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faaisT DETACHABLE
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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions.

There are FOURTEEN questions divided under SEVEN Sections.

Candidate has to choose any TWO Sections and attempt the questions therein. All the Sections

carry equal marks.

The number of marks carried by a question/part is indicated against it.

Wherever any assumptions are made for answering a question, they must be clearly indicated.

Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself. F-table and Graph paper can be found at the end of both sections in the booklet.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly.

Any page or portion of the page left blank in the Question-cum-Answer (QCA) Booklet must

be clearly struck off.

Answers must be written in ENGLISH only.
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SECTION ‘A’
(Operations Research and Reliability)

1. Answer all of the following : 10x5=50

1. ()

1. (b)

1. (¢)

A paint company produces both interior and exterior paints using two raw materials
M, and M,. The following table provides the basic data of the problem :

Tons of raw material Maximum daily
per ton of | availability (tons)
Exterior paint Interior paint
Raw Material M, 6 4. 24
Raw Material M, 1 2 6
Profit per ton 50 40
(in thousand Rs.)

The daily demand for interior paint cannot exceed that of exterior paint by more than
1 ton. Also the maximum daily demand for interior paint is 2 tons. Determine the
optimal product mix. 10

Neon lights on the campus of a university are replaced at the rate of 100 units
per day. It costs Rs. 10,000 to initiate a purchase order. A neon light kept in
storage is estimated to cost about Rs. 2/day. The lead time between placing an
order and receiving the order is 12 days. Determine optimal inventory policy for
ordering the neon lights. Also, calculate cycle length and reorder point of the
order. 10

There are five jobs to be performed by employees in a Departmental Store. The time
(in hours) that each employee takes to perform each job is given in the following
effective matrix :

Employees
I O 1m Iv V
Jobs A 10 5 13 15 16
B 3 9 18 13
C 10 7 2 2
D 7 11 9 7 12
E 7 9 10 4 12

How the jobs should be assigned, one per employee, so as to minimize the total
manhours ? 10
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1. @)

1. (e)

(a)

Two jobs are to be performed on five machines A, B, C, D and E. Processing times
(in hours) are given below :

Processing Time

Machines
Job 1 | Sequence A B C D E
Processing Time | 3 4 2 6 2
Job 2 | Sequence B C A D E
5 4 3 2 6

Use graphical method to obtain minimum elapsed time and idle times for the two

jobs.

Define the terms :
IFR, IFRA, NBU, NBUE, DMRL

Answer any two from the following :

10

10

25x2=50

Consider the following table summarizing the details of a project involving
14 activities :

Activity Immediate Duration
predecessor(s) (in months)

A - .

B - 6

C = 4

D B 3

E A 6

F A 8

G B 3

H C,D 7

I C,D 2

J E 5

K F, G H 4

L F, G H 3

M I 13

N LK 7
Draw the network diagram and identify the critical path of the project. 235
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2.0 @O
(ii)

Write the basic characteristics of queueing model (M/M/I) : (FCFS/ew0/0). 5 |

A company has received a contract to supply gravel to three new construction
projects located in three towns A, B, C from 3 gravel pits located in three towns
X, Y and Z. The delivery cost from each pit to each project site of truckloads
is given below :

2. (¢)

2. (d)
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(@)

(i)

(@)

Project Location
A B C Supply
X + 8 76
Pits Y 16 24 16 82
V4 8 16 24 77
Demand 72 102 41

Find an optimum schedule of transportation so as to minimize the total cost
of transportation. 20

Discuss the replacement policy for items whose running cost increases with
time and value of money remains constant during a period. 10

Suppose that a sample of 12 items were put on test and the test was terminated
at the 8t failure time, and the lifetimes follow an exponential distribution with
mean 0 > 0. The failure times are, in hours

30, 57, 145, 167, 320, 440, 505, 675
() obtain maximum likelihood estimate of mean lifetime
(II) construct 95% confidence interval for 0
[Given x2(16’ 0-975) = 28-845; x2(16, 0-025) = 0-908] 15

Obtain an optimal solution using simplex method to the following linear
programming problem :

Maximize z = 3x; + 2x,

Subject to
X1 — X7 < 3
X, %20
Also find an alternative optimal solution if it exists. 15
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. (a)

. (b)

i 12}

. (@

» (e)

(i) When do we apply the Rule of Dominance in solving a game problem ? Solve

the game whose payoff matrix is given below :

Player B
Player A I I I
I 30 40 -80
I 0 15 -20
11 90 20 50

SECTION ‘B’
(Demography and Vital Statistics)

Answer all of the following :

Define Central Mortality Rate (m,) and Force of Mortality (z,).

Establish the relation
'ux+—;— - mx
stating the necessary assumptions involved.

(i) Define crude death rate with its limitations.

10

10x5=50

5

3

4

(i1} Explain standardized death rates including the methods of their computation.

6

Ascertain whether Gompertz’s or Makeham’s formula for graduation is suitable for

the following data :

Age x 35 40 45 50 55 60

I(x) |89785| 86237 | 82377 | 78018 | 72895 | 66666

10

Derive an algebraic expression relating the probability of a person surviving between

age x and x + 1, p, to the force of mortality, u,. 10
Fill in the blanks in a portion of life table given below :
Age ()| I de | Px 9 | L« I, | px
4 90000 | 500 ? ? ? 15060200 | ?
5 ? 300 ? ? ? 7 ? 10
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4. Answer any two from the following : 25%2=50

(a) What is vital statistics ? State the uses of vital statistics. Explain registration method
and census method of obtaining vital statistics. 5+5+15=25

(b)  The sex wise distribution of population and number of births with survival rates of
a town in 2022 are given below :

Age Population Births Survival rate |’
group Male Female Male Female (nmx)
15-19 6432 6210 65 64 0-92
20-24 5318 5430 120 115 0-90
25-29 4470 4580 110 105 0-87
30-34 3960 3970 80 78 0-86
35-39 3580 3600 60 65 0-84
40-44 3140 3050 15 18 0-83
45-49 2890 2705 4 3 0-81
Compute GFR, ASFR, TFR, GRR, NRR. 25

(c)  In usual notations as in a life table, given /g, = 16000 and

Age(x) | 80 | 81 | 8 | 8 | 84 | 85 | 86
d, 5000 | 3000 | 2500 | 2000 | 1000 | 1000 | 500

(i) Compute the values of /, and g, for x =81, 82, ..., 86. 10

(ii) The ages of three persons 4, B and C are 81, 82 and 83 respectively. Find the
probabilities.

(1) that 4, B and C will be alive in two years’ time 5

(2) that one at least of the three will be alive in two years’ time 5

(3) that exactly one of them will be alive in two years’ time 5

(d) What is internal and international migration ? 10

Discuss various classifications of internal and international migration. 15
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SECTION ¢C’

(Survival Analysis and Clinical Trials)

S. Answer all of the following : 10x5=50

(2)

(b)

(d)

(e)

(a)

bP e—bx p-1
N3
hazard function is an increasing function for p > 1 and decreasing function for p < 1.

10

For gamma lifetime model f(x, b, p) = ,b>0,p>0, x>0, show that

One often hears that the death rate of a person that smokes is, at each age, twice that
of a non-smoker. Does it mean that a non-smoker has twice the probability of
surviving a given number of years as does a smoker of the same age ? Justify your
answer. 10

Define hazard function, cumulative hazard function and mean residual life function.
If 7' is a continuous non-negative random variable with cumulative hazard function
H(T) then show that H(7) follows standard exponential distribution. 10

What is multicenter trial ? Why are multicenter trials conducted ? 10

Consider two groups of survival data with hazards 1,(¢), A,(¢) and survivor functions
51(9), s,() respectively.

(1) One of the assumptions for Cox model is proportional hazard, what is really
meant by “proportional hazard” ? 5

(i) Assuming the two hazard functions are not the same, examine the connection
between the crossings of the two hazard functions and the crossing of the two
survivor functions. 5

Answer any two from the following : 2x25=50

The survival times of two groups of breast cancer patients who had surgical
treatment are given below :

Survival group (in months) - 3,7%,9,9, 117, 16
Chemotherapy group (in months) : 8, 9, 107, 12%, 18, 23*

Apply logrank test for comparing survival distributions of the two groups at 5%
level of significance using exact method.
[Given %3(0-05) = 3-841] 25
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(b) Explain time censoring and number censoring (type-II censoring). State the
likelihood functions in each censoring scheme. Assume the life time follows

exponential distribution with failure rate %, A>0.

Derive the maximum likelihood estimate of survival function at time ¢ = 700 based
on the following censored data :

t, =80, t,=95, t;=105, 1, =180, 15 =270, 15 =330, t; =670, tg=2800, ;= 1000,
i=9, 10, ..., 20.

Using the (i) actual failure time/survival time 13

(i) number of failures observed only without considering the actual
failure time. 12

(c) A study is made on the impact of regular exercise and gender on the risk of
developing heart diseases amongst 55-75 year olds. A sample of people was
followed from 0 if female, 1 if male, the exact age of 55 years until they either
develop heart diseases or turn 75 years, whichever comes first. The Cox PH model

was used for this study with the two covariates being defined as
0, if female 0, ifrare

z; (Gender) = { 1 ifnale z, (exercise rate) = {

1, ifregular

The model results were as follows :

Model fitted Maximum log likelihood
1. Null model . —1190
2. Gender only . =1177
3. Gender and Exercise . =1170
4. Gender, Exercise and Interaction : —1166 ; (Interaction = Gender * Exercise)
Covariate Parameter fitted
Gender : By =025
Exercise 2 By =-0-35
Gender * Exercise i Bp=-045

(i) Give two reasons why the Cox PH model is suitable in this data analysis.

(ii) Perform a statistical test to show that the interaction term is significant in the
model (Take a = 0-05).

(iii) Give the hazard functions for a male who does not exercise regularly; a female
who exercises regularly; a female who rarely exercises and a male who
exercises regularly.
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(iv) Identify the baseline hazard for this model.

(v) Interpret your results in (iv) with reference to the baseline hazard and the
hazard function for males who rarely exercise.

[Given : %3, 005 = 3-841] 2+8+8+2+5=25
(d) What is randomization in a clinical trial ? How should the randomization code be
determined ? Discuss some common randomization methods. 5+4+16=25
SECTION °D’
. Answer all of the following : 10x5=50
(a) Why do we make use of Statistical Quality Control ? Write the advantages when a
process is working in a state of statistical control. 10
(b)  Explain the statistical reasoning for using 3-c limits in statistical quality control.
10
(c) A Metropolitan Transit system uses the number of written passenger complaints per
day as a measure of its service quality. For 10 days, the number of complaints
received are given below :

Day (sample) no. 1234|567 |8]|9]|10

No. of complaints/day | 4 | 8 | 2 | 0 [ 3 [ 9 [10|0 [ 6| 4
Obtain the three control limits for the above data. 10
(d) Explain the differences between CUSUM and Shewhart Control Charts in terms of
their uses and methodology. 10
(e)  Describe Double-Sampling Inspection plan and discuss its advantages. 10
Answer any two from the following : 25%x2=50
(a) A machine is set to deliver packets of a given weight. Ten samples of size 5 each

were recorded and the recorded data is produced below :

Sample No. | 1 2 3 4 |5 6 | 7 8 9 |10
Mean () 1517 (15|18 |17 |14 |18 | 15| 17 | 16

Range (R) 7 7 4 9 8 7 1124 |11} 5

Can the process be regarded under control ?
(Given conversion factors for n =5, 4,=0-58, D3 =0, D= 2-115) 25
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(b)  Explain the statistical basis and construction of p and np charts. How is the choice

between p and np charts made ?

2o

(c) (i) It has been decided to sample 100 items at random from each large batch and
to reject the batch if more than 2 defectives are found. The acceptable quality
level is 1% and unacceptable quality level is 5%. Find the producer’s and

consumers risks.

(ii) Define a single sampling plan.
Consider a single sampling plan :

Lot size (N) = 2000, Sample size (n) = 50 and

acceptance number of defectives (c) = 2.
Find the probability of accepting the lot.

10

15

(d) Hourly concentration (X;) data collected from a chemical process is given below :

Hour X; Hour X;
1 5-50 1 6-75
2 4-50 12 325
3 5-25 13 5-25
4 6-0 14 50
3 5-25 15 4.5
6 3-50 16 6-50
7 5-75 17 7-20
8 6-25 18 6-80
9 4-50 19 6-75
10 5-0 20 6-50

If the target mean (1) =5:0, n=1 and o =1, use CUSUM Control Chart to detect

the shift to y; =6-0 for K= 0-5.

SECTION °‘E’

(Multivariate Analysis)

9. Answer all of the following :
(@ Given X~ N3 (u, ), where

2 8 2 3
p=|4land X=|2 4 1|,
3 31 3

(i) find the regression function of X; on X, and X3, and
(ii) compute the conditional variance of X, given X, and Xj.
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