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a bank has male and female customers. heir arriving follow Poisson
processes with parameters A, and A, , respectively. Let X, and X, denote the
waiting time until the first male and female customer arrive after 10 A.M.,
respectively.

(a) What is the p.d.f. X; and X,. (5%)
(b) Prove that the probability that the first customer arrive after 10 A.M. will be
a male is equal to A.TA.: , (10%)

A pound contains 100 fishes, of which 30 are carps. If 20 fishes are caught,
what are the mean and variance of the number of carps among these 207 What
assumptions are you making? (15%)

If X and Y are independent random variables having identical density functions
f(x)=e", 0<x <o, derive the joint density of U= X+V, V=X/(X+Y).
(15%)

Suppose that X, and X, are independent random variables having a common

mean . Suppose also that Var(X,) =q:.t']2 and Var(X,;)= ::r%. The value u
is unknown and it is proposed to estimate u by a weighted average of X, and

Xy, Le. AX;+(1-21)X,. Explain why it is desirable to use this estimator.
How to select a A such that the estimator have the smallest variance? (10%)

Let X;,X5, -, X, be a random sample from a uniform distribution on the
interval (0, &].

(a) Find the method of moments estimator for 6. (5%)
(b) Find the maximum likelihood estimator for &. (5%)

A certain size bag is designed to hold 25 pounds of potatoes. A farmer fills

such bags in the filed. Assume that the weight X" of potatoes in a bag is
N(u, 9). We shall test the null hypothesis f: ¢ =25 against the alternative

hypothesis H: ¢ <25. Let Xy, X,, X5, X, bearandom sample of size 4
from this distribution, and let the critical region C for this test be defined by
X <225, where X isthe observed value of X,

(a) Determine the significance level a of the test. (5%)
(b) Find the probability of the type [l error if in fact wu=23. (5%)

(c) Give the power function of this test. (5%)
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7. Given the five pairsof (v, y)values. @ 2 w5 x TR E &

10 6 3 5

g 3 0 2 l
(a) _Fif a simple linear feyéssiuﬁ model to these data. L (5%)
(b) Perform an analysis of variance for regression from these data. (10%)
(c) Estimate the expected y value corresponding to x = 2, and give a 90%

cnnfidence interval. (5%):

The Normal Distribution

P{Z-'_-‘-:_I =1'{:|:‘J; e " g

- 2

|D(—2) = | — ®(z))

z | 000 001 - 002 003 004 005 006 007 008 009

0.0 | 0.5000 05040 0.5080 05120 05160 0.5199 05239 0.5279 0.5319 0.5150
0.1 | 0.5398 0.5438 0.5478 0.5517 05557 0.5596 0.5636  0.5675 0.5714 . 0.5753
0.2 1 0.5793 0.5832 0.5871 05910 0.5948 0.5987 0.6026 0.6064 06103 0.614]
0.3 106179 0.6217 06255 06293 0.6331 06368 D.6406  0.6443 06480 0.6517
0.4 | 0.6554 0.6591 06628 06664 06700 06736 06772 06808 0.6844 0.6879

0.5 | 0.6915 06950 06985 07019 0.70%4 07688 0.7123 0.7157  0.7190 0,7224
06 | 0.7257 0.7291 0.7324 07357 07389 0.7422  0.7454 0.7486 0.7517 0.7549
0.7 | 0.7580 0.7611 0.7642 07673 07703 0.77M 0.7764 0.7794 0.7823 0.7852
0.8 |0.7881 0.7910 07939 0.7967 0.7995 0.8023 0.8051 0.807% 0.8106 0.8133
0.8159 0.8186 08212 08238 0.8264 0.8289 08315 0.8340 08365 0.8389

0.8413 ' 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
08643 0.8665 OX6B6 0.8708 08729 0.874% 0.8770 0.8790 0.8810 0.8830
0.8849 0.8869 (LHBSR 0.8907 0.8925 0.8944 0.8962 0.4980 0.8997 . 0.9015
0.9032 09049 09066 09082 09099 09115 09131 09147 09162 0.9177
0.9192 09207 0.9222 0.9236 09251 09265 09279 0.9292 09306 09319

0.9331 09343 09357 0.9370 09382 09394 09406 09418 0.9429 0.9441
0.9452 0.9463 0.9474 09484 09495 09505 0.9515 0.9525 09535 0.9545
09334  0.9564 0.9573 09582 09591 0.9599 008 09616 09625 0.9633
0.9641 09649 09656 09664 09671 0.9678 09686 09693 0.9699 0.9706
0.9713  0.9719 09726 09732 09738 09744 09750 09756 09761 0.9767

0.9772 0.9778 09783 09788 09793 0.9798 0.9803 09808 0.9812 0.9817
09821 (9826 09830 09834 09838 0.9842 0.9846 0.9850 0.9854 0.9857
0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
0.9893 0989 09898 09901 09904 09906 09909 099(1 09913 0.9916
0.9918 09920 09922 09925 09927 0.9929 0.9931 09932 09934 0.993%

0.9938 0.9940 0.9941 09943 09945 09946 09948 09949 0.9951 0.9952
0.9953 0.9955 0.9956 0.9957 09959 09960 09961 09962 0.996] 0.9964
0.9965 0.9966 0.9967 0.99%68 09969 0.9970 09971 09972 0.9973 0.9974
0.9974 0.9975 09976 09977 09977 09978 09979 09979 (.9980 0.998
0.9981 0.9982 09982 0.9983 09984 09984 09985 09985 0.9986 (.9986

l].??ﬂ?_ 0.9987  0D.9987 0.9988 049988 0.9989 0.9989 0.9989 0.9990 [I.E"E'?ﬂ
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1. Consider the following linear prngra.mmlng; ;rnbtem {LP? { 2.5' )
minz = =z 4 7oy — 3z, { LP)
subject to 214 T —23 < 4

4zy — 3z < 2
—351 + ﬂmg + 233 E 1
z1, T3, ¢T3 =0

(a) Is (LP) feasible? If it is feasible, solve (LP) and find the optimal value z*,

(b) Formulate a dual problem (D) to (LP). How do you solve (D)? Find the optimal solutions if
it is feasible.

{c) Is the optimal value of (D) equal to 2*? Verify your answer.

. Each day, Taiwan Qil manufactures four types of gasoline: lead-free 95 (95), lead-free 92 (92),

leaded premium (lp), and leaded regular (Ir). Because of cleaning and resetting of machinery, the

time required to produce a batch of gasoline depends on the type of gasoline last produced. Assume

that the last gas produced yesterday precedes the first gas produced today. It takes longer to switch

between 2 lead-free gasoline and a leaded gasoline than it does to switch between two lead-free

gasolines. The time (in minutes) required to manufacture each day’s gasoline requirements are

shown in Table 1. You are asked to determine the order in which the gasolines should be produced

with minimum switch times each day. For instance, the order 95-92.1r.]p- requires 380 minutes in-
switching, ( a5 4 )

(a) Formulate this problem as a Mathematical program;
(b) Describe your solution procedures systematically;
(¢) Find the optimal order and the minimum value.

TABLE 1
Last Gas to Be Next Produced
Produced
Gasoline 95 92 Ir Ip
95 R a0 120 140
92 60 = 140 110
Ir 90 130 -~ 60

Ip 130 120 80  —
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3. A fast-food restaurant has one drive-in window. An average of 15 cars per hour arrive at the
window. It takes an average of 2 minutes to serve a car, Assume that interarrival and service
times are exponential. a5 %) :

(a) On the average, how many cars are waiting in line?

(b) On the average, how long does a car spend at the restaurant (from time of arrival to time
service is completed)?

(e) What fraction of the time are more than 3 cars waiting for service (this includes the car (if
any) at the window)?
4. Consider the network in Figure 1 as a maximum flow problem from source {SO) to sink (SI). ( 25 %)

(a) Find the maximum flow from node SO to node 5I;

(b) How do you define a cut in the network? Find a cut whose capacity equals the maximum
flow in the network.

(¢) State the max-flow min-cut theorem.

, ()¢
N

Figure 1: A Network Flow
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(a) T RyE(Kemel of T}Z,E]Eﬁ{aj[ ?
(b) T(R*) ZHEERM 7
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T, 1,0=(01, IO, L D=(1,5) Td,0,1)=(,2).

(@) 7(1,0,0)=7
(b) #7T(1, p, @)=(1,0), Hl(p, g)="

Eﬁlﬁllﬂ =(ﬂi 1, l)'lV] ={11- 2'|- [}}.Vg £{3| _2. 2).
(a) rHEEV, FiFgEV, Frie B K 895880 ?

Benit x 2888
V(X X, X,%,) €R

(b) BV, 7 K B EEEERARRBE 7

s W = [[J“I:,J;.,r..xs)eﬂjl Xy — Xy — X, =U}

W, :{{Jl.,ri..rj,x,‘,er)ER’I Xi =Xy =.-‘r.}, Hi

(2) W, \W,="?
(b) dim(W, nW,)=1

1 10
2 A4=l0 1 2.’
00 1
(&) A=17
[h}A‘“-——?
§ sl =]
# oA=|-1 1 -1},
-1 =1 1

(a) #5 B R A MLIRR AR, HIB=7

(b) HECR—IFRXHMHEME C'AC=28, RIC="
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