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Question Paper Specific Instructions

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

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a question [ part is indicated against it.
Answers must be written in the medium authorized in the Admission Certificate which must be

stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. No
marks will be given for answers written in a medium other than the authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry 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.
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Ql. (a)

(b)

(c)

KVMS-B-STS

Qg A
SECTION A

T e 3 forelt S & et saft w1 SatsiedT et U Hehedwd 3L 0 % 91Y
ST 2 | SToE AR T G &t 0TI ©9 U i 8 Tkt & I 3Heh!
Jare e & =t R sman 2, Fore sfidT e Ee |

o—1 o
f((—)):%[%) exp(—%} ,0£0<e0

T S 36 g e @ argfees w9 & o T R st i S st X |
(i) X T STSAIAT el F1d i |

(i) X o) Hoheud o JTd 10 | Heheled & &l W6y 71 8 ?

Suppose that a given individual in a population has a survival time
which is exponential with a hazard rate 6. Each individual’s hazard rate

0 is potentially different and is sampled from a Weibull distribution with
probability density function :

a (0 -1 0 ]0:
0)=—|— ~2],00<e
f(0) . (k] exp[ 3 <
Let X be the life length of a randomly chosen individual of this population.

1) Find the survival function of X.
(i) Find the hazard rate of X. What is the shape of the hazard

rate ? 4+2+4=10
frferaa srferel &, oit o fore wa waher Sfdera ST SART
A.QL. =005

IcuTEa I SEH = 0-05
T T STEH = 0-10
LTPD = 0-20
Construct a single sampling plan for attributes, given the following data :
A.QL.=005
Producer’s risk = 0:05

Consumer’s risk = 0-10
LTPD =0-20 10

yfies SFTn <5, 5 <n < 10 3T n > 10 ¥ fow X, R 3fit s =1 T wfeead
TSI o T T AU hITST |

Describe the effect of sample size on X, R and s charts for the sample
sizesn<5, 5<n<10andn > 10. 10

Z
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(d) e (1, 2, 3) ATt fou Tu Hahwor ST T -
06 03 01

P=|02 06 02

04 04 02

HP(X5 = 2| X3 = 3) 3 P(X3 = 1| X, = 3) T HH 1 HI1C |

Given a transition probability matrix with three states {1, 2, 3} as :

06 03 01
P=|02 06 02
04 04 0-2}
Find the value of P(X5 = 2| X3 = 3) and P(X3 = 1| X, = 3). 10
(e)  SPSS (g i w0 TH) Wiwedw i S ForRivard = & ? I8 R Hweaaw sl g i
FATE?
What are the key features of SPSS software ? How does it compare to R
software ? 10
Q2. (a) () G I T (CUSUM chart) #it ST %7 qui oy siquer siiv e
T % |1y I |
(i)  d ST 11/70 % € 9 I (CPU)-F1-7%7 H9HT UV F Teh bt &
frfafias foa yem mia € -
; id Tog fawetar &€
i B (Rreperarsit it dear afy 106 42, A,
SSI 1,202 0-1218
MSI 668 0-242
ROM 58 0-156
RAM 414 0-691
MOS 256 1-:0602
BIP 2,086 0-1588

T wAT ST & fF aft yen & foow F fawer 89 %1 999 9w €9 9
forafie =rem &, fraht fardhetar 22 (1) w2t 8 & | wqu somreft 1 d-afea
& & fore wft Farew ry-afea BT smawas 2 |
I)  gomelt & fawd B9 %1 o9 31 Fifsw |
(II)  JoTTedt &7 3 e J1d it |

(ITI) 39 9Ta &t 341 WTiekar @ fob gomett 1,000 =2 3 3T ¥ a7e oft &1t
ERGIRE
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(b)

KVMS-B-STS

(1)

(i)

Describe the construction of a CUSUM chart with Decision
interval and Reference value. 10

One implementation of the CPU-cache-main memory subsystem
of the PDP 11/70 consists of the following chip types :

Number of Failure rate per chip
Chip type chips, (number of failures/10% hours),
nj )\q
SSI 1,202 0-1218
MSI 668 0-242
ROM 58 0-156
RAM 414 0-691
MOS 256 1-:0602
BIP 2,086 0-1588

It is assumed that the times to failure of all chip types are
exponentially distributed with the failure rates (4;) shown above.
All the chips must be fault-free in order for the system as a whole
to be fault-free.

(D Find the system time-to-failure.

(II)  Find the mean lifetime of the system.

(III) What is the probability that the system will still function
after 1,000 hours of use ? 4+2+4=10

Td ¥ dag § it (3reamfR) (minimax) AHEE #4182 I 0% O ¥ Gafd

WA He4E fearmane

B; | By | B3 | By

Ay |-2 |-1]-2| 8
Ay 1 0 |-1|-1
Az |-3 1 |{=8 1

F1q T fF Gt foor 2 71 987 | @t Y gaan WAt qur @ & o ot 3@
Fifsw |

What is the minimax criterion with respect to a game ? Given below is
the payoff matrix corresponding to a game :

B; | By | B; | By

Ai | 8| =1 ~2 8
A, 1] 0l=1]|=1
As | -3 1 | =8 1

Determine whether the game is stable or not. Also, obtain the optimal
strategies and the value of the game. 15

4
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(c)

KVMS-B-STS

(i)

(11)

(1)

(ii)

PQR T YT & 9T 3799 Uah 31E & fore frmaferfiae s1fe Suersy & -

D = 10,000 3e13T,

S=%20;

C = TRI= ST T 25 7 25%.

Wiﬁﬁﬂﬁz

()  amffes e aEm, @

(II) & YR A |

TS FHOAT H 4 FHERT T 4 At (@) & | I0F FHan w8 ot w0
HehdT €, Ao foret et 1 e ST A A g (T H) STehT-37eT ¢ |
38 A < S greit § v T R

W?ﬂﬁ 1 2 3 14
1 9 2 7 8
2 6 4 3 )
3 5 8 1 8
4 7 6 9 4
eI FHAT FY 2 T @ e 5 e ST i e e e
T T T

The PQR retail company has the following data available for one of
its items :

D = 10,000 units,

S =% 20;

C = 25% of the acquisition cost of ¥ 25.

Find :

(I)  the economic order quantity, and

(II)  the total inventory cost. 5
A company has 4 workers and 4 jobs. Each worker can perform any
job, but the cost (in ¥) of assigning a worker to a job varies, as
shown in the table given below :

Worlﬂn:I > : 4 i’ .
1 9 2 7 8
2 6 4 3 7
3 5 8 | 8
4 7 6 9 4
Assign each worker to exactly one job such that the total cost of
assignment is minimum. 10
5
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Q3. (a)

(b)

()

KVMS-B-STS

st Sfaeea v, ford witest s 5, =i wea ¢ = 2 8, § 98 9Hd gu
SR 3TTHTY Fd 9T 8, TY TETer SASE a5 (OC curve) S SHIET ? FHATT |

How will you draw the OC curve for a single sampling plan with sample
size 5, if the acceptance number is ¢ =2, assuming the lot size to be
large ? Explain. 15

Icureq ufskar ¥ ufafeT 50 a@ﬁ%mﬁﬂﬁﬁlmgﬁaﬁﬁww
2t <t g fFefataa of .

6,2,5,1,2,2,3,5,3,4,12,4,4,1,3,5,4,1,4,3,5,4, 2, 3.

Iugeh for =é SR ST fem i st i | Sm % swE & fo s fR

foregarom a6t a4 2

Each day, a sample of 50 items from a production process was examined.

The number of defectives found in each sample was as follows :
6,2,5,1,2,2,3,5,3,4,12,4,4,1,3,5,4,1,4,3,5,4, 2, 3.

Draw a suitable control chart and check for control. What control limits

would you suggest for subsequent use ? 15

() =g (ffye) = o st =@ & ot siae waee Hife | e S
T (T bt ) § 396 3T 8 f3Rar ST R, 39 9T ==t i |

(i) F=feriaa as T awen (oo 9 o) # 3a et ot & ga Hifsc
Z=2x1+x2+3x3$rnqgatﬁawwaﬁﬂ%rq
foe wferareet o sr=aia
X]—2Xg+ X3 = 4
2X1+ X9+ x3 <8
x1—x3 =0
AMx; =0, x9=0, x3=>0

(1) Distinguish between slack variables and surplus variables. Discuss
how they are used in a linear programming problem. 5

(ii) Use the dual simplex method to solve the following Linear
Programming Problem (LPP) : 15
Minimize Z = 2xj + Xg + 3X3
subject to

X1 —2X9+Xg = 4

2X1+ X9+ x3 <8
Xx1—x3=0

andxy 20, x9 20, x3 =0

6
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Q4. (a) (i)

(i1)

(1)

(i1)

(b) ()
(ii)

(1)

(i1)

KVMS-B-STS

TeffepfaeRtor afq=ra # Tshius Mfishar 1ITa W& (SPRT) % dgifas
AU T == HIT | T8 GRS 6 o a9 B SHfEwt A @ F F forw
wHied Ud sfiehd TEATsTl 1 93 H o Smar ? |

T 3HTAT T 200 = qF GHET {363 74T | 50, 80, 120 3K 150 HA W
faerand g8 (4 farerand) | 71 W gu foh Sfiamerrer 2r5y-1 SRt (72w gehm
&1 TG F AT TECEH T F §q 2, A H SAHAT GUITTAT AT
(MLE) 3T Shifere, st A fawerar et anfar 2 |

Discuss the theoretical basis of the sequential probability ratio
test (SPRT) in acceptance sampling. Explain how acceptance and
rejection numbers are chosen to satisfy o and B risks. 15

Ten units are tested for 200 hours. Failures occur at 50, 80, 120,
and 150 hours (4 failures). Assume that the lifetimes are
exponentially distributed with type-I censoring. Find the MLE of
5\L , where A denotes the failure rate. 5

T HE T & 2 THEE QT 1 Ush JIAT=T 0T Sfaed S Hife |

frefafiga sfasT aaen #i ga F@ & v e $ afseT &t 1 saam
Fifs -

faar &
LEE] Dy | Dg | Dg | Dy &Hdr
P, 2 3 11 ] 6
Py 1 0 6 1 1
Py 5 8 15 9 10
am | 7|5 | 3| 2
What is a Transportation problem ? Give a general mathematical
model of a transportation problem. 5
Use Vogel's approximation method to solve the following
transportation problem : 10
Distribution Centre
Plant | D; | Dg | D3 | D4 | Capacity
P, 2 3 11 7 6
Py 1 0 6 1 1
P3 5 8 15 9 10
Demand | 7 5 3 2
7
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(c)

KVMS-B-STS

(i)
(ii)

(1)

(i1)

Tt i3 aftiie i 3 5o FH-8-F A ST SR |

e TR STRE B, U TR ST s SAfth g Geferd s St # | v faw
7 e F AT T R wETEl S T SFIE AT €, e g 6
3frgaT 10 ST T & | TTEH! FI Tg AT, Te wret (FCFS) & 3R T
A 21 STt @ AT AT 3 H A AT FHT TR &9 H sied i H AT
%,ﬁwaﬁwmziﬁqz%lmﬁﬁm

(I)  STiresdr (318 dfe T2 8)

(II)  dfers 1 3ftad 3R

(II)  |feR 5 reftef o1 SrgaTia qoe

(IV)  wRrerar (e i ufea 7 12 fire & oft &5 g foram wemm)

Define a Poisson process and state at least three applications of
the same.

In a local post office, a particular service is operated by one person.
The arrival pattern of customers on a particular day follows a
Poisson distribution with a mean arrival rate of 10 people per
hour. Customers are served on a First-Come, First-Served (FCFS)
basis and the service time is estimated to be exponentially
distributed with an average time of 4 minutes. Determine :

() Probability (there is no queue)

(II) The average size of the queue
(ITI) The expected waiting time in the queue

(IV) Probability (a customer will spend less than 12 minutes in
the queue)

8
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Q5. (a)
(b)
(c)

KVMS-B-STS

w@Us B
SECTION B

frefetiad Zmaq wefteor Fepm & fog f-awor =maw ot (2SLS) e fafy i
ST T :

Ci=oa+ BY; +u

Y =Ci + Z

C = % 94T =

Y = Uiy 5

Z = T399I =57

g = U JEHHT (Rhiesh) =T
Explain the 2-stage least squares (2SLS) method of estimation for the
following simultaneous equation systems :

Ci=o+BY; +u

Y =C; + Z
where

C = Aggregate consumption expenditure

Y = National income

Z = Non-consumption expenditure
u; = A stochastic variable 10

T foramforar <t Suftefe =61 yar e i faftet o ==t v | 58 veam & fau
TMeehee-adie (Goldfeld-Quandt) TH&TT Y SAREAT 37 AT % 91y ST i
3G T F 39T F foU smavas 2 |

Discuss methods of detecting the presence of heteroscedasticity. Explain
the Goldfeld-Quandt test for detecting it, stating the assumptions
required to apply this test. 10

T tfgs afaew

Y=XB+u
S&T u ~ N(0, 621,)
% for, B 1 sifrran wwifaar smHer® (MLE) B 919 $IfT | amt om ofifte
e = (Y - XB) 3 1oqg X #1 %7 (3i) n x k FAM X ¥ k < n ¥ | AR
e'e = u'Mu, ¥& M = (I - XXX)IX) 3, @ Rg #ife fF £, n - k) =m
HIfe o BT HT3-31 e T T HT # | ’

9
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(d)

(e)
Q6. (a)
KVMS-B-STS

For the General Linear Model
Y=XB+u
where u ~ N(0, 621,,)

obtain the Maximum Likelihood Estimator (MLE) 6 of B. Further, let
e = (Y - Xﬁ), and X is a matrix of order n x k with rank of X, k < n.

r

If ee = u'Mu, where M = (I — XX'X)"1X'), show that 978 follows
6

chi-square distribution with (n — k) degrees of freedom (d.f.). 10

- FeATSA! § Haferd HwS! QT Aid 1 & 9 SFIUET ST H ATHaAr
g gt form wRm At Afeat At # 0 39 wwr A AR w1 F0 wHrEnfer fRar S
27

What are the usual sources of data on vital events ? What types of error

usually occur in census data on age ? How are such errors adjusted ? 10

T IO TR BT T 9! § GHafdd T F1 e+ J=1 a8 2

= 62 a=at & GET 4H! FH He T AT TR
gt 3 10 9 8 T 6 5 4 3
s 1 4 6 10 8 13 18 2

TS 50 TAT T fa=el 10 % G919 §H% GHeh J1d hiTorT |

Why is it considered desirable to convert raw scores to standard scores ?
Below is given the distribution of test scores of 62 children :

Test Score : | 10 9 8 T 6 5 4 3
f: 1 4 6 10 8 13 18 2

Obtain standard scores with mean 50 and standard deviation 10. 10

k 9 ¥ THHSTES qUT GegrET S HI qidiva HfNT |  9E 9T el
e Hewht % nfasfier Sfad g 3o 3 HEe & o fasan m o mfasfier
T T GegraY ANW FTd HITT |

Define autocorrelation of order k and correlogram. For an infinite series
generated by the moving average of random components with equal

weights, obtain the correlogram of a moving average of extent m. 15

10
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Q7.

KVMS-B-STS

(b)

(c)

(a)

FEhiehi o ITANT 7 HiTeTT Y =TT A |

freferfaa srfengi o fore et uret 3t foher gereien ot o Fifsr

78 i wdieror ST 36 urt 3 fhem gaeia (1) Toa Ieshwor e, 3 (i)

9T Ay I a9 37afer 11
9%
Py q Py 9y
A 10 2 15 1
B 15 3 10 3
C 20 4 15 4

I AT T I A & AT A |

Explain the uses and limitations of Index Numbers.

Calculate Laspeyres’, Paasche’s and Fisher’s Indices for the following

data :

Also,

. Time Period I | Time Period II
Commodity P, q P, a,
A 10 2 15 1
B 15 3 10 3
C 20 4 15 4

examine whether Paasche’s and Fisher Index Numbers satisfy

(i) Time Reversal Test, and (ii) Factor Reversal Test or not. 15

(1)
(ii)

(1)
(ii)

(i)
(ii)

(1)
(ii)

HTAT ot IRTiE ST o wworar & fafi= g i ==t Hifsa

feor e H gwemsy | fag Aif & Bt ff o xR W ¢ W
SAHEAT F1 98 AU, S8 C(x, t) 5T 9 Siar &, fow seaen & sdarta
TT | T4 BT 8, 37T C(x, t) = C(x).

Define Morbidity and discuss the different measures of morbidity. 10

Explain stable population. Prove that the proportion of population
at any age X’ and time ‘t’, denoted by C(x, t) is independent of time
under a stable population, i.e., C(x, t) = C(x). 10

St @it st aftafya HifSe 3t 3@ ST 1 Iea@ hifeT |

75 Y T AT H AT AT AT b1 GEAT 476 © 3 75 T 76 9 I S

quf Sfia T T A 3-92 I 366 AW B | 75 U 76 A9 H A H
Sfifra < ST ST 31a IS |

Define a life table and mention its uses. 5

The number of persons dying at age 75 is 476, and the complete
expectations of life at ages 75 and 76 years are 3-92 and
3-66 years, respectively. Find the number of persons living at ages
75 and 76 years. 10

11
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b) () A few e stk & sm-fafive we o€, Tl S ST, I Eehel IS A

T SIS :

SR TH A A | Al A

nfeere 1A A | AT (000) T
1519 160 260
20 — 24 16-4 2244
25 — 29 158 1894
30 - 34 152 1320
35 -39 14-8 916
40 — 44 15-0 280
45 - 49 145 145

o St o Afea Sl 1 39T 46-2 Sfawa |
(i) “woEA a e e 3wy 5 3 S afe F gl 5
®Y § el a% @ 1 FHAT 2 |

() Compute the Age-specific Fertility Rate, the Total Fertility Rate,
and the Gross Reproduction Rate, from the data given below :

Age group of No. of women
child-bearing females (000) Total Births
15-19 16-0 260
20 —24 16-4 9944
25 -29 15-8 1894
30 - 34 15-2 1320
35 -39 14-8 916
40 — 44 150 280
45 — 49 145 145
Assume that the proportion of female births is 46-2 percent. 10

(ii)  Define “Reproduction Rates”, and explain how far they may be
looked upon as indices of population growth. 5
KVMS-B-STS 12
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() I WEF 9f®T Y =X B +u, Ew) =0 Euu) = 621, ¥ 91,

nxl nxk kx1 nx1

Sl X fifved @enstt #1 uw oo ® e i k (k < n) B, B A

nxk
G a1 SATHETF B TAT B FT TET I I T | 7% o ferg e B B B
T gay g AR shes (BLUE) 2 |

For the general linear model Y =X B +u with E(u)=0 and
nxl nxk x1 nxl

E(uu’) = 621,,, where Xk is a matrix of fixed numbers with rank k (k < n),

A
obtain the ordinary least squares estimator f§ of B and the dispersion
A A
matrix of B. Also, prove that B is the best linear unbiased estimator

(BLUE) of P. 20

Q8. (a) FHffad H=mTHs T dise © fomm Hifve | o dfifse vs siasta =€
(endogenous variables) 3T X’s qﬁ-ﬁﬂfﬁﬁﬁt (pre-determined variables) ® :
Y7 =09 + a19Y9o + 013Y3 + B11Xy +uy
Yo = 0gg + 0tg3Y3 + P21X; + PooXg + ug
Y3 = 00 + 0317 + P31X; + P3oXg + ug
Yy = 040 + 0g1Y7 + 0g9Y5 + Py3Xz + uy
S&T uy, ug, ug I u, TEIA (WiFHfek) g & | Al F Fife it =y
sfceret (T 3t ST it feufe) =1 SuiT seeh et ) ge=me Hifvm |

Consider the following structural equation model assuming Y’s as

endogenous and X's as pre-determined variables :
Y1 =00 + a12Yg + 013Y3 + B11X; +ug
Yo = 0gg + Olg3Y3 + P21X1 + PaoXp + ug
Y3 = 0go + 031Y7 + B31X1 + B32Xg + ug
Yy = og0 + 0g1Y7 + agoYo + Bg3X3 + uy
where uj, ug, ug and uy are stochastic terms. Use rank and order

conditions to identify the equations. 20
KVMS-B-STS 13

Optional Province - optionalprovince.com



(b)

KVMS-B-STS

fEmmn g 1y, = 871 31
x: 91 92 93 94 95 96 97 98 99 100 101
de: 296 209 144 93 58 34 18 10 5 3 1

&t 1, 3 d, F1 9w e 2, WY Sftae woft § ST €, 9k STRedT I1d AT
f

(i) 93 ¥ I T T Uk AT o ¥ § 7T |

(i) 92 ¥ i Y 7 =AfHT 96 T T ATY T Sfera W |

(iii) 92, 93 1T 94 e ¥ 3717 F i AfeRT 4 T T e el |

(iv) 93, 94 31T 95 ¥ ¥ 1Y F i =AfHAT & ¥ 3eh 2 Al 4 9 =1E Sffera
@ |

(v) < e freht 31 93, 94 371 95 A9 €, 4 99 # AT SIUH |

Given lg; = 871 and :

x: 91 92 93 94 95 96 97 98 99 100 101
de: 296 209 144 93 58 34 18 10 5 3 1

where I, and dy have their usual meanings as in a life table, find the

probability that :

(1) a person aged 93 will die within three years.

(ii) a person aged 92 will survive up to age 96.

(iii) three persons aged 92, 93 and 94 will survive 4 years.

(iv) of three persons aged 93, 94 and 95, exactly two of the three will

be alive in 4 years.

(v)  all the three persons aged 93, 94 and 95 will die in 4 years. 15
14
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(c)

KVMS-B-STS

1)

(i1)

(i)
(ii)

AT AT § GG WL % TN hl ST FIRT |
3 =i g fou e fawst i it () S e R ger g
i, TE T IS |

Explain the use of parallel tests in psychological studies. 5

Explain how you will combine the ranks of a number of subjects

given by several judges. 10

15
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