budget line shows the various combmatrons of comrnodnty bundles
a. that yield the same utility. | s
b. that have a cost equal to the consumier's income. = .. -
¢. in which the marginal rate of substitution -equals the price ratro

d.in Wthh the marginal rate of substltutlon is constant. . T




- C B . ﬁiZﬁ#é 4

= v

Bt @ 3 E :}i W P 1 %iﬁ%ﬂ%ggggmnm
e A- m&ennrmﬁﬂr)@ﬁemnm MR mwR
"\ - 7. The consumer should buyr more of good 2 when ’

Yl gt a. MU,/P;. > MUzle T y o . _

P b MU[MU2<P1/P2 o . - i .
51 - C Pg/MUz <P1/MU] . . "
P o d. MU, >MUs;. ]" . ’ )

. 8. For an inferior good ‘the income effect - )

a. remforces the substrtutlon effect. T o -

b. exceeds the substltutlon eﬁ'ect
c. offsets the substltutron effect.
d. is zero. ' .
9. The demand curve for a good isQ= 400/P +20. The elasticity of demand is:
2. elastic. - b. melastrc c. unitary. d. elastic or inelastic dependmg on the pnce.
10. Tanys buys 20 records amonth. The price of records rises. from $4 to $6. Then
a compensating change in monthly income would be ‘
2. $10. b.$20, . c. $120, - *d. $40,
11. The law of scarcity . T . o . . : a
a. must hold.in ail society, L . : . P
b. no longer holders in modern _econo_hrrlics:. S

a
RS R

c. implies there are no free goods. L. .
d..implies wants are limited compared to resources '
12. When a cdnsumer faces satratlon in both goods, his or:her system of indifference

curves are ) ; . e T
.-n- .a - P A LR et .
a. clrcular in shape,

- o~

b. everywhere concave to- the ongln

o c. upward-sloping. * e - o ' ‘ .
d. downward-sloping.* - ’ ’ )
. 13..When a production ﬁmct_i,o'ﬁ exhibits constant-returns-to-scale,
a. thére-can be-no _law of difninishing returns. .. )
b b. output per u unit*of labor would not be atﬁ'ected by an equi-proportionate change ‘
in both L- andK . . _ .
- ¢: the isoquants are symmetnc about a 45 degree line. . - ’ .

d. output per unit of labof may be affetted. by an equr-proportlonate change in
both L and K when durumshmg returns sets in.
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14. If isocost line becomes steéper;' then o : . ' .
. a. the cost of production must increase.
b. the total cost must increase. _
» ¢. the relative.cost of the factor on the horizontal axis must be increasing,  ~
d. output “must increase. - 1 .
15. If the marginal and aVerage products of labor are equa] it must follow that
a. ATC is minimized.” b. AVC is minimized. c. MC=ATC. d. MC MPL
16. One of the following has been questioned as a legltlmate barrier to entry by newer
industrial ofganization econonusts oL
a. sunk costs. b. patenfs ¢. government franchising. d economies of scale.
17.1fa monOpohst can charge a fee for-the nght to free]y buy hlS or her product the
monopohst would try to set the fee
-a. each customers demand price.

-

b. each customer‘s consumer surplus.
c. each customers margmal utility. - S Ctl ek
,d..the margmal cost of the product, o
18. With a nominal interest rate’of' 5 percent, people expect an inflation rate of 2 .-
percent, The real interest rate is apprommately ) '
a. 3*percent b. 5 percent. * c. 7percent d. 2.5 percent. -
19, If the démand curve.is P.= 50 - 6Q;-the marginal revenue curve is; .
a. MR=50-Q/3. b.MR=50-12Q. ¢ MR=25/3-Q/3. d MR= 257 6Q.
20. Suppose’ MC AC= $10. ‘Calculate the monopoly deadwelght Ioss for the
deniand curve P =50.- 5Q. - - ) .

_ a.$40. b.$60. c.$80. d.$100”

~
-
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Part II. Macroeconomics - ' /

L — W ORE, AL, ERS -

- w
~ ~

21, )iccording to the quantity théory of money, what is the percentage change of
“incomme velocity, if the rate of money supply, inflation rate, and the growth rate of
. output rife 3%, 6%, and’ 2%, respectlvely'? : e
(A 4% Lo i . :

CIE

-(B..)S%" ‘-\ - - . . l- " r -:_‘ - .

C(C)6% . TR S .
COT% T : CoL e
(E_).s% o ‘ - ‘ ‘

22, Suppose that the normnal mterest rate equals 9 percent, “the expected mﬂatlon rate

+ is § percent, and actual ‘inflatioh turns out tobe 3 percent In. thrs case: T
‘(A) the ex ante real intéTest rate is 4'percent. )
.(B) the ex post. real interest rate is 4 percent.

(C) the ex ante real 1nterest rate is6 percent. ]

(D) the ex post real interest rate-is 2 percent. . .

(E)*noneofall S T S B S e
. ‘ r .

i

b4

*

4

23. According to the new Keynessian econhomics, sti'c'ky wages and prices.in the short

“Tun are the result of : ~ I L

“ (A) rational expectation. . ‘ <. ' o . o
(B) menu costs and staggered wage and pnce settmgs. K ) ’
© changesiiithe money Supply by the Fed -' : e

) (D) perfect'cornpetltlon N - ’ )
(E) —nonewof all. - Lo e T i i '
. 24.According to real business c;cle theory, dn inctease in the money supply will -
"(A) decrease thereal interestrate. .~ . T \' o - -

®) mcrease the real mterest rate
© have no effect on the real 1nterest rate, e
(D) either decrease or have no effect-on the real interest rate

-+

(E)-either i increase or have nd efféct on the real mterest rate. -

- LT, . 3
)

bl
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25. Ina small open economy.with a ﬂoating exchange rate, monetaty.expansion does

- all of the following EXCEPT:
(A),lqwerj the interest rate. -~ .. eI -
(B) increase the equilibrium income level. .
(C) decrease the exchangerate. - Lo L
(D) cause:net exports torise.
(E) none of all.

26. Suppose that a consu:ription function concludes not only dispesable income but

- also wealthi. Which of the following statements is likely to happen?
(A) The increase in money supply will lead to a riee in consumption.
(B) The increase in_ inflation rate will lead to a decréase in consumptlon
(C) The classical dlchotomy will not hold. . ‘- v
(D) The consumptlon function supports the main features of the permanent .

L]

(E) all of the above.
27. Suppose that two LM &urves are spec1ﬁed as _
:' M s,
s M/,=08Y-0.ar,and K

LM, ; /P=0.6Y,—_o.3f. S .

The two curves can lmply
(A) LM, hasa 1 larger i 1ncome elastlclty of money demand than LM,.

(B) LM, has a smaller.incomeé elasticity of money demand than LM, 2-
(C) LM, has a larger interest rate elastlclty of money demand than ZM, .
(D) LM, has a smaller interest rale o elasticity of money demand than. LAf,.

" (E)- none ofal_la_ ?‘ S T e
[ J e

- - » -
£

, 28. Suppos:that an economy has thefollowing'macroecotlomic model: -

Y=C+I+G - o )
c= 50+075(YT),, s T _ ‘ .
T=20+02Y, R .

©1=25,, - ' :

G=10, -~ e

. where Y = income, C = consumptton expend1ture T=tax,1= mvestment
expenditure, and G = government expendlture ‘
Which of the following statements is true? . T T .

" 'income hypothes1s St ' - e

M
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A

L (A) The Ethbnur'h income is 28‘0
(B) If both ‘G and T increase by 20, then equ1hbnum income rises by 20.
(C) Ifmvestment increases from 25 to 45, then equ111br1um income rises by 60.
(D) It Tis changed to T =20 rather than T 20 +0. 2Y ‘then'the slope of IS curve

-
-

will become more flatter. ‘ i
(E)noneofall - e ‘ ST L.
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ABRAAR 108 04 '
LB R .‘.H cpu, system bus, interrupt controller, penphem] device, .
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