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M.E. INFORMATION TECHNOLOGY FIRST YEAR FIRST SEMESTER - 2025
PROBABILITY, STATISTICS AND STOCHASTIC PROCESS
Times: 3hr ‘ Marks: 100

CO1: (I) 30 Marks

A. Suppose that X takes values between 0 and 1 and has probability density function 2x.
Compute Var(X) and Var(X?). (5)

B. Suppose 100 people all toss a hat into a box and then proceed to randomly pick out of a
hat. What is the expected number of people to get their own hat back? (8) '

C. Suppose you are taking a multiple-choice test with ¢ choices for each question. In
answering a question on this test, the probability that you know the answer is p. If you don't
know the answer, you choose one at random. What is the probability that you knew the
answer to a question, given that you answered it correctly? (8)

D. The Randomizer holds the 6-sided die in one fist and the 8-sided die in the other. The Roller
selects one of the Randomizer’s fists and covertly takes the die. The Roller rolls the die in
secret and reports the result to the table. Given the reported number, what is the probability
that the 6-sided die was chosen? (Find the probability for each possible reported number.)

€))
CO2: (II) 20 Marks

A. Suppose that the cdf of X is given by:

0 fora<0
Jor0<a<2
Fa) = gfarzsaa
1 fora2d.

Determine the pmf of X. (3)
B. If birth 'weights in a population are normally distributed with a mean of 109 oz and a standard

deviation of 13 oz, (6)
a. What is the chance of obtaining a birth weight of 141 oz or heavier when sampling birth records

at random?
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b. What is the chance of obtaining a birth weight of 120 or lighter?
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C. If a disease is fairly rare and the antibody test is fairly expensive, in a resource-poor region, one
strategy is to take half of the serum from each sample and pool it with n other halved samples, and
test the pooled lot. If the pooled lot is negative, this saves n-1 tests. If it’s positive, then you go
back and test each sample individually, requiring n+1 tests total. (6)

a. Suppose a particular disease has a prevalence of 10% in a third-world population and
you have 500 blood samples to screen. If you pool 20 samples at a time (25 lots), how
many tests do you expect to have to run (assuming the test is perfect!)?

What if you pool only 10 samples at a time?

c. 5 samples at a time?

D. Find the probability of getting at least 5 times head-on tossing an unbiased coin for 6 times by
using the binomial distribution. (5)
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CO3+ CO4 : (III) 20 Marks

A. Explain the concept of random sampling and measure central tendency, correlation, and
regression. (5)
B. A teacher recorded the following test scores for her class: [85, 78, 92, 88, 84, 90, 79, 81,
87, 93, 78, 84]. (6)
a. Calculate the mean score. -
b. Determine the median score.
c. Identify the mode(s) if any.
~ C. Find covariance for following data x = {6,5,3,4,2},y = {12,10,8,6,4} (3)
D. Which of the following is true for the coefficient of correlation? (Explain) (2)
~a. The coefficient of correlation is not dependent on the change of scale
b. The coefficient of correlation is not dependent on the change of origin
c. The coefficient of correlation is not dependent on-both the change of scale and
change of origin
d. None of the above
E. . Which of the following techniques is an analysis of the relationship between two variables
to help provide the prediction mechanism? (Discuss) (2)
a. Standard error
b. Correlation
c. Regression
d. None of the above
F. If change in one variable results in a corresponding change in the other variable, then the
variables are..........o.rvveeeene. (Explain) (2) '
a. Correlated
b. Not correlated
c. Any of the above
d. None of the above

CO5: (IV) 30 Marks

A. I have 4 umbrellas, some at home, some in the office. I keep moving between home and
the office. I take an umbrella with me only if it rains. If it does not rain I leave the umbrella
behind (at home or in the office). It may happen that all umbrellas are in one place, I am at
the other, it starts raining and must leave, so I get wet.

a. If the probability of rain is p, what is the probability that I get wet?
b.. Current estimates show that p = 0.6 in Edinburgh. How many umbrellas should I have so that,
if I follow the strategy above, the probability I get wet is less than 0.1? (12)
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OR

Assume that a man’s profession can be classified as professional, skilled labourer, or unskilled
labourer. Assume that, of the sons of professional men, 80 percent are professional, 10 percent are
skilled labourers, and 10 percent are unskilled labourers. In the case of sons of skilled labourers,
60 percent are skilled labourers, 20 percent are professional, and 20 percent are unskilled. Finally,
in the case of unskilled labourers, 50 percent of the sons are unskilled labourers, and 25 percent
each are in the other two categories. Assume that every man has at least one son, and form a
Markov chain by following the profession of a randomly chosen son of a given family through
several generations. Set up the matrix of transition probabilities. Find the probability that a
randomly chosen grandson of an unskilled labourer is a professional man. (12)

B. Discuss the nature of the following Process:

A bus taking students back and forth between the dormitory complex and the student union arrives
at the student union several times during the day. The bus has a capacity to seat K persons. If there
are K or fewer waiting persons when the bus arrives, it departs with the available number. If there
are more than K waiting, the driver allows the first K to board, and the remaining persons must
wait for the next bus. The university administrators would like to know at each time period during
the day how many students are left behind when a bus departs. (9)

C. Illustrate an application of the Hidden Markov Model in Natural Language Processing with an
example. (9)




