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AS1202: ADVANCED STATISTICS Time: 2 hours 30 min Max. Marks: 30

Instructions to students:

1. Do not write anything other than your roll number on question paper.
2. Mention all the assumptions for your answers clearly.

3. Use of non-programmable calculators is allowed.

Q.11 A cloud server handles a sequence of independent tasks. The time taken to 2.0
complete each task is random and follows an exponential distribution with a  (CO3)
mean of 2 milliseconds. Assume all task times are independent and identically
distributed. If the server processes 50 tasks in sequence, what will be the
approximate distribution of the total processing time for all 50 tasks? Justify
your answer.

Q.1.2 LetX = aZ + b, where Z is a standard normal random variable, and a, b are two 2.0

unknown constants. It is given that E[X] = 1, E[(X — E[X])Z] = —2 and (CO1, 2)
E[(X — E[X])?*] = 4, where E[X] denotes the expectation of random variable X.
Then, find the values of a, b.

Q1.3 Two random variables X and Y have means X =1 and ¥ =2 , variances o =4, (C(2).10 2

oy =1and correlation coefficient p,, =0.4. New random variables V and W are

defined by ¥ =-X+2Y and W =X+3Y, then find the variance of V and
correlation coefficient of Vand W.

Q.21 A private owned liquor store operates both a drive in - facility and a walk-in 5.0
facility on a randomly selected day, let X and Y, respectively, be the proportions (CO1, 2,)
of the time that the drive-in and walk-in facilities are in use, the joint density
function of these random variables is

(%)= %(x+2y); 0<x<1,0<y<l

0 ; elsewhere

a. Calculate the marginal density function for random variable Y.

b. Find the probability that the drive-in facility is busy for half of the time.

c. Find the probability distribution of the proportions of the time that the
drive-in facility is in use.

Q. 2.2 Let X denote number of times a numerical machine will malfunction: 1, 2 or 3 5.0

times on any given day. Let Y denote the number of times a technician is called (CO1, 2,
on an emergency call. The joint probability distribution of the process is given as: 3)
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X
1 2 3
1 0.05 0.05 0.1
Y 2 0.05 0.1 0.35
3 0 0.2 0.1

Compute the mean and variance of X,

Write the marginal distributions of the times a numerical machine will

malfunction and emergency call made to a technician and thus explain

the meaning of marginal distribution.

c. Write the cumulative probability distribution of the number of times a
technician is called on an emergency call.

d. Calculate the probability distribution of an emergency call given the
machine malfunctions 2 times.

e. Compute the probability of calling a technician 2 times on an emergency

call given the machine malfunction for 3 times.

SR

Q.3  Acloud data center monitors the network latency experienced by user requests.
A request passes through two independent routers, each contributing a random

delay (in milli seconds).
o The delay added by Router A, denoted by X, is uniformly distributed

1

— 5 1<x<5
between 1 ms and 5 ms as f, (x)= J 4 *
[ 0 ; elsewhere

o The delay added by Router B, denoted by Y, is uniformly distributed

— 3 2<2x<10
between 2 ms and 10 msas £, (y)={ 8 *

0 ; elsewhere

Both routers operate independently. The total network latency for a request is
Z=X+Y.
a. Determine the probability density function (pdf) of the total latency Z.
b. Plot the pdf of Z.
c. Based on the computed pdf, identify the most likely range of total latency
and explain the distribution of Z.

6.0
(CO3)

Q.4 Officials of a small transit system with only five buses want to evaluate four types
of tires with respect to wear. Each of the buses runs a different route so the
terrain and driving conditions differ from bus to bus. To control the effect of this
extraneous variable, a randomized complete block design is appropriate. Each
bus constitutes a block, and each tire type constitutes a treatment. One tire of
each type is placed on each bus, with the wheel positions being assigned front
and rear. The tires run for 15000 miles, after which the tread wear, in
millimeters, is measured. The data obtained along with pertinent summary
statistics are given below.

8.0
(LO5)

Page 2 of 4



. Tyre type o

Buses | Ti T2 T3 T4
Front B1 9.1 17.1 20.8 11.8
Position | B2 13.4 20.3 28.3 16.0

B3 15.6 24.6 237 16.2

Bg 11.0 18.2 21.4 14.1

Bs 12.7 19.8 25.1 15.8 |
Rear B1 10.1 15.1 15.8 13.8
Position | B2 8.4 13.3 18.3 14.0

B3 12.6 20.6 21.7 13.2

B4 12.0 14.2 15.4 16.1

Bs 10.7 15.8 21.1 11.8

Construct a statistical model for this data.

State the appropriate method and null and alternative hypotheses for that
model.

Test your hypothesis for significance at the 5% level

Explain: whether the performance of different tire types significantly
depends upon the position of installation or not.

o

o

all the best!

Page 3 of 4



Table of the Student's ¢-distribution

Thetablegstﬁwmhmaf!mv where
l*n(i"fpzm)'—"—'u with v degtmﬁfﬁwdmn

o 01 005 0025 001 0005 0001 00005

3078 6314 12076 31821 63667 316310 636620
1886 28000 4308 6965 9025 22326 31508
1638 238 3482 4541 BB41 10213 12924
1533 243 2716 AT 404 7173 8810
1478 2016 2571 3365 4032 5893 6860

2447 3443 3707 5208 6950
2365 2008 3499 4785 5408
2306 2896 3355 4501 5041
2262 2821 320  AM7 4781

2764 3163 4144 4587
2201 2718 3108 4025 4437
2479 2681 3056 3930 4318
2460 2850 3012 3882 ~4221 _
2181 2602 2047 378

;z;-.m' 2583 2021 308

1 .449
1415
1397
1,383
1372

ﬁé‘i% b 8 ?

§EERE

P B2 by

1
%

AT S |

i, . mal il sud
ol el el el - sandi

2080 2518 2831 3527
2074 2508 2819 3505
2069 25000 2807 3485
2084 2492 2797 3467
2060 2485 2787 3450

2086 2479 2779 3435 A707 |
2052 2473 201t 3421 3590
2.048 2487 2763 3408 3674
2045 2462 2756 3396 38659
2042 2457 27150 3385 3646

2,021 ;.2.423'; 2704 ; 3307 3551

2617 awo 33713 |

Py
. E
kb el ki

sl

.’*ﬁ

3 B 83
i okt sk

*

33 83333 33338 gaéggzgg§§§
s
.
By
=

2
b

g

e

g81

&ésa BERNR BRERR 83335 a2sRl Seeve aswnal?/

8
;
;

Page 4 of 4



