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Problem 1 (25 pts) — For each of the following parts, provide a short answer in the space
provided. Show your work and a justification for your answer to get partial credit.

Part A (12 pts):
1. Given two events A, and B how would you test if they are independent?
il. How would you test if they are mutually exclusive?
1il. Can an event be both mutually exclusive and independent? Explain with a coin

toss example.

1v. Given three events A, B, and C, briefly but clearly state what is meant by A, B,
C are pairwise independent but NOT mutually independent.

Part B (7 pts): Let 7 be a random variable representing the measurements collected from
a wireless sensor. The pdf and cdf of T are plotted below, and we have: P(X < 240) =
0.9938.
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1. Is random variable 7 discrete or continuous?

1. Name the distribution of T

1il. What are the parameters of the distribution of 77

1v. Write the pmf or pdf of 7=

Part C (6 pts):

1) Suppose that the lifetime of a system is denoted by a continuous random
variable X, with its corresponding pdf. Given that the system has been
operational for N hours, write an expression for the probability of the system
being operational for an additional time of at least 10 more hours.

i1) For the same example, now you are told that X is distributed exponentially with
parameter A. Demonstrate the memoryless property, using this information.



Name: 4

Problem 2 (20 pts) —

An aircraft can be completely navigated using an Inertial Navigation System (INS). If the
INS fails, the aircraft can be navigated using the combination of the Doppler and the
attitude heading and reference system (AHRS). The system contains three AHRS units, of
which, at least two are needed.

Part A. (6 pts) Draw the reliability block diagram of the system.

Part B. (7 pts) Derive an expression for the reliability of the system using the information
given in the table below:

Component Reliability
INS (Ry)
AHRS (Ra)
Doppler (Rp)

Part C. (7 pts) Assume that when the Inertial Navigation System (INS) fails, switching to
the AHRS/Doppler system happens with a probability of p. Modify the reliability diagram
in (A) and the expression for reliability in (B).
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Problem 3 (15 pts) — Smart phones devices connect via a router which is connected to a
Cloud system. The smart phones users periodically save their data on the cloud. The
probability that any device is ready to transmit is 0.15. The router will periodically poll the
phones connected to it to see if they are ready to transmit.

Let X = number of devices polled until the first ready device is located.

Part A. (6 pts) What is the probability that the first transmission does not occur in the first
five polls?

Part B. (9 pts) What is the minimum number of devices that must be polled by the router
to ensure that the probability of transmission is at least 0.75?
(Utilize the natural logarithm table provided at the end of the exam)
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Problem 4 (18 pts) — In mini-project 2, you implemented a detector for patient
monitoring. The (not so ideal) detector you implemented can produce errors at
certain instances (false alarms and miss-detections). Recall that,

a. Afalsealarm corresponds to the case where an alarm (“1”) is generated based
on processed input data for an interval, given that no patient abnormalities
(“0” in the golden alarms) exist.

b. A miss-detection corresponds to the case where no alarm (“0”) is generated
based on processed input data for an interval, given that a patient
abnormality (“1” in the golden alarms) exists. (Note that both are conditional
probabilities)

The detector produces false alarms with a probability p and miss-detections with a
probability q. Real abnormalities in a patient (“1” in the golden alarms) occur with a
probability r.

Part A. (5 pts) Define the events ‘There is a real abnormality’ and ‘The detector raises
an alarm’ as the events ‘A’ and ‘D’, respectively. Now express the probabilities p and g
in terms of events ‘A’,‘A’, ‘D’ and ‘D’.

Part B. (8 pts) Find the probability that the patient does not have an abnormal
condition (“0” in the golden alarms), given the detector raised an alarm. (Note that
this conditional probability is not p)

Part C. (5 pts) What is the probability of error?
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Problem 5 (22 pts): Recall that you implemented in Miniproject 02, a majority vote
based abnormality detector using three alarm generators. In this problem, we are
dealing with a slightly different situation. Suppose that there are 3 patients (A, B and
C) in the ICU and each patient is attached to a monitor. For simplicity, we assume
patient monitors generate alarms arbitrarily with probabilities P, = 0.002, Pz =
0.003 and P, = 0.001 during a given unit time of 1-minute. Assume that the three
monitors generate alarms independent of each other.

A central unit monitoring the ICU produces a binary output every minute depending
on whether or not there is an alarm (i.e., “1” if at least one alarm from A or B or C, “0”
otherwise).

Part A. (6 pts)
i. What random variable describes the central monitoring unit’s output?

ii. What is the probability that central monitoring unit’s output is 1 in any
given minute?

Part B. (16 pts) The seriousness of the patients in the ICS is determined by the
number of alarms generated. As such, the physician is interested in the probability
(P(X>20)) of having greater than 20 alarms in one hour (60 mins). Initially, the
physician derives the probability using a binomial distribution.

i. Write the expression for P(X>20)

il. A ECE313 student advises the physician to approximate the distribution
for X as another discrete distribution. Name the distribution and write the
pmf?
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iil. Write the equation for P(X>20) using one of the two distributions of your
choice.
iv. Considering the 60-minute interval, assume that there were 20 alarms in

the first 45 minutes, what is the probability that the patients in the ICU will
not be considered as serious.
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Reading the log table:

E.g. log (0.04) = -3.21888, log (0.54) = -0.61619

TABLE Il  The Natural Logarithm (Base e)
x In x x In x x In x x In x
01 -4.60517 0.50 -0.69315 .00 0.00000 1.5 0.40547
02 -3.91202 51 67334 1.01 00995 1.6 7000
03 50656 52 65393 .02 .01980 1.7 0.53063
04 21888 53 .63488 .03 .02956 1.8 8779
54 61619 .04 .03922 1.9 0.64185
05 -2.99573 55 50784 105 .04879 2.0 9315
06 81341 56 57982 1.06  .05827 2.1 0.74194
07 65926 57 56212 .07 .06766 2.2 8846
08 52573 58 54473 1.08  .07696 23 0.83201
09 40795 59 52763 .09  .08618 2.4 7547
0.10  -2.30259 0.60 -0.51083 110 .09531 25 091629
A1 20727 61 49430 111 .10436 2.6 5551
A2 12026 62 47804 L12 .11333 2.7 9325
A3 04022 63 46204 L1322 2.8 1.02962
14 -1.96611 64 44629 114 .13103 2.9 6471
15 89712 65 .43078 L15  .13976 3.0 9861
16 83258 66 41552 116 .14842 4.0 1.38629
A7 7719 67 40048 1L17  .15700 5.0 1.60944
A8 71480 68 38366 118 .16551 100 2.30258
19 66073 69 37106 L19  .17395
020  -1.60944 0.70  -0.35667 120 18232
21 56065 1 34249 1.21 .19062
22 51413 72 32850 122 .19885
23 .46968 73 31471 123 20701
24 42712 74 30111 124 21511
25 38629 75 28768 125 22314
26 34707 76 27444 126 23111
27 30033 J7 26136 127 23902
28 27297 78 24846 128 .24686
29 23787 79 23572 129 25464
0.30  -1.20397 0.80 -0.22314 130 26236
31 17118 81 21072 1.31 27003
32 13943 82 19845 .32 27763
33 10866 83 .18633 133 28518
34 07881 84 17435 134 29267
35 -1.04982 85 -0.16252 135 .30010
36 02165 86 15032 136 .30748
37 -0.99425 87 13926 1.37 31481
38 96758 88 12783 138 .32208
39 94161 89 11653 139 .32930
0.40  -0.91629 0.90  -0.10536 1.40 33647
Al 89160 91 09431 1.41 34359
42 86750 92 08338 142 .35066
43 84397 93 07257 143 35767
44 82008 94 06188 144 36464
45 79851 95 05129 1.45 37156
46 77653 96 04082 1.46 37844
47 75502 97 03046 1.47 38526
A8 73397 98 02020 1.48 39204
49 71335 99 01005 1.49 39878
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