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Programmable calculators are not allowed. Do not write anything on the question paper.

Answer all 3 (three) questions. Figures in the right margin indicate full marks of questions whereas
corresponding CO and PO are written within parentheses.

1. Consider a centralized wireless network where collision of packets are avoided by TDMA (Time-
Division Multiple Access) scheduling. The success (or failure) of a packet delivery depends only
on the wireless channel condition. If the wireless channel quality is good, the probability that a
transmitted packet will be successfully delivered is 0.8. In contrast, if the wireless channel quality
is poor, the probability that a transmitted packet will be successfully delivered is 0.6. Assume that
the channel quality remains unchanged for a certain amount of time and after that it changes
from the good state to the poor state and vice versa. Suppose the probability that the channel
quality is good at a random time is 0.75 and the probability that the channel quality is poor is
0.25. Assume further that the probability of success (or failure) of a transmitted packet, at a
certain channel quality (good or poor), is independent of the other packets transmitted at the
same time instant (i.e., at the same channel quality).

a) Suppose the delivery status of five randomly selected packets is inspected at a certain time. 1047
Assume the channel quality is same during this time, i.e., the channel quality is either good (cO1)
or poor, but it does not change during this time. (PO1)

i. Find the probability that four of the five transmitted packets are delivered successfully.

ii. Find the posterior probability that the channel condition was good at that time, given
that four of the five transmitted packets were delivered successfully.

b) Suppose that the delivery status of one additional packet, which was delivered at the same 8 + 5
time, is inspected again. (Con)
i. Find the probability that the additional inspected packet is delivered successfully using  (PO1)

the conditional law of total probability.

ii. Find the new posterior probability that the channel condition was good at that time,

given that four of the first five and the additional inspected packets were delivered suc-
cessfully using the conditional Bayes theorem.

2. A computer executes two types of tasks, priority and non-priority, and operates in discrete time
units (slots). A priority task arises with probability p at the beginning of each slot, independently
of other slots, and requires one full slot to complete. A non-priority task is executed at a given slot
only if no priority task is available. In this context, it may be important to know the probabilistic
properties of the time intervals available for non-priority tasks.

With this in mind, let us call a slot busy if within this slot, the computer executes a priority task,
and otherwise, let us call it idle. We call a sequence of idle (or busy) slots, surrounded by busy
(or idle, respectively) slots, an idle period (or busy period, respectively).

a) Let T denote the time index of the first idle slot. Write down the PMF of T and justify it in 6
no more than two sentences. (comn
(PO1)

b) Suppose a non-priority task requires 5 slots to complete it. Assume no other non-priority 7

task is present, and if any new non-priority task arrives, it will wait until this task is finished.  (C02)

e Let § denote the number of stots required to complete the task. Write down the PMFof S (PO2)

and justify it in no more than two sentences.
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c) Find the probability that there will be 10 busy slots before 5 idle slots.

3. Suppose that a professor will take a lab viva of five students one after another. The number of

minutes required by any particular student to complete the viva has the exponential distribution
for which the mean is 30. Suppose that the examination begins at 9:00 a.m.

a) Determine the probability that the first student will complete the examination before 9:40
a.m.

b) Determine the probability that it will be at least 11:00 a.m. to complete the viva of the first
three students.

c) Find the expected time required to complete the viva of all five students.

(CO2)
(PO2)

(co1)
(PO1)

10
(Co2)
(PO2)

(cou)
(PO1)
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Necessary Formulas

Law of P[AB] = P[A|B]P[B] = P[B|A]P[A]
Multiplication

Law of Total

Probability P[A] = Z P[A|B,]P[B/]

Bayes™ Theorem

P[B|A] =

EAIB IP[Bi]

PLAIBP[E]

Expectation of X E[X] = Z x Py(x) = J m:c fr(x)dx
XESy =5
Variance of X V[X] = E[X?] — (E[X]?

PMF/PDF. expected value and variance of some known Random Variables

Distribution PMF/PDF Expected value Variance
1=p x=0
Bernoulli  |Py(x) = l P x=1 EiX]1=1p Var(X] =p(1 —p)
0 otherwise
Geometric [P, (x) [ p(1—-p)*" xz21 EXl=1/p | VarlX] = (1 -p)/p?
otherwise
n — =X -
Binomial [ x) = (7" =P t=Lon o | VarlX) = np(l-p)
otherwise
-k _
Pascal  |Py(x) _[ P “a-p)* x=kk+L.\px]=k/p | Var[X] =k(1-p)/p?
otherwise
(AT)" =AT) "
Poisson [Py (x) = f x20 EGEX:] )Trx Var[X] = a
0 otherwise .
™G g
Hyper - (b el ri
Geometric Px(x) = (r :g E[X] r+g
|
: | |
Unifi ) O = a+b b—a)b—a+2
(d::c::::) Py (x) =lb—a+l' %S R84 L8 Gl E[X] = 3 VariX] = ( )(12 )
0, otherwise ‘
; Ae A= x>0 | 1 ey gl
" s Var[X] = 1/4
Exponential fy(x) { 0 otherwise ! Bl A arX] /
1 g |
Gaussian |y (x) = Imge o REnh E[X]=u Var[X] = o2
0 otherwise
. 1
Uniform IR [ B a<x<h ' a+b (b—a)?
. fr{-'f)=1b—a = E[X] Var[X] =
(Continuous) 0, otherwise 2 12
|
|
Ae=¥(Ax)r . ;
Gamma filn) = . T | E[X] ViXl=23
| 0, otherwise i
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