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INSTRUCTION :

1. 'The question paper is divided into two sections. The candidates will be required to
answer Four compulsory subjective questions from Section ~ A and four optional
subjective questions from Section - B. There shall be compulsory Four subjective type
questions, each of 10 marks. In addition, there shall be 7 optional subjective questions
in Section — B, of which candidates will be required to answer only 4 subjective
questions, each of 40 marks. The optional questions shall be answered in the descriptive
form.

2. The pages are reserved for each section and their respective questions in the answer
booklet. The candidates are instructed to write the answers of the questions reserved
for that question only. If the candidates do not write the answer of the question on the
reserved page, then the answer of that particular question will not be evaluated and the
entire responsibility for non-evaluation of that answer will be of the candidates only.
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[US ~ 3 / Section - A
1.  Process control 3 product control H 3T 48 T T & X chart 3T R chart &1
I | H FATE
Torelt wisha =1 |Ieg | = 50 7 AT Toraei o = 4 81 AfE W1 3R 1= 16 8, A 3-sigma

i | X chart™ control limits ST siTsg| [10]
Explain the difference between process control and product control. Also, describe the

purpose of on X chart and an R chart.
A process has an mean p = 50 and standard deviation 4. For the sample size n = 16,

find the control limits for the X chart using 3-sigma limits.

2. forelt wonett <t reliability afedrfa sRif (i) sf@en womef! (series system) TIT (if) HHFTR
Yo} (parallel system) 351 Reliability %1 ¥ faRay [10]

f 3rREt Y reliabilities ST 0.9, 0.8 37X 0.85 21
AEREER CLRR R

i) 9fe s g R 8l

o gt feurferat woreft Y reliability Tma i)

Define the reliability of a system. Derive the reliability of (i) a series system and
(i1) a parallel system.

Three components with reliabilities 0.9, 0.8 and 0.85 are connected in
1) in series

ii) in parallel

Find the system reliability in both the cases.

3. Linear Programming Problem (LPP) % &= 3 fmior (Formulation) H#EST|
Objective function TT constraints T qiwita $Hifsmy {10}

srfereran IR Z = 3x + 2y
d xty<4
x<2,

xy20
% faftr o st Hifdg)

GANAST 2 AT i

25T00005



A

Explain the structure and formulation of Linear Programming Problem (LPP). Define
the objective function and constraints,

Maximize Z = 3x -+ 2y
Subject to x+y<4
x<2,
x,v>0
Solve graphically.

4. Homogeneous discrete-time Markov chain 3t aftams @fse| Chapman-Kolmogorov
GHeRtoT Tl | O &1 fa wreniar sjeent & foru foama wsemr Afeera <) 18 ) [10]

p= 0.7 03
04 0.6
TR TIeRoT (stationary distribution) 3 i)

Define a homogeneous discrete-time Markov chain. Write the Chapman-Kolmogorov
equation. A two-state Markov chain a transition matrix

0. .
p= 7 03}
04 06
Find the stationary distribution.

©ug - & / Section - B [40 x 4 = 160]

1. a) T AT AT 6 G0N B TH AOAT H 1S OC o156 3R AOQ a6 WIH | &
&t it & T oTeR g [20]
i) 3TTEH H AN 3N ST T SAEw
ii) AQL 3R LTPD
Describe single sampling plan. Obtain OC and AOQ curve for this plan.
Distinguish clearly between

1)  Producer's risk and consumer's risk
i)  AQLand LTPD

b) Ra= Warfer i duality theory THSTET 4T Ush GHIRY 3TRISHTHHT GO 1 dual

g HIWT| Complementary slackness ¥id foilRaw @ dual =i w1 s a1 wam
ST T primal TEEAT ST dual SHET T7 complementary slackness ERT %41 &l

S Fifg| [20]
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Ffereraw Y Z = 4, + 3x,
I 2x1+x258

X +2x,56
X, %y 20
THe% AT W9 transportation T W least cost method ¥ & SHifST e
optimality Y ST $ifu ‘
' D, D, D, Supply
s, 2 3 120
S, 5 4 3 30
Demand 15 25 10

Explain the duality theory of linear programming the derive the dual of a general
maximisation problem. State the complementary slackness conditions and explain
the economic interpretation of dual variables (shadow prices). For the following
primal problem formulate the dual and verify optimality using complement any
slackness

Maximize Z = 4x, + 3x,
Subjectto 2x; +x,<8
x, + 2x2 <6

Xy Xy 2 0

Further solve the following transportation problem using the least cost method
and test for optimality

D, D, D, Supply
S, 2 3 1 20
S, 5 4 8 30
Demand 15 25 10
T AT T wneft fverasitaar wiger 38 wenr ufonie 2 [20]
R(t)y=a",a>16>0
ST g T h Il B

i) Tk SIEY WS GUhEH A(f) STH shilv)
i) g Hfer o we favawsiaa Aisw wae ard fovawfiad @isd R(s) =,
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A more general exponential reliabﬂity mode] is defined by
R(ty=a,a>1,6>0

Where ¢ and b are parameters.
1)  Obtain the corresponding hazard rate function A(f).
ii)  Show that this reliability model in equivalent to the standard exponential

reliability model R(¢)=¢™*, and express A in term of a and .

b) < =i g A wet o it S qen yg e e wififeat o desen wangmEy)
minimax YH¥ T %Y RRaT qen dominance fgra gro Ger Aftem i wter w0 6

2 4 1
%ﬁwmmiﬁm@aaﬁgaaﬁﬁq[s 5 5)

= IR o saddle point a1 &1 afe 7€ @ dominance &1 74T 9= Bt i TEY
TUT graphical A1 algebraic it & g1 Hifvw) =1 Reenfedt it gvaw e wifest
w@awmwﬁm|msﬁ&ﬁsﬁuﬁn®@am%mﬁwﬁqﬁw
Hifry 120]

Define a two person zero sum game and explain pure and mixed strategies. State
the minimax theorem and describe the role of dominance in reducing the size of

2 41
a game matrix. Soive the following game matrix [ 3 2 5] . Determine whether

a saddle point exists, if not, reduce the game using dominance and solve it using
the graphical or algebraic method. Obtain the optimal mixed strategies for both
players and the game's value. Also, explain the connection between linear
programming and game theory briefly.

3. a) uhryfomm A RARE wohm & wieetl v wm SR suyw fafty s s s T W

IO SHET Y & hif) [20]
A HIR Z = 4y, + x,
T wfteresi o srefm 3%, +x,=3
4x, +3x,>6
% +2x,<4
%, %,>0
TSR g S o
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Discuss different types of models in operational research solve the following linear
programming problem using appropriate method.

Minimize Z = 4x, + x,
Subject to the constraints 3%, +x,= 3
dx, + 3%, > 6
x t+2x,<4

Xy, %y 2 0

BT h! HehedT TIF ST 94T Laspeyres, Paasche a2 Fisher's ideal price
index % Tamtor =B farfey =1 foream & =l it 5ok g sgeoa <RifSTg e 3w Tur gl
=1 ==t i) fig e 5 Fisher's ideal index, time reversal test @91 factor
reversal test %! HE Wt 8| ffoRaa armshgl & Laspeyres, Paasche's @91 Fisher's
% 7 R 71 Hi| [20]
%] YR A Py, JTe] H{e P, SATHCATAT 90 =ef #1191,

A 4 5 10 12

B 6 8 8 7

C 5 6 6 9

AT geepie & it it gomt i T g5 e DR % Fishers gahish ®
"[deal index" 1 &1 ST &)

Explain the concept of index numbers and describe in detail the construction of
Laspeyre's price index, Paasche's price index, and Fisher's ideal index number.
Derive their formula and discuss their relative merits and demerits. Prove that
Fisher's ideal index satisfies the time reversal test and the factor reversal test.
Using the following data, compute Laspeyre's, Paasche's and Fisher's price index:

Commodity base price P current price P, base quantity 90 current quantity 91.

A 4 5 10 12
B 6 8 8 7
C 5 6 6 9

Comment on the difference between the three indices and justify why Fishers
index is called "ideal index".
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4, a)

b)

FHISHT R o191 T T2 Fa1 ], ST&T BRI o1 ST q1geH forawor & SIHEr T @,
Roreehl 379d €T 4 cars 91 H21 81 R €17 61 ghyew 6 e & uredig e & 3gar
R ? 3R T8 6 %R iy ver 21 su glvar § swhfig wifdhr v avere ) [20]
) R gy 6 Iumfiar 7 hifs3

i) =R = o Ffer w H mReea e fifE

i) ham o Wefter o W R ! T HEH W] ?

iv) sk R g yurred! § faamn e aftaa wwa (e wHa + gers ww) frar gy
Automata car wash is a specialized service where cars arrive according to a Poisson
distribution with a mean of 4 cars per hours. The wash facility can service cars at

a constant exponential rate of 6 cars per hour. The facility has unlimited parking
space. '

1)  Determine the utilization of the car wash.

il) Calculate the probability that the car wash was idle.

111) What is the average number of cars waiting in a queue?

1v) Whatis the average time a car spends in the system (waiting + washing)
TR ST T G ST EErhTeh! hY HeheaT wqg Hifre qer Q=1 1 SR saE
Chain base gahies % T i fafr wwgmsy aem linking relatives feerem 6t wizsan
g HINY| T RS & MR W & IR GRS T4 G aYf Jem a8 §

3R AR R 3R goehTe | go hife| [20]
EE] 2019 2020 2021 2022 2023
b 1 50 55 60 66 72

' Chain base §Teh{h! % 19 G chain drift 3 &F&n @ <=1 Hifg|

Explain the concept of fixed base and chain base index number and distinguish
between them. Describe the method of constructions a chain base index number
and explain how linking relatives an educates. Using the following data on prices
of a commodity over five years, compute the chain base index numbers and
compare them with fixed base indices, taking first year as base

Year 2019 2020 2021 2022 2023
Price 50 55 60 66 72

‘Discuss the advantages of chain base index numbers and mention the problems

associated with chain drift.
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b)

b)

b)

T R g Jvft % o S1ge ARMA (p, o) ®ieet ) wge™ 1 wikan #, Fq
A -HEEeY Hor (ACF) TT 1 AT 37 wewsy %o (PACF) foh YR @
TG, ITCATARTHT SR (AR) 3T U 3 HE Tais Wik % o T hid | HEral
A R? [20]
In the process of identifying an appropriate ARMA (p, q) model for a stationary
lime series, how do the sample Auto Correlation Function (ACF), and sample

partial Autocorrelation Function (PACF) help distinguish between a pure
Autoregressive Process (AR) and a pure moving average process?

e o gaehish o aftferfodt § wnes vhieim wlam s dgg ey [20]

Under what conditions will the factor reversal test be satisfied by Laspeyre's price
index?

T wifeht sumeft ) gog w1 adi wifeaeht s (NSC) i wyftes ue uged
az =t i) [20]

Discuss the role and significance of National Statistical Commuission (NSC) in
strengthening the Indian statistical system.

T Te fohaTarem wEvet (MOSPI) % S sheare wiftereh! & Tgi T saev
1 gET T W g ? {20]

What are the main role of Central statistics and National sample survey under
Ministry of Statistics and Program Implementation (MOSPI)?

gftrg Sfiaw areft w1 Fam = s 8 7 gitm sfies wwofl $ e s smen S el
3% Tmfor & wigeat =t aola e [20]

Why is an abridged life table prepared? Describe the columns of an abridged life
table and describe the steps in their construction.

TFR, GRR 30 NRR Y5+ % AT & &9 § T g ¥ fohH TR i 8 7 NRR SHa@
& Toaepra =1 foFm wepm gfiem el 27 [20]
In what way do TFR, GRR and NRR different from one another as measure of
reproduction? How does NRR indicate the growth of population?
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