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Vehiclesarrive at atoll booth on the freeway at the average rate of 5/minute in acompletely random
fashion. The vehicles are counted and arrival times are recorded, beginning at 12:00 noon. Eighty
percent of the vehicles are cars, while the remainder are trucks, buses, etc.

Write the alphabetic letter corresponding to the name of the probability distribution which each of
the following random variableshas. Warning: some distributions may apply in more than one
case, while othersnot at all!

1. the vehicle# of the second vehiclewhichisnot acar.

2. anindicator X, whichis 1 if vehicle#nisacar, O otherwise.
3. vehiclet of the first vehiclewhichisnot acar.

4. time of arriva of first vehicle

5. time of arrival of vehicle #2

6. time between arrival of vehicle #1 and vehicle #2

7. number of vehicles arriving during the first 5 minutes

8. the number of cars among thefirst 10 vehiclesto arrive

Praobability distributions:

A. Binomial E. Erlang
B. Exponential F. Geometric
C. Pasca G. Bernouilli
D. Poisson H. Normal

Write the alphabetic letter corresponding to the numerical value of the following quantities.
9. P{exactly 5 vehiclesarrive during the first minute}

10. P{thefirst non-car isvehicle #5}

11. P{the second non-car is vehicle #8}

12. P{two of thefirst ten vehicles are cars}

13. P{thefirst vehicle arrives during the first 1/5 minute}

14. P{thefifth vehicle arrives during the first minute}

15. P{vehicle#5isnot acar}

Numerical values:

10 z
J. ( 2)(0.2)8(0.8) N. ( ?)(0.88)(0.22)
4
K.1-§ Ses 55
L. (0.8)4(0.2) P. 1-el
M. 5e5 Q. 0.2

R. None of the above

<e>-_<o>-Ko>-Ko>-Ko>-Lo>-<Ko>-<e> Quiz H2 <o>-<o>-<Ko>-<Ko>-_<o>-Ko>-<Ko>-<e>
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____ 1. The"Cumulative Distribution Function" (CDF) of arandom variable X is

a F(x) = P{X=x} b. f(x) = P{x}
c. F(x) = P{XEx} d. f(x) = P{X|x}
e. F(x) = P{X3x} f. f(x) = P{x | X}

2. Thearrival of partsto be processed by a machine is a Poisson process, with the rate 4/hour.
The actual number of parts which arrive during the first hour has the

a. Normal distribution b. Binomial distribution
c. Exponential distribution d. Poisson distribution
e. Uniform distribution f. None of the above
____ 3. Thetime between arrivals of parts in the preceding question has the
a. Normal distribution b. Binomial distribution
c. Exponential distribution d. Poisson distribution
e. Uniform distribution f. None of the above
____ 4. The CDF of the distribution in (3) above, i.e, the inter-arrival times, is
a l-e4 b. et
C. 4eit d. 1-4e4t
e 4-e4 f. None of the above

5. Aninter-arrival time T can be randomly generated by using a uniformly-generated random
variable X and computing

=.InX
aT ) b T = e4X
c. T':'T d T=1-e%
e. Either (a) or (c) f. Either (b) or (d)

The time between arrivals of fifty cars are measured. It isassumed that these observations will have
an exponential distribution with mean of 4 minutes, although the actua average value of the
observations was 3.68 minutes. We wish to decide whether the discrepancy between the assumed
arriva rate (1 every 4 minutes) and the observed arrival rate (1 every 3.68 minutes) is so large asto
disqualify our assumption. The number of observations O; falling within each of several intervals
isshown in the table below. We wish to test the "goodness of fit" of the exponential distribution
with mean 4 minutes, and have prepared the table below:

_ (E; - O

i Interval O P; E; =30p; E;

1 o-1 12 0.221199 11 .06 0.0793934

2 1-2 11 0.17227 2.61351 0.661212

3 2-3 3] 0.134164 B.70221 0.07476E T4

4 -5 3] 0.18526R2 Q.293209 1.16693

2 5-9 10 0.1211 06 9. 05528 0.0925611

& Q-o=| & 0.1053299 5. 26996 0.01328291
total= Z.0952
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A portion of atable of the chi-square distribution is given below:

deg.of Chi-square Dist'n P{D3c?2}
freedom 99% 95% 90% 10% 5%
1%

2 0.0201 0.103 0.211 4.605 5991 9.210
3 0.115 0.352 0.584 6.251 7.815 11.341
4 0.297 0.711 1.064 7.779 9.488 13.277
5 0.554 1.145 1.610 9.236 11.070 15.086
6 0.872 1.635 2.204 10.645 12.592 16.812
7 1.239 2.167 2.833 12.017 14.067 18.475

Indicate whether true or false, using "+" for true, "o" for false.

6. The probability pj that acar arrivesininterval #3,1.e,, [2,3], is F(2) - F(3), where F(t)
isthe CDF of theinterarrival times.

7. The quantity D=2.0952 is assumed to have the chi-square distribution.

8. If the assumption is correct, the arrivals of the cars forms a Poisson process.

9. The chi-square distribution for this test will have 6 "degrees of freedom".

10. The CDF of theinter-arrival timedistributionisF(t) = P{T £ t}

11. The parameter of the exponential distribution was assumed to bel = 1/4 min. =
0.25/minute.

12. If T actually does have an exponential distribution with mean 4 minutes, then (based
upon the table above) the probability that D exceeds 2.0952 is more than 10%.

13. The quantity (Ej-O;)2/E; is assumed to have a"chi-square” distribution.

14. Based upon these observations, the exponentia distribution with mean 4 minutes
should not be rejected as amodel for the interarrival times of the vehicles.

15. The chi-square distribution for this test will have 6 "degrees of freedom".

16. The number of observations O; in interval #i isarandom variable with approximately
binomial distribution with n=50 and probability of "success" p=p;.

17. The quantity E;j isarandom variable with approximately a Poisson distribution.

18. The smaller the value of D, the better the fit for the distribution being tested.

19. The quantity E; isthe expected number of observationsin interval #, if the assumption
istrue.

20. The quantity D isassumed to have approximately a Normal distribution.

21. The degrees of freedom is reduced by 1 because the total number of observationsis
fixed at 50.

22. If T actually does have an exponential distribution with mean 4 minutes, then (based
upon the table above) the probability that D is less than 2.0952 is more than 10%.

<o>-<o>-<o>-<o>-<o>-<o>-Jo>-o> QuiZ #H3 <o>-<o>-<o>-<Ko>-<Co>-<e>-<Ce>-<e>

The"Cumulative Distribution Function” (CDF) of arandom variable X is

a f(x) =P{x|X} d. F(x) = P{X3x}
b. f(x) = P{x} e. f(x) = P{X|x}
c. F(x) = P{X=x} f. F(x) = P{X£Ex}

Suppose that a steel chain is made up of many links. The strength of the chainiis, of
course, the strength of its weakest link, since the chain fails whenever any link fails. A
reasonable assumption for the probability distribution for the strength of the chainis

a Normal distribution d. Welbull distribution
b. Exponentia distribution e. Gumbel distribution
c. Uniform distribution f. None of the above
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4. The CDF, i.e, F(x), of the Gumbel distribution with parametersa anduis

In (-In x)
a e(- ga(x-u) d. u- A
b. 1-ea(xu e 1-4InCinx
. 1 -et? f. None of the above

5. The CDF, i.e, F(x), of the Weibull distribution with parametersk and u is

N é & ko) d u- In (-In x)
b. 1-e k(x-u) & 1-UIn(I;|nX)
c. 1-e(Xuk f. None of the above

____ 6. The"coefficient of variation" of a probability distribution with mean mand variance s2, is

a Vn?+s? b. m?/sz
C. Sz/n? d. Sp
€ n7$ f. none of the above
____ 7.The"Gamma' function isrelated to the factorial function for integers by
a Ql-k =k d. Gk) = (k+1)!
b. Gl+k)=k! e. G1+1)) =k
c. Gk)=k! f. None of the above
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____ 8. Togenerate asingle random number x having a Weibull distribution F(x), you must first
obtain a single random number y uniformly-distributed in the interval [0,1].

obtain two random numbers (x,y) having uniform distribution in [0,1].

Plot arandomly-generated point (X,y), and accept x if yEf(x), otherwise try again.

Derive theinverse of the function F, and compute F-1(y) where y has uniform distribution
in[0,1].

e. Both (@) and (d) aretrue.

f. Both (b) and (c) aretrue.

g. None of the above.

9.

ooow

___ 9. Which of the following figures could possibly represent the cumulative distribution function
F(x) of aWeibull distribution?
1]

0,02 - /

0.01

] a0 100

0.0:2 +

___10. Given aset of data points (xj,Yi), 1I=1,2,...n, "linear regression" is a method for
determining arelationship y = f(x) which

minimizes the sum of the errors a; y; - f(xj)

minimizes the sum of the absolution values of the errors: & |y; - f(xi)|

minimizes the sum of the squares of the errors: &; (y; - f(xi))2

minimizes the maximum error max {y; - f(xj)}

None of the above

oo o

<o>-<o>-<o>-<o>-<o>-<o>-Jo>-o> QUiZ HA <o>-<o>-<e>-<o>-<e>-Ke>-Ke>-Ke>

Statements below refer to today's homework assignment (HW#4).
Indicate "+" for true, "0o" for false:
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1. We assumed in this HW that the number of motors which have failed at timet , N¢(t), has
aWaeibull distribution.

2. If the assumption of Weibull distribution were correct, aplot of N¢(t) vs.t should be
approximately on astraight line.

3. If you use the Cricket Graph program to fit aline, it will choose the straight line which
minimizes the sum of the squares of the errors, i.e., the sum of the squares of the vertical
distances between each data point and the line.

4. The quantity F(t) is, in theory, the fraction of the motors which have failed at timet (or
earlier).

5. The Weibull CDF, i.e,, F(t), gives, for each motor, the probability that it has survived
(not failed) until timet.

6. If the assumption of Weibull distribution were correct, aplot of InIn 1/R(t) vs. Int
should be approximately on a straight line, where R(t) is the fraction of motors surviving at
timet.

7. The Welbull distribution is usually appropriate for the minimum of alarge number of
nonnegative random variables.

8. A vaueof k greater than 1.0 indicates an increasing failure rate, and k lessthan 1.0
indicates a decreasing failure rate.

9. The method used in this homework to estimate the Weibull parametersu & k does not
require that the motors be operated until al have failed.

10. Given acoefficient of variation for the Weibull distribution (the ratio S/, the
parameter k can be determined.

11. If ten motors are installed in a manufacturing facility, the number still functioning after
200 days has a binomial distribution.

12. If thefailure rate is decreasing, it may be more appropriate to use the Gumbel
distribution than the Weibull.

13. The expected number of machines E; which fail inthetimeinterval [tj-1,ti] is F(t;) - F(ti-

1)

14. In the chi-square goodness-of -fit test, the number of degrees of freedom is equal to the
number of "cells" of the histogram (in this case, 12).

15. According to the results of this homework exercise, the failure rate of the motorsis
decreasing rather than increasing over time.

SHect the letter below which indicates each correct answer:
When plotting the pointsto fit astraight line,

16. The vertical axis should represent ...

17. The horizontal axis should represent ...

18. The dlope of the line should be approximately ...

19. The vertical intercept (y-intercept) of the line should be approximately ...

20. Given Weibull parameters u and k, the quantity uG1+1/x) should be...

at 0. Ry m. shape parameter k

b. Int h. In Ry n. scaleparameter u

c. In1/ i. InYRry 0. mean valuem

d. Inint j. InlnRy p. standard deviation s

e. Inln 1/ k. Inln YR g. Inu

f. klnu I. ulnk r. Ink
<e>-<o>-<o>-<e>-<o>-<o>-<e>-<o> QUIZ #5 <o>-<o>-<o>-<o>-<o>-<o>-<o>-<o>

Note that
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« dl activity durationsin the SLAM network below are constants, and none are random!
* first entity is created at time=0

A

‘ pux ‘&Bmm

ey
6
%

1. InNetwork A, before thefirst created entity, there are how many entities already in the
network?

a. none b. one c. two d. three
e. four f. five g. can't be determined h. NOTA
2. InNetwork A, thefirst entity to leave the system (& isterminated) leavesat time=
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA
3. InNetwork A, thefirst created entity entersthe queue at time=
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA
4. InNetwork A, thefirst created entity begins being served at time =
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA
5. InNetwork B, thefirst entity which cannot enter the queue will arrive a the queue at time
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA
____ 6. InNetwork C, the total number of serversis
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA
7. InNetwork C, the total number of entitieswhich will leave the systemis
ao b. 1 c.2 d.3 ed
f.5 0.6 h. 7 i. 8 j. NOTA

8. In Network C, the smulation will terminate at time=
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ao b. 1 c.2 d.3 ed

f.5 g.6 h. 7 i. 8 j- NOTA
9. InNetwork D, the total number of serversis

ao b. 1 c.2 d.3 ed

f.5 g.6 h. 7 i. 8 j- NOTA
___10. In Network D, the total number of queuesis

ao b. 1 c.2 d.3 ed

f.5 g.6 h. 7 i. 8 J- NOTA
___11. In Network D, thefirst entity to leave the system will leave at time =

ao b. 1 c.2 d.3 ed

f.5 g.6 h. 7 i. 8 J- NOTA

12, In Network D, the total number of entities which will leave the system is
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 J- NOTA
___13. Of thefour SLAM networks, the network in which "blocking" may occur is

a A b.B c.bothC& D d.bothA & B

e.C f. D g. bothB & D h. NOTA
14, Of thefour SLAM networks, the network in which "baking" may occur is

a A b.B c.bothC& D d.bothA & B

e.C f. D g. bothB & D h. NOTA

tirne of first creation

time between creations
L—&T BC
ginitia'l # in queus
1 /e[ ™
g&b&
q

ueue capacity

max created —}

<e>-<o>-<o>-<o>-<o>-<o>-<e>-<o> QUIZ #B <o>-<o>-<o>-<o>-<o>-<o>-<o>-<o>

Markov Chain Model of a Reservoir: A city'swater supply comes from areservoir.
Careful study of thisreservoir over the past twenty years has shown that, if the reservoir was full at
the beginning of one summer, then the probability that it would be full at the beginning of the next
summer is 80%; however, if the reservoir was not full at the beginning of one summer, the
probability that it would be full at the beginning of the next summer is only 40%.
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PB_ 0622 0.312
- |o.6z24 0.376

pt- [0.6752  0.3248
0.5406  0.3504

Expected no.

Dennis L Bricker

of vigite during first 5 stages

ER I B

to
1 2

1(2.55322 1.44672
2(2.893244 Z.10656

First Passage Probabilities |

[ 0.2 0.2
po= | 0.87008 0.32003 stage 1 0.4 u.a}
0.659534 0.34016 L
B stags 2: 0,02 III.:LE-]
Steady State Distribution _D a4 0.08
. 0. 045 0.12%
; P stage X | 0.144 u.um]
1 0.6EGEEEET stage 4: 0-haes g%gfg}
2 0.33333333 | - .
stage S 0.01728 0.08192
Mean Firet Pazzage Times | 0.05184  0.04096
to
£ 1 2
r
° 1155
o 2l2.5 3

1. Over al100-year period, how many summers can the reservoir be expected to be not  full?

a between 30 and 40
d. between 60 and 70

b. between 40 and 50
e. between 70 and 80

c. between 50 and 60
f. NOTA

____ 2. If thereservoir was not full at the beginning of summer '94, what is the expected number of

summers during the next five years ('95-'99) that the reservoir will not be full?
a. lessthanl b. betweenland2 c. between2and 3
d. between 3 and 4 e. between4and5 f. NOTA
3. If thereservoir was not full at the beginning of summer '94, the probability that it will be

full at the beginning of summer '95is
a. between 0 and 0.25 b. between 0.25 and 0.50
d. between 0.75and 1.0 e. NOTA
4. If thereservoir was not full at the beginning of summer '94, the probability that it will be
full at the beginning of summer '96 is
a 0and0.25 b. between 0.25 and 0.50
d. between0.75and 1.0 e. NOTA
5. If thereservoir was not full at the beginning of summer '94, the probability that it will be
not be full again until sometime after '96 is
a. 0and 0.25 b. between 0.25 and 0.50

c. between 0.50 and 0.75

c. between 0.50 and 0.75

c. between 0.50 and 0.75
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d. between 0.75and 1.0 e. NOTA
6. If the reservoir was not full at the beginning of summer '94, the probability that it will be
~not befull again until sometime after '98 is
a 0and0.25 b. between 0.25and 0.50 c. between 0.50 and 0.75
d. between 0.75and 1.0 e. NOTA
7. If thereservoir was not full at the beginning of summer '94, the expected number of years
~until itisfull againis
a lessthanl b. betweenland2 c. between?2and 3
d. between3and 4 e. between4and5 f. NOTA

In response to pressure from the Board of Regents to increase the number of students who complete
their degrees within four years, the Engineering College admissions office has modeled the
academic career of astudent asaMarkov chain:

Each student's state is observed at the beginning of each fall semester. For example, if astudent is
ajunior at the beginning of the current fall semester, thereis an 80% chance that he/she will be a
senior at the beginning of the next fall semester, a 15% chance that he/she will still be ajunior, and
a 5% chance that he/she will have quit. (For ssimplicity we will assume that once a student quits,
he/she never re-enrolls.)

State Description
1 Freshman
2 Sophomore
3 Junior
4 Senior
5 Drop-out
6 Graduate
___ 8. Thenumber of recurrent statesin this model is
a. zero b. one c. two d. three
e. four f.five g. Six h. NOTA
___ 9. The number of transient statesin this model is
a. zero b. one c. two d. three
e. four f. five g. Six h. NOTA
___10. The number of absorbing statesin this model is
a. zero b. one c. two d. three
e. four f.five g. Six h. NOTA

11. If astudent enters the college as a freshman, how many years can he or she expect to
~ spend as a student in the college?
a betweenOand1l b. betweenland2 c. between2and 3
d. between3and4 e betweend4and5 f.between5and6 g. NOTA
12. If astudent enters the college as afreshman, what is the probability that, in the fall
~ semester of the 4th year (i.e., 3 years later), he/sheis asenior?
a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA
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Transition probabilities (P)

£ cted Ho. VWigite to Trangient States
r
a 1| 0.1 0.8 0 o 0.0 ta
mo 2 0 0.4 0,880 0,080
2l 0 0 0.8 0.8 0.05 0 2ﬁ¥\ 1 2 3 4
4l 0 o o 0.1 0,08 0.85 r
5l o o o 01 o o 1| 1.1111111 0.93765432 0.937E5432 0.57791495
gl o o o o0 1 m £ 0 1.4444444  4.4444444  0,93765432
c1 I 1 1.4764706 1.0457515
af 0 1 1 1.4444444
~, 1o
i 4 5 B
f
p 1| 0,01 0.16 0.65 0 0.8 0
o 2| 0 0.04 0.2125 0.62 0.0975 O
m 3|0 1] 0.0225 0.2 0.0975 0.68
4 0 1] 1] 0.04 0.055  0.935
5[ 0 0 0 0 i 0
Bl 0 1] 1] 1] 1] 1
to
1 a 4 5 A Adbzorption Probabilities
£
ro4| o.001 0.024 0.228 0.544 0,103 1]
oozl 0 0.004 0.040375 0,232 0.142625 0.572
m ozl o0 1] 0.003375 0.038 0.102625 0.85 to
4 0 0 0 0.001 0.0555  0.9435 P o &
5[ 0 1] 1] 1] 1 1] .
gl o i i i i 1 o 1| 0.28377220  0.74622771
o 2| 0.16049333  0.83050617
3| 0.11144444 0.88535250
4| 0.055555556 0.94444444
1 2 c 4 5 )
£
ro4| 0,000 0.0032 0.0G61 0.2442 0.2334 0.4624
= I 0.0001 0.00690625 0.0561 0.15659375 0.7303
mozlon 1 0.00050625 0,0065 0.11069375 0.9323
4l 0 1 1 0.0001 0.05555 0.04435
g5l 0 1 1 1 1 1
&l 0 1 1 1 1 1
___13. If astudent enters the college as a freshman, what is the probability that he/she will drop
out before graduating?
a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6

d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA
___14. If astudent transfersinto the college as ajunior, how many years can he or she expect to
spend as a student in the college (not counting years before transfer)?
a betweenOand1l b. betweenland2 c. between2and 3
d. between3and4 e betweend4and5 f.between5and6 g. NOTA
___15. What fraction of the students who transfer in as beginning juniors will eventually
graduate?
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a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA
___16. What fraction of the students who begin as freshman will have graduated in four years?
a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA

<o>-<o>-<o>-<o>-<o>-<o>-Jo>-o> QuiZ HT <o>-<o>-<e>-<o>-<e>-Ko>-<o>-<e>

Birth-Death Processes For each birth-death model of aqueuein diagrams (1) through (8)
below, indicate the correct Kendall's classification from among the following choices. (Note that
some classifications might not be matched with any birth-death diagram, while others might be
matched to more than one!)

a M/M/1 d. M/M/2 g. M/IM/1/4 j. MIM/2/3
b. M/M/4 e M/M/2/4 h. M/M/2/4/4 k. M/M/2/2/4
c. M/M/1/2/4 f. M/IM/4/2 i. M/IM/4/4 |. None of Above

= & & & & & 'B® 8
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An average of 1 car per minute arrive (forming a Poisson process) arrive at the MacBurger's drive-
in window. However, if four or more cars are in line (including the car at the window), an arriving
car will not enter theline (i.e., "balk"). It takes an average of 1.5 minutes (exponentialy
distributed) to serve acar. (Notethat thearrival & servicerates differ fromthose in the HW
assignment!)

9. Labd thetrangtion rates on the birth/death diagram below:

10. Which equation is used to compute the steady-state probability pg? (Note: The arithmetic

iscorrect!)
14941 ,1,1,1_ 1
a —=1+ + =+
Po 3/2 3/2 3/2 3/2 0.2727
b. L=1+1 1
o 413 % % % 0 14281
c. —=1+ + +
Po 3/2 9/ 4 27/8 8]/16 0.3838
d. L =1+ 1 + L + 1 + - 1

Po 23 49 87 16/81 0.0758
e. None of the above

11. What isthe average arrival ratel (in cars/minue)?

3 g
aa pPi=1po cap-=1

i=1 i=0

53_ =1-p dI

'y L

i=0 m

e. None of the above
12. The average number of cars waiting for the drive-in window (not including a car at the
window) is1.83. What is the average time which each car waits?

a 1831 c. 1/1.83
b. 1.83/l d. None of the above

Note: Kendal's notation:
arrival process

SEFVICE DrOcess
# of servers
ma:-: #1in system
\L—# insource population

M1 A man

<o>-<o>_<o>-Ko>-Lo>-<o>-<o>-<o> SOl UtiONS <o>-<o>-<o>-<o>-Ko>-<o>-<o>-<o>

Quiz #1.
Pascal 1. the vehicle# of the second vehiclewhichisnot acar.

Bernouilli 2. anindicator X, whichis 1 if vehicle#nisacar, O otherwise.
Geometric 3. vehiclet of thefirst vehiclewhichisnot acar.
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Exponential 4. time of arrival of first vehicle

Erlang 5. timeof arrival of vehicle #2

Exponentia 6. time between arrival of vehicle #1 and vehicle #2
Poission 7. number of vehicles arriving during the first 5 minutes
Binomia 8. the number of carsamong thefirst 10 vehiclesto arrive

9. P{exactly 5 vehiclesarrive during the first minute}
10. P{thefirst non-car isvehicle #5}
11. P{the second non-car is vehicle #8}
12. P{two of thefirst ten vehicles are cars}
13. P{thefirst vehicle arrives during the first 1/5 minute}
14. P{thefifth vehicle arrives during the first minute}
15. P{vehicle#5isnot acar}

ffol-alro

Quiz#2:
_c_1. The"Cumulative Distribution Function" (CDF) of arandom variable X is

d 2

i
N

a. F(x) = P{X=x} b. f(x) = P{x}

c. F(x) = P{XEx} d. f(x) = P{X|x}

e. F(x) = P{X3x} f. f(x) = P{x | X}

The arrival of parts to be processed by a machine is a Poisson process, with the rate 4/hour.
The actua number of parts which arrive during the first hour has the

a. Normal distribution b. Binomial distribution
c. Exponential distribution d. Poisson distribution
e. Uniform distribution f. None of the above
c__ 3. Thetime between arrivals of partsin the preceding question has the
a. Normal distribution b. Binomial distribution
c. Exponential distribution d. Poisson distribution
e. Uniform distribution f. None of the above
. The CDF of the distribution in (3) above, i.e., the inter-arrival times, is
al-e4 b. et
c. 4eit d. 1-4e4t
e 4-e4 f. None of the above

e 5.

o

+

+

o

+

+

Aninter-arrival time T can be randomly generated by using a uniformly-generated random
variable X and computing

=_.InX
a T s b T = e4X
C.T=-"" d T=1-e4X
e. Either (@) or (¢) f. Either (b) or (d)

6. The probability pj that acar arrivesininterval #3,1.e,, [2,3], is F(2) - F(3), where F(t)
isthe CDF of theinterarrival times.

Should be F(3)-F(2)

7. The quantity D=2.0952 is assumed to have the chi-square distribution.

8. If the assumption is correct, the arrivals of the cars forms a Poisson process.

9. The chi-square distribution for this test will have 6 "degrees of freedom".

10. The CDF of theinter-arrival timedistributionisF(t) = P{T £ t}

11. The parameter of the exponential distribution was assumed to bel = 1/4 min. =
0.25/minute.

12. If T actually does have an exponential distribution with mean 4 minutes, then (based
upon the table above) the probability that D exceeds 2.0952 is more than 10%.

Since P{D37.779}=10%, we have P{D32.0952}>10%
13. The quantity (Ej-O;)2/E; is assumed to have a"chi-square” distribution.
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+ 14. Based upon these observations, the exponentia distribution with mean 4 minutes
should not be rejected as amodel for the interarrival times of the vehicles.

o] 15. The chi-square distribution for this test will have 6 "degrees of freedom".

+ 16. The number of observations O;j ininterval # isarandom variable with approximately
binomial distribution with n=50 and probability of "success" p=p;.

o] 17. The quantity Ej isarandom variable with approximately a Poisson distribution.
Ei isnot arandom variable.

+ 18. The smaller the value of D, the better the fit for the distribution being tested.

+ 19. The quantity E; isthe expected number of observationsin interval #, if the assumption
istrue.

o] 20. The quantity D isassumed to have approximately a Normal distribution.
Chi-Square distribution.

0 21. The degrees of freedom is reduced by 1 because the total number of observationsis
fixed at 50.

+ 22. If T actually does have an exponential distribution with mean 4 minutes, then (based
upon the table above) the probability that D is less than 2.0952 is more than 10%.
Since P{D3 1.064}=90%, we have P{D£1.064}=10% or P{D£2.0952}>10%.

Quiz#3:
_f 1. The"Cumulative Distribution Function" (CDF) of arandom variable X is

a f(x) =P{x|X} d. F(x) =P{X3x}
b. f(x) = P{x} e. f(x) = P{X|x}
c. F(x) = P{X=x} f. F(x) = P{X£Ex}

. Suppose that a steel chain is made up of many links. The strength of the chainiis, of

course, the strength of its weakest link, since the chain fails whenever any link fails. A
reasonable assumption for the probability distribution for the strength of the chainis

a Normal distribution d. Welbull distribution
b. Exponential distribution e. Gumbel distribution
c. Uniform distribution f. None of the above

_a_4. TheCDF, i.e, F(x), of the Gumbel distribution with parametersa anduis

In (-In x)
2 d-eate) dou- T
uln(-Inx)
b. 1-eatcy el
c. 1 -eXu? f. None of the above
The CDF, i.e., F(x), of the Weibull distribution with parametersk and u is
d In (-In x)
a d- e ko) SU-
_uln(-Inx)
b. 1-e k(xu) &1
c. 1-euk f. None of the above

_d_ 6. The"coefficient of variation" of a probability distribution with mean mand variance s2, is

a Vnt+s? b. m°-/82
. Sz/rﬁ- d. %y
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€ n7$ f. none of the above
_b_ 7. The"Gamma' function isrelated to the factorial function for integers by
a Ql-k) =k d. Gk) = (k+1)!
b. G1+k)=k! e. Q1+1)) =k
c. Gk)=k! f. None of the above
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_e_ 8. To generate asingle random number x having a Weibull distribution F(x), you must first
obtain a single random number y uniformly-distributed in the interval [0,1].

obtain two random numbers (x,y) having uniform distribution in [0,1].

Plot arandomly-generated point (X,y), and accept x if yEf(x), otherwise try again.

Derive theinverse of the function F, and compute F-1(y) where y has uniform distribution
in[0,1].

e. Both (@) and (d) aretrue.

f. Both (b) and (c) aretrue.

g. None of the above.
0.

ooow

_C_9. Which of the following figures could possibly represent the cumulative distribution function
F(x) of aWeibull distribution?

1]

0,02 - /

0.01

] a0 100

0.0:2 +

_c_10. Given aset of data points (xj,yi), 1I=1,2,...n, "linear regression" is a method for
determining arelationship y = f(x) which

minimizes the sum of the errors a; y; - f(xj)

minimizes the sum of the absolution values of the errors: & |y; - f(xi)|

minimizes the sum of the squares of the errors: &; (y; - f(xi))2
minimizes the maximum error max {y; - f(xj)}
None of the above

Quiz#4.

_0_ 1. Weassumed in thisHW that the number of motors which havefailed at timet, N¢(t), has
aWaeibull distribution.

oo o
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O

2. If the assumption of Weibull distribution were correct, aplot of N¢(t) vs.t should be
approximately on astraight line.

3. If you use the Cricket Graph program to fit aline, it will choose the straight line which
minimizes the sum of the squares of the errors, i.e., the sum of the squares of the vertical
distances between each data point and the line.

4. The quantity F(t) is, in theory, the fraction of the motors which have failed at timet (or
earlier).

5. The Weibull CDF, i.e, F(t), gives, for each motor, the probability that it has survived
(not failed) until timet.

6. If the assumption of Weibull distribution were correct, aplot of InIn 1/R(t) vs. Int
should be approximately on a straight line, where R(t) is the fraction of motors surviving at
timet.

7. The Welbull distribution is usually appropriate for the minimum of alarge number of
nonnegative random variables.

8. A vaueof k greater than 1.0 indicates an increasing failure rate, and k lessthan 1.0
indicates a decreasing failure rate.

9. The method used in this homework to estimate the Weibull parametersu & k does not
require that the motors be operated until al have failed.

10. Given acoefficient of variation for the Weibull distribution (the ratio S/, the
parameter k can be determined.

11. If ten motors are installed in a manufacturing facility, the number still functioning after
200 days has a binomial distribution.

12. If thefailure rate is decreasing, it may be more appropriate to use the Gumbel
distribution than the Weibull.

13. The expected number of machines E; which fail inthetime interval [tj-1,ti] is F(t;) - F(ti-

1)

14. In the chi-square goodness-of -fit test, the number of degrees of freedom is equal to the
number of "cells" of the histogram (in this case, 12).

15. According to the results of this homework exercise, the failure rate of the motorsis
decreasing rather than increasing over time.

SHect the letter below which indicates each correct answer:
When plotting the pointsto fit astraight line,

_k_16. Thevertical axis should represent ...
b 17. Thehorizontal axis should represent ...
m_ 18. The dope of the line should be approximately ...
_f_19. Thevertical intercept (y-intercept) of the line should be approximately ...
_ 0 20. Given Weibull parameters u and k, the quantity uG1+1/x) should be...
uiz #5:
_c_1. InNetwork A, before thefirst created entity, there are how many entities already in the
network?
a. none b. one c. two d. three
e. four f. five g. can't be determined h. NOTA
_c_2. InNetwork A, thefirst entity to leave the system (& isterminated) leaves at time =
ao b. 1 c.2 d.3 ed
f.5 g.6 h.7 i. 8 j. NOTA
_a_3. InNetwork A, thefirst created entity entersthe queue at time=
ao b. 1 c.2 d.3 ed
f.5 g.6 h.7 i. 8 j. NOTA
_e 4. InNetwork A, thefirst created entity begins being served at time=

ao b.1 c.2 d3 e 4
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f.5 g.6 h. 7 i. 8 j- NOTA
_b_ 5. In Network B, thefirst entity which cannot enter the queue will arrive at the queue at time
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
_C_6. InNetwork C, the total number of serversis
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 J- NOTA
_C_7. InNetwork C, the total number of entities which will leave the systemis
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
_c_8. InNetwork C, the simulation will terminate at time=
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
~d_9. InNetwork D, the total number of serversis
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
_c_10. In Network D, the total number of queuesis
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
_d_11. In Network D, thefirst entity to leave the system will leave at time =
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 j- NOTA
_h_12. In Network D, the total number of entities which will leave the system is
ao b. 1 c.2 d.3 ed
f.5 g.6 h. 7 i. 8 J- NOTA
_f 13. Of thefour SLAM networks, the network in which "blocking" may occur is
a A b.B c.bothC& D d.bothA & B
eC f. D g. bothB & D h. NOTA
_b 14, Of thefour SLAM networks, the network in which "baking" may occur is
a A b.B c.bothC& D d.bothA & B
eC f. D g. bothB & D h. NOTA
Quiz #6.
_a_ 1. Over al100-year period, how many summers can the reservoir be expected to be not full?
a. between 30 and 40 b. between 40 and 50 . between 50 and 60
d. between 60 and 70 e. between 70 and 80 f. NOTA

_C_2. If thereservoir was not full at the beginning of summer '94, what is the expected number
of summers during the next five years ('95-'99) that the reservoir will not be full?
a lessthanl b. betweenland2 c. between2and 3
d. between 3 and 4 e. between4and5 f. NOTA

_b 3. If thereservoir was not full at the beginning of summer '94, the probability that it will be
full at the beginning of summer '95is
a. between 0 and 0.25 b. between 0.25and 0.50 c. between 0.50 and 0.75
d. between 0.75and 1.0 e. NOTA

_C_4. If thereservoir was not full at the beginning of summer '94, the probability that it will be
full at the beginning of summer '96 is
a 0and0.25 b. between 0.25and 0.50 c. between 0.50 and 0.75
d. between 0.75and 1.0 e. NOTA

_b 5. If thereservoir was not full at the beginning of summer '94, the probability that it will be

not be full again until sometime after '96is  1- (fh +13)=1-0.4-0.24=0.36
a. 0and0.25 b. between 0.25and 0.50 c. between 0.50 and 0.75
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d. between0.75and 1.0 e. NOTA
_a_6. If thereservoir was not full at the beginning of summer '94, the probability that it will be
not be full again until sometime after '98 is
1-(f3, +f3, +f3, +4)=1-04-0.24-0.144- 0.0864 » 0.13
a 0and0.25 b. between 0.25and 0.50 c. between 0.50 and 0.75
d. between0.75and 1.0 e. NOTA
_C_ 7. If thereservoir was not full at the beginning of summer '94, the expected number of years
until itisfull againis Mz = 2.5

a lessthanl b. betweenland2 c. between?2and 3

d. between3and 4 e. between4and5 f. NOTA
_C_ 8. The number of recurrent statesin thismodel is

a. zero b. one c. two d. three

e. four f. five g. SiX h. NOTA
_e_ 9. The number of transient statesin this model is

a. zero b. one c. two d. three

e. four f. five g. SiX h. NOTA
_C_10. The number of absorbing statesin thismodel is

a. zero b. one c. two d. three

e. four f. five g. SiX h. NOTA

_d_11. If astudent enters the college as afreshman, how many years can he or she expect to
spend as a student in the college?

€1 +ep +e3+ey=1111+0.9876 + 0.9876 + 0.8779 » 3.96
a betweenOand1l b. betweenland2 c. between2and 3
d. between3and4 e betweend4and5 f.between5and6 g. NOTA

_C_12. If astudent entersthe college as a freshman, what is the probability that, in the fall

semester of the 4th year (i.e.,, 3 years ater), helsheisasenior? Pis = 0.544
a between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA

_b 13. If astudent enters the college as a freshman, what is the probability that he/she will drop
out before graduating? a5 = 0.2538

a. between 0and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA

_C_14. If astudent transfersinto the college as ajunior, how many years can he or she expect to
spend as a student in the college (not counting years before transfer)?
€33 + €31 = 1.1765 + 1.0457 = 2.222
a betweenOand1 b. betweenland2 c. between?2and 3

d. between3and4 e betweend4and5 f.between5and6 g. NOTA
_e_15. What fraction of the students who transfer in as beginning juniors will eventually
graduate?
s = 0.8888
a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA

_C_16. What fraction of the students who begin as freshman will have graduated in four years?

ple = 0.4624
a. between 0 and 0.2 b. between 0.2 and 0.4 c. between 0.4 and 0.6
d. between 0.6 and 0.8 e. between 0.8 and 1.0 f. NOTA

<0>-<0>-<0>-<0>-<0>-<0>-<0>-<0>-<0>-<0>-<0>-J0>-<o>-<o>-< 0 >-o >
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