EARVABRZIpIN=

111 2FEEHTIHEE S EEE

&
E
e

I

=
o

2
‘ﬁl_l.t:

St
=

& m

- 239

P TREENEHESE A
D ETER

+ 0220

P58 3 Hi

: AIEFETEM



|5 239 ._ BUZRRII RS 111 B4E A4 B3

R OFT IEEENEEEL

EHRMHE - giates S EH 0220 - Bi% 0 3
14t

K BLEEER  ARETEANEE - BRERSRIEE  RESESR HEEE  RATES -

I-1 (10%) A machine operates from 8:00 to 16:00 every day and is equipped with a diagnostic test to assess whether
the machine is in control (IC) or out of control (OC) at 12:00 on a daily basis. Because of the setup, the machine is
always IC at 8:00 every day. The test is not 100% reliable: If the machine is OC, the test will report an OC status with
probability 0.95. And, if the machine is IC, the test will report an OC status with probability 0.02. According to the
historical maintenance records, the machine becomes OCin a morning with the probability 0.05.

(a) (6%) On a randomly chosen day, what is the conditional probability that the machine is indeed OC when the
diagnostic test reports an OC status?

{b) {4%)When the test reports an OC status, an engineer immediately restores the machine to IC if necessary. What
is the probability that the occurrence of an OC in the afternoon is due to the occurrence of an OC in the morning
on the same day? i

-2 (10%) A maintenance service provided by a firm has uncertain service time X which is characterized as a continuous

random variable with pdf f{x), mean g, and standard deviation o.
(a) (5%) What is the expected service time of the average of 30 independent maintenance services?
(b) (5%) If a contract requires that the average of 50 independent maintenance services provided by the firm shall
be less than T. Explain how the firm shall compute the probability of meeting this requirement.

I-3 (5%) College of Engineering at a national university conducted a salary survey for 100 alumni. The college is aware
that the mean and the standard deviation of their salaries are $30,000 and $4,000, respectively, but does not
know the underlying distribution. What percentage of these alumni would earn more than $42,000?

I-4 (5%) The time between ambulance arrivals at an emergency room follows the exponential distribution with mean
30 minutes. What is the probability that no ambulance arrives at the emergency room within a one-hour period?

I-5 (8%) Suppose that a'continuous random variable X has pdf f(x), CDF F(x), mean 4, and the support [a,b],
wh.ere 0 < a<b. Verify whether each of the following statements is correct or incorrect.

(a) (2%) F(a+b) =1. '
(b) (2%) Define x, to be the value of x such that F(x,)=1-a.Then, asmaller value of « indicates a larger

value of x_.

(c), (2%) 4 can be obtained by evaluating J-lx f(x)dx.

(d) (2%) The expression _[: (x— p) f(x) dx is evaluated to be zero.

I-6 (8%) Let P()) denote the probability of an event occurring, and 4 B denote the intersection of two events A and
B.Suppose that P(A) = 0.3, P(B) =0.8, and P(ANB)=024.
(a) (4%) Please verify whether A and B are mutually exclusive events or independent events.
(b) (2%) What is the joint probability of A and 8?
(c) (2%) What is the probability of the union of A and B?
17 (4%) Consider a positively skewed (or right-skewed) mound-shaped distribution. Please order the mean, the

median, angd the mode for this distribution.
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II-1. (15%) An engineer would like to evaluate if the two machines produce products with the same mean and variance.
The weights of the product produced from two machines are given. Use the data in the table and a=10.05 to
answer the following questions. ’

Machine1 |32 36 37 37 39 35
Machine2 [31 33 39 39 40 35 33 32

(1). (5%) Conduct a statistical test to determine whether there is a significant difference between the variances in
the weights for two machines? Explicitly present your null hypothesis, test procedure and conclusion.

(2) (10%) Based on the previous conclusion from (1), formulate the hypotheses that can be used to determine if the
sample data support the hypothesis that the average weights from these two machines are equal? Use
¢ =0.05. Explicitly present your null hypothesis, test procedure and conclusion.

12 20%) The following data are obtained from a completely randomized design. Use the data to answer the
following questions.

Treatment
A B C
20 17 21

22 18 23
24 19 24
21 22 26

o d B =

(1) (10%) Set up the ANOVA table for this problem.

(2) (5%) Based on the ANOVA table in (1) (at the a =0.05 level of significance), what conclusion is implied in
this problem?
(a) Not all means are equal,
(b) Not all variances are not equal.
(c) The three samples are not independent.
(d) The residuals are not normally distributed.

(3) (5%) Use Fisher's LSD procedure to test whether there is a significant difference between the means for
Treatments A & B (atthe & =0.05 level of significance).
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11-3. (15%) A store manager would like to use the following multiple linear regression equation to predict sales (Y) with
two independent variables and the model is: ¥, = B, + Bx, + f,x, +¢,. After collecting data, a Minitab
computer solution output is given, use the output to answer the questions.

Regression Equation]
¥ = 88.92 + 0.02135 X1 + 0,000780 X2

Analysis of Variance

Source DF Adj S5 Adj MS F-Value P-Value
Regression 2 21.504 10.7518 10.96 0.024
il 1 20.210 20.2008 20.60 0.011

2 1 2,436 2.4362 2.48 0.190
Error 4 3,925 0.9812
Total 6 25.429

(1) (5%) What is the value of coefficient of determination (+*) in this problem?
(2) (5%) Predict the value of sales (Y) when X,=300 and X,=4,000.

(3) (5%) Can the multiple linear regression model above be applied to data with binary response (¥ =1 or 0)?
Give an explanation to your answer.
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t-distribution table

Area or
probability Entrics in the table give r values for an arca
or probability in the upper tail of the ¢
distribution. For example, with 10 degrees
of freedom and a .05 area in the upper tail,

P Ty = L8I12.

Area in Upper Tail
of Freedom 20 10 05 025 01 005
1 1.376 3.078 6.314 12.706 31.821 63.656
2 1.061 1.886 2.920 4.303 6.965 9.925
3 978 1.638 2.353 3.182 4.541 5.841
4 941 1.533 2,132 2.776 3.747 " 4.604
5 920 1.476 2.015 2.571 3.365 4.032
6 906 1.440 1.943 2.447 3.143 3.707
7 .896 1.415 1.895 2.365 2.998 3.499
8 .889 1.397 1.860 2.306 2.896 3.355
9 .883 1.383 1.833 2.262 2.821 3.250
10 .879 1.372 1.812 2.228 2.764 3.169
11 876 1.363 1.796 2.201 2.718 3.106
12 873 1.356 1.782 2.179 2.681 3.055
13 870 1.350 1.771 2.160 2.650 3.012
14 .868 1.345 1.761 2,145 2,624 2.977
15 866 1.341 1.753 2.131 2.602 2.947
16 .865 1.337 1.746 2.120 2,583 2.921
17 .863 1.333 1,740 2,110 2.567 2.898
18 862 1.330 1.734 2.101 2.552 2.878
19 861 1.328 1.729 2.093 2.539 2.861
20 .860 1.325 1.725 2.086 2.528 2.845
21 859 1.323 1.7, 2.080 2,518 2.831
22 858 1.321 1.717 2.074 2.508 2.819
23 858 1319 1.714 2.069 2.500 2.807
24 .857 1.318 .71 2.064 2.492 2.797
25 .856 1.316 1.708 2.060 2.485 2.787
26 .856 1.315 1.706 2.056 2479 2779
27 .855 1.314 1.703 2.052 2473 2711
28 .B55 1.313 1.701 2.048 - 2.467 2.763
29 854 1.311 1.699 2.045 2462 2.756




w5237 {7 PRINAER 111 B R AR A4 AE

% B TREBTNEEZEZ

HEEHE - giate EEHE >0 WX 3
BLH #E5H

F-distribution table

probabitity
o F
Denaninator Area in Numeratar Deprees of Froedoa
Degrees - Upper *
of Freedom Tail 1 z 3 4 s [ A 8 9 o 15 20

1 1o 39.86 49.50 53.59 5583 1.4 a0 5891 5944 59.86 .19 61.22 61.74
A5 16145 19950 21571 12458 23006 23399 213677 23888 24054 24083 2459% 29402
025 H47.79 7948 BRAIS  BYOAD 02183 03T1 D4N20  US664 D628 98843 92287 09308
0 405218 499034 540331 SKM26  §763.96  SR5805 592833 S9E0SS 60240 EUSSH3 615697 620866

2 Rt 853 2.00 9.16 824 9.2% 933 835 9.37 938 939 9.42 944
o5 18.51 19,00 19.16 1925 19.3¢ 19.33 1935 19.37 1938 19240 19.53 19.45

izid 38,51 3900 3917 028 3930 3933 w36 39.37 3539 1040 19.43 39.45

ol 98.50 Lot w16 %925 9930 9933 9936 99.38 39 99.40 9943 . voas

3 Ao 5.54 S46 539 54 5n 528 527 525 ix 523 520 518
. 05 i3 LEL) 9.28 o1z @01 894 EBY R85 8.8l 37y a0 .66

# -3 1744 16.04 15.44 15.10 1483 1453 1462 1454 1447 1442 1425 1417
01 3402 sz 2946 I&TI 2824 9 .67 2749 734 2723 687 2669

4 .10 454 4.32 419 4.1 405 401 EL 395 39 39z 387 38
o5 n 694 6,59 639 626 616 609 604 6.00 596 5.85 530
o025 122 10.65 098 960 9.36 0.20 047 898 490 £84 8.66 1.56
01 .20 18.00 16.69 1598 1552 1521 1498 14.80 1466 1455 14.20 1402
L] o 406 378 362 352 345 340 33 KA 332 130 134 3n
05 661, 579 541 519 505 495 483 A8z - am 474 4.62 4.56
025 1001 243 776 739 715 698 685 676 668 662 6.43 £33
a 1626 1327 1206 1139 1097 1067 1046 1029 1006 1005 9.72 9.55
6 10 78 346 129 ENH an 305 kT 298 .96 294 2,87 284

s 399 504 4.76 4.53 4.39 428 4.21 405 410 406 394 38T
A5 &1 126 6.60 623 599 582 LN 360 552 546 527 517
oy 1375 1092 978 915 B75 247 826 .10 798 747 7.56 T

-7 0 s 126 g 296 288 283 2.7 275 72 70 263 259
-0 5450 474 4.35 412 397 g7 am 373 368 364 st 344 -
025 807 654 5.89 552 529 . 512 459 4.90 4.82 4.76 4.57 4,47
0l 1223 5.53 845 185 146 TI9 699 6,84 672 6.62 6.31 616

B A R in wn 281 273 167 262 .59 L6 2.54 " 246 242
05 332 446 4.07 384 369 A58 350 a4 1 33s 32 s
025 .57 6,06 542 S0 452 465 453 4.43 4.36 430 410 400

01 1126 865 - 759 701 663 637 618 6.03 591 581 552 536

¢ 0 136 a0l 281 269 261 255 251 247 .44 242 2.4 230
05 snz 426 3.86 363 348 k7] 329 323 318 304 301 294

025 121 571 5.08 477 448 432 420 410 403 396 37 167

m 10.56 802 699 642 606 5.80 561 5.47 535 5.26 406 481

0 10 129 292 273 261 238 2406 241 238 235 232 © 224 2.20
.08 496 4.0 T dag i in 394 07 3m 2.98 285 an

025 6,94 546 . 483 447 424 AW 395 385 0 a0 an 152 342
M 1004 156  ESS 59 561 530 . 520 506 a94 4.85 436 441

1 10 323 286 2166 254 245 239 234 230 227 2.25 217 212
5 484 kX 359 336 20 i) am 295 250 2.85 272 265

415 6.72 526 463 428 - 404 388 376 366 359 343 333 323

K] 9.65 121 622 5.67 532 507 489 474 463 4.58 425 4,10

12 ] 318 281 261 248 .39 2% 228 224 221 2.19 .10 .06
05 475 g 349 126 3N A 291 2385 2.80 275 262 254

. o2s 6.55 S0 447 412 38 in 560 351 144 a7 318 347

m 933 693 595 541 A06 482 464 4.50 439 430 4.01 3E6




