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mmmmmmmm PART ONE mmmmmmmm

In the game of "craps’, weroll apair of six-sided dice.

* Onthefirst throw, if weroll a7 or an 11, we win right away.

o If, onthefirst throw, weroll a2, 3, or 12, we lose right away.

* If, however, wefirst roll a4, 5, 6, 8, 9, or 10, then we keep rolling the dice until either
* weget a7 (in which case welose), or
* we get again the total which wasrolled on the first throw (in which case we win)

Model acrap game asaMarkov chain:
state 1 : initial state, before rolling thefirst time,
state 2 : a4 or 10 was rolled on the first throw
state 3: a5 or 9 wasrolled on thefirst throw
state 4: a6 or 8 wasrolled on thefirst throw
state 5 : win,
state 6 : loss.
Thetransition probability matrix is:
O 6/36 8/36 10/36 8§36 436y

& 27/36 0 0 336 6/360
5 €@ 0 26/36 0 4/36 6/36U
& 0 0 2936 536 636"
% o o0 o 1 ol
é G
@ 0 0 0 0 190
A = Absorbing Probabilities E = Expected NO. Visitsto Transient States
fo f
ro| r
o | 5 6 o| 1 2 3 4
m | M |-=== =mmmmmmmmmmee e
1 | 0.49292929 0.50707071 1|1 0.6666667 0.8 0.90909091
2 | 0.33333333 0.66666667 2|0 4 0 0
3104 0.6 3]0 O 3.6 0
4 | 0.45454545 0.54545455 4]0 O 0 3.2727273
Assume that you are the person who isto roll the dice.
1. What isyour probability of winning? (choose nearest value)
ao b. 33% c. 49%
d. 50% e. 51% f. 66%
2. Ifyourfirstroll isa"5", what is your probability of winning? (choose nearest value)
ao b. 20% c. 40%
d. 50% e. 60% f. 80%
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3. Ifthefirstroll of thediceisa"5", how many additional rolls are expected in the game?

(choose nearest value)
a one b. two c. three
d. four e. five f. six
____4.Which vaue of thefirst roll has the highest probability of winning?
a four b. five C. SiX
d. eight €. nine f. ten
____ 5. What is the expected number of rolls of the dice in acrap game? (choose nearest value)
a one b. two c. three
d. four e. five f. six
____ 6. Which states are transient?
al b. 2,3,4 c. 1,234
d. 56 e. 1,2,3,4,5,6 f. NOTA
____ 7. Which gtates are recurrent?
al b. 2,3,4 c. 1,234
d. 56 e. 1,2,3,4,5,6 f. NOTA

mmmmmmmm PART TWO mmmmmmmm

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/M/1/4 j- MIM/2/3
b. M/M/4 e. M/M/2/4 h. M/M/2/4/4 k. M/IM/2/2/4
c. M/IM/1/4/4 f. M/M/4/2 i. M/M/4/4 [. None of Above
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3 6 3 3 56 3 3

mmmmmmmm PART THREE mmmmmmmm
A machine operator has the task of keeping three machines running. Each machine runsfor an
average of one hour before it becomes jammed or otherwise needs the operator's attention. He then
spends an average of ten minutes restoring the machine to running condition. Define a continuous-
time Markov chain, with the state of the system beingthe number of machines which are not running.
1. True or False (circle): ThisMarkov chain is abirth/death process.
2. Specify the letter for each of the transition rates:

lo_____ l1__ lo__
m__ m__ -
An Ay Aa
OROERONO
B Hz M
a. lhr b. 2/hr c. 3/hr
d. 4/hr e. 6/hr f. 8/hr
g. 12/hr h. 18/hr i. None of the above

3. Which equation is used to compute the steady-state probability pg?

-1
(@) po = |0+|O|1+|O|1|2) @) py=1+l04liyl2
m o mnm mmn m m oy
1o, lol1 lolal Lo (12 (1)
(b) 1 -74"0,7001,000202 (f) po=1+["0| +|-L] +[-2
Po m mn mmn m/ \m (m
2 3
€) Loqg4loylade @)L —q4(lo| 4fla) 4|2
Po m m oy Po m/ \m) |m
141041100
00 = s 12 13
(d) 14, M m (h.) None of the above
m m m
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4. What is the relationship between pg and p1 for this particular system?
a P1=Po b. P1=2po c. P1=6po

d. pi= %po e Pi= %po f. None of the above

____ 5. If theaverage number of machinesnot running (i.e., the number in the queueing system of
the operator) is approximately 0.5 and the average number of machine jams per hour is 2.5
(i.e., approximately one every 0.4 hr., what is the average turnaround time (waiting time plus
operator's service time) to restore a machine to running condition? (Choose nearest answer.)
a. 0.1 hour b. 0.2 hour c. 0.3 hour
d. 0.4 hour e. 0.5 hour f. 0.6 hour

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

1

A 0 2 0 1 1
AN VARSI
1 InNetwork A, before thefirst created entity, there are how many entities are already in the
network?

a. none b. one c. two d. three

e. four f. five g. can't bedetermined h. NOTA
2. InNetwork A, thefirst entity to leave the system (& isterminated) leavesat time=

ao b.1 C.2 d.3 ed

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

Mw @ ®2m }OW

4. InNetwork B, thefirst created entity beginsbeing served attime=

ao b.1 C.2 d.3 e 4

f.5 0.6 h.7 i. 8 j. NOTA
5. InNetwork B, the total number of entities which will leave the system is

ao b.1 C.2 d.3 e 4

f.5 g.6 h.7 i. 8 j. NOTA

ot

LN

2
2o( e
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____ 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 queuesis

ao b.1 C.2 d.3 ed

f.5 0.6 h.7 i. 8 j. NOTA

—

LE e

8. InNetwork D, 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
___ 9. InNetwork D, the smulation will terminate at time=

ao b.1 C.2 d. 3 ed

f.5 g.6 h.7 i. 8 j. NOTA
___10. InNetwork 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
11, 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
___12. Of thefour SLAM networks, the network in which "balking" may occur is

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

eC f. D g. bothB & D h. NOTA

mmmmmmmm PART FIVE mmmmmmmm

____ 1. The"Cumulative Distribution Function" (CDF) of arandom variable X is defined to be

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£x}
__ 2. The"Rediability" function of system with random lifetime X is defined to be
a R(x) =P{x|X} d. R(x) = P{X3x}
b. R(x) = P{x} e. R(x) = P{X|x}
c. R(x) = P{X=x} f. R(x) = P{X£x}

___ 3. Supposethat asteel chain is made up of many links. The strength of the chain is, 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. Weibull distribution
b. Exponential distribution e. Gumbel distribution
c. Uniform distribution f. None of the above

____4. TheCDF, i.e., F(x), of the Gumbel distribution with parametersaand uis

In (-Inx)
a é_ e_a(x_u)) d u- ﬁ )

uln(-Inx
b. 1-eaXy e 1- a
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c. 1 -elXu?

f. None of the above

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

a e( e k(x-u))

b. 1-e k(xu)
c. 1 -e'(X/U)k

d u- In (-Inx)

_uln(-Inx)
k
f. None of the above

el

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

a Vnf+s2

C. Sz/nng

e M.

2

\ )

S

d ¥y

f. none of the above

____7.The"Gamma" function Gisrelated to the factorial function for integers by

a G1l-k) =k
b. G1+k) =k!
c. Gk)=k!

d. k) = (k+1)!
e d1+¥)) =k
f. None of the above

8. Given aset of datapoints (xj,y), i=1,2,...n, "linear regression” is a method for determining

arelationshipy = f(x) which

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

a. minimizes the maximum error max {y; - f(x;)}

b.

c. minimizesthe sum of the errors & y; - f(x;)

d. minimizes the sum of the squares of the errors: & (y; - f(xj))2
e. None of the above

mmmmmmmm PART SIX mmmmmmmm

Match SLAM diagram (A through|) & Queue Classification. If "none”, indicate "N"

M/M/1
M/M/1/2
M/G/1
M/M/4
_ MIM/2/4
EXPONCZ)

EXPON4 )

A
—

C
=,

®

EXPOMIZ)

EXFONCE)

iy

S
=

@
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\ (4) 8) 6 Q[\ T i (4) 6
ExPOMNC4 EXPOM4 ExPOMN( 4
@ =D O @5 ®

EXPONCZ) EXPONCZ)
D Q[\ £ ExPONCA) I Q[\ £y ERPON4)

mmmmmmmm PART SEVEN mmmmmmmm

Thefollowing SLAM network was used to simulate a system consisting of six components (where

thetime units are days). Refer to the output for five hundred runsto find (or estimate) the quantities

below:
1. The average lifetime of the system.

2. The probability that the system survives 800 days.

3. The time which the first failure occurred.

4. Thereliability of the system if its designed lifetimeis specified to be 60 days.

EXPONE 4000
ExPON{AO0)
ExPOM{&00]

EXPONC2000)  f FIRST|FaIL >—>®ﬂ/\/‘—>'

e pwpoN(200D) ] AL

EXPONC 4000}
____ 5. Thediagram representing the system reliability is

A - B

**STATI STI CS FOR VARI ABLES BASED ON OBSERVATI ON* *
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MEAN STANDARD CCEFF. OF M N MUM MAXIMUM NO. OF

VALUE  DEVI ATI ON VARI ATION  VALUE VALUE oBS
FAI L TI ME 0. 489E+03 0. 381E+03 0. 780E+00 0. 209E+00 0. 217E+04 500
H STOGRAM NUMBER 1**
FAIL TI ME

OBS RELA  UPPER
FREQ FREQ CELL LIMO 20 40 60 80 100
+ + + + + + + +
32 0.064 0.500E+02 +*** +
34 0.068 0. 125E+03 +*** C +
65 0.130 0. 200E+0Q3 +******* +
44 0.088 0.275E+03 +**** C +
41 0.082 0.350E+03 +**** +
44 0.088 0.425E+03 +**** +
49 0.098 0.500E+03 +***** +
30 0.060 0.575E+03 +*** +
30 0.060 0. 650E+03 +*** +
20 0.040 0. 725E+03 +** C +
19 0.038 0. 800E+03 +** C +
12 0.024 0. 875E+03 +* C +
15 0. 030 0. 950E+03 +** C +
14 0.028 0. 103E+04 +* C +
7 0.014 0. 110E+04 +* c +
8 0.016 0.118E+04 +* c +
7 0.014 0. 125E+04 +* C +
9 0.018 0. 133E+04 +* C+
5 0.010 0. 140E+04 +* C +
4 0.008 0.148E+04 + C+
3 0.006 0.155E+04 + C+
8 0.016 I NF +* C
--- + + + + + + + + + + +
500 0 20 40 60 80 100

Using the mean and standard deviation from the simulation output, the Weibull parameters
U=528.961 and k=1.29394 are determined.

6. According to thisresult, thefailurerateis
a zero b. increasing C. decreasing
d. constant e. cannot be determined from the information given

Based upon the cumulative probability function F(t) for this Weibull distribution, the following
probabilities and expected values for each cell were calculated, wheret; isthe upper limit of the cell.
The cells at the upper end were grouped, as indicated by the horizontal lines, so asto obtain amore
even distribution of observations. Next we calculate for each cell (or group of cells) the square of the
deviation of O from E, and divide by E, and then sum to obtain the chi-square statistic in the table on

theright:
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i tj Fi E; 0y t E n I

1 50 0.04615 23.07647F ad G0 23, 0TRLT a7 2 4GRS
2 125 0.09713 48.55294 34 175 48 FE204 4 4 .36710
5 200 0.10402 S52.009Z27 BB =00 5200927 B5 3 .74479
4 275 0.10151 50.75408 44 i 50.754058 44 0.29380
3 2510 0.02467  47.33290 di 50 47 33200 41 0.24731
f 425 0.02577 42.88484 dd 475 42, aodad 4 0. 02900
7 500 007610 33.05003 49 B0 20, 05003 49 2 15116
a 575 0.06643 323.21305 20 575 23 .71305 a0 0.31023
q B50 0.05721 Z28.60495 30 B5 0 25 RB0495 30 0. 0RS 0
in TZ5 0.04871 24.35T46 20 200 44.89371 39 0.77373
11 200 0.04107 20.53625 19 1026 43 40869 44 0.10315
12 a75s 0.0234233 17.163023 12 Q0 47 . 50906 51 0.25051
13 a50 0.02846 14.23084 15

14 1025 0.02343 11.71482 14 SUM | =00 500 17.5011
15 1400 0.01946  9.57920 7

16 1175 0.01557  7.78500 2

17 1250 0.01253 A.29178 T

18 1325 n.01011 5.05699 9

19 1400 0.00809  4.04392 ]

20 1475 0.00644  3.218Z25 4

21 1550 0.00510  2.54946 3

7. The number of degrees of freedom for the chi-square goodness-of -fit test is

a 10 b. 11 c.12 d. 13
e 14 f. 15 g. 16 h. NOTA

The chi-square probability table indicates that with this# of degrees of freedom, if the system
lifetime does have the Weibull distribution with the parameters above, P{D>16.919} isa=5%.

8. Based upon thisvalue, should we accept for the system lifetime the Weibull distribution model
with the parameters U=528.961 and k=1.293947? (circle. Yes/ No/ Maybe)
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