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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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SECTION A

Ql. (a) T SR 36 et e § Rt =it i ST et T Heheded 3L 0 % 91y
SRR 2 | Y% AR S GehaTied &t 0 T &9 ¥ =T & wehdl & 37 39eh
égamﬁmﬁﬁﬁ?mw%,mwwﬁwmw%:

o o—1 o
f(G):x(%) exp(—%j ,0<0 <00
Wﬁﬁqﬁwqw@mﬁﬁmg%*mﬁﬂﬁﬂ‘éﬁ?@wﬁﬁ?ﬁwmx%|
() X IS BT I it |
() X GHeud & J1a HIT | Geheled S H WET T8 ?

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 :

o 0oc—l eoe
)= 22 _9) 0<0<w
&) A(AJ eXp( x) )

Let X be the life length of a randomly chosen individual of this population.
(1) Find the survival function of X.
(ii) Find the hazard rate of X. What is the shape of the hazard

rate ? 4+2+4=10
(b) Frafefaa srfsmet &, o 3 fore v wae Sidere JISHT SR -
AQL.=005

ScUTES HT AMRaH = 0-05
TR T FTEH = 0-10
LTPD) = 0-20
Construct a single sampling plan for attributes, given the following data :
A.Q.L. =005
Producer’s risk = 0-:05
Consumer’s risk = 0-10

LTPD =0-20 10

(¢ SRed AT <5, 5<n<10 3 n> 10 % T X, R 3 s = W Tidext
ST & THTE T FU HITST |

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

(e)

Q2. (a)

KVMS-B-STS

o STarERa (1, 2, 3) dTet faw T HshwOT WHAT STTSTE :

06 03 01
P=/02 06 02

04 04 02
YP(X5 = 2|Xg = 3) 3 P(Xg = 1| X, = 3) T HH 10 HIRT |

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

P=

02 06 02

06 03 01
04 04 02

Find the value of P(X5 = 2| X3 = 3) and P(X3 = 1| X, = 3).

SPSS (g Ui Tq UH) HHeT i I fauivard # & ? 78 R Hivedqt f qomr i

FaTR?

What are the key features of SPSS software ? How does it compare to R

software ?

(i)

(ii)

Gt AT faT (CUSUM  chart) &t G==T 37 9ol ok st it get

qH & g1y iy |
dt €t it 11/70 % €t &t T (CPU)-31-7&7 FHHT IUSITEt 3 U i o
frfafaa foo R mfter # -
. gt faa freerar a2
TR | R, b (Rroreraratt i e wfy 106 52), A,

SSI 1,202 0-1218

MSI 668 0-242

ROM 58 0-156

RAM 414 0691

MOS 256 1-0602

BIP 2,086 0-1588

I8 HAT AT ® fF avft yer & foow & fawer 89 #1999 st &0 9
forafia &rar 2, forgeht fadserar a7 (o) 9w awifs ¢ & | gt yorreft =6t S -afea

B & fou oot foreg Sw-afeq 2 staws 2 |
(M Yot & fIweT 819 1 g8 31 s |
(II)  JOTTeAt 3T A SaT I HIFT |

(III) 39 <Td ! 3T TTRIehdT & foh Jureft 1,000 & 3 39T & o1e ot 1t

Ft =Y 2

10
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(b)
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1)

(i1)

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/108 hours),
n; }\1

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 (A;) 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

Qe F a9 ¥ f-ifew (FAc9HlEs) (minimax) AHEE 18 ? 919 U @ § Fated
A HTE fearmn e

B; | Bg | B3 | By

A1 |-2 |-11|-2 8
Ay 1 0 (-11(-1
Ag | -3 1 |-3 1

T Sifve fF @ fox @ 91 7 | O H gaiaw iRt qur @d @1 7 ot 31
Iy |

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

B; | Bg | Bg | By

Ay | =2]=1]=2 8
Ag 1 0|-1]-1
Ag | -3 1| -3 i

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

4



(c)
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1)

(i1)

(i)

(ii)

PQR & #ut & g 3109 U 3c41e & foru fmfafiaa o1i Suciey & -

D = 10,000 313,

S =% 20;

C = T AFTd T 25 T 25%.

WW:

@) i Ry 9ET, '@

(I) & WL A |

U O H 4 HUERT 37T 4 Fipfat () & | TF FHant 18 off w6 3
HhdT §, Sfeh foeft o=t 1 e TTeled 3 1 9o (T H) STem-37em ¢ |
30 A & S Il § enriEr R

WW 1 2 3 4
1 9 2 7 8
2 6 4 3 7
3 5 8 1 8
4 7 6 9 4
SR FHA A 2 0 & F 3 T S R R e st
F A A

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

D = 10,000 units,

5 =%20;

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

Find :

D 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 :

Worke;'J o . 2 . d
1 9 2 7 8
2 6 4 3 7
3 5 8 1 8
4 7 6 9 4
Assign each worker to exactly one job such that the total cost of
assignment is minimum. 10

5



Q3. (a)

(b)

(c)
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wehet St e, e wfdest s 5, wied G ¢ = 2 §, ¥ 98 WHd g¢ T
T SATHTY F5d ST &, AT T AT 356 (OC curve) i SHIET ? FHEATST |
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

Seared wfsham & wfafed 50 aeqatt % iaest &1 Sta &1 8 | Yo gfdest ¥ e e
3Nt <t T Frefafad 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.
Sueh forr =é ST PR fRr o St A | ST Swi % fore o R
foreferor el s e < 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

() =T (fafre) = i srferiy =i & ot siqe waee hife | Wk S
e (Tt b oY) # SRt STEIT HH R STar 2, 39 9T 9= i |

i) FrefaRad s S gae (oo 6 f) =i 3a Rt fafa @ & i
Z = 2% + Xg + 3Xg3 T ATAHIHII HITSIT
fae wfdamat & at=wia -
X1 —2%9+Xx3 =4
2x1 +X9+x3 <8
Xx1—x3 =0
3ﬁ'{x120, X9 =20, 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 = 2xq + X9 + 3X3
subject to

X1 —2X9+X3 = 4
2x1+ X9+ x3 <8
X1 —Xg = 0

andx; =0, x9 20, xg =0

6



Q4.
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(a)

(b)

(1)

(ii)

(1)

(ii)

(1)
(i)

(1)

(i1)

Teftepfderor g o STshite STRisar iU Wa (SPRT) % gifs
ST Sl == AT | T8 FUEATEY foh o T B ST F e A & forw
Tierd U ITETEhd STl i 99 F4 R ST € |

T FHIAT T 200 = qh TI&0T f3ham 74T | 50, 80, 120 3 150 H W
%wmﬁgfgﬁwmi)lagmﬁgqﬁsﬁmasmﬁvﬁwmm
T W) & HIY TR € F §feq 8, A o HARhan Gwiiaar seas
(MLE) 91 hifste, Sref A fasherdr et &l geriar 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

A
A, where A denotes the failure rate. 5

e HET AT 2 2 THEE QT 1 Ush JIAT=T T Sfaed S #ife |

Frefefaa ufasT o =t & = 3 forw S St afesre &5ty & som
Sifsru

fereor e
¥ | D, | Dy | Dy | Dy | e
P, gl sl oqgife g 6
P, e S TE R 1
P; 5| 8 |15 9 10
it 715 | 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 | Dy | Dy | D3 | D4 | Capacity
P, |23 [11] 7 6
P, | 1]0 6] 1 1
Py 5 8 15 9 10
Demand | 7 5 3 2
7
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@)
(i)

(i)

(i)

Tt T S aitTie ST ST 3ae 8- i ST disT |

T T ST B, U RIS §aT Ueh safth R GeTterd st STt & | T T
T TTEFT % AT T T Tl ST T SFTE FT €, fored i 6
3frgaT 10 S0 3T | TTEH B UE 13, Ted wrelt (FCFS) % SR W
{ar 21 STt & ST HaT 2 F A T T ST F9 § S 8 s S
2, et sftaa a9 4 e # | 0 AifS

(I)  Sfrear (1S ufs 761 ©)

(II)  Ufer =T 3TtEa TR

(IID)  dfe & STeftet T STt e

(IV)  STRrewar (uTee i dfea & 12 fire & «ft s g foramm o)

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 :

D Probability (there is no queue)
(II) The average size of the queue
(III) The expected waiting time in the queue

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

10



Q5. (a)
(b)
(c)
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©us B
SECTION B

freferiaa Fmaq aefteror fermr < o fg-=mor =maw ot (2SLS) stmeher fafr <1
TEAT IS

Ci=o+BY; + uy

Y =Ci +Z

C = el 3TN
Y = Ui 3
Z = 309 =9
u;, = T JUHTST (L) =T
Explain the 2-stage least squares (2SLS) method of estimation for the
following simultaneous equation systems :
Ci=a+BY; +u
Y. =C;+7Z;
where
C = Aggregate consumption expenditure
Y = National income

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

fom forenferar st Suftefd 1 gar o &t faftmt o ==t v | @ vmeme & e
TMeehes-Hie (Goldfeld-Quandt) THeTT hY SAREAT 37 HI=IATSTT 3 GTY T S
30 T & IANT F fI0 Sfrawa 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 Rae afaey

Y=XB+u
ST&l u ~ N(0, 621,)
¥ fu, B &1 s wwifyar seei®d (MLE) B §1@ i | 3m) 99 e
e = (Y - XB) i 3oqe X F1 7 (i) n x k Fan X #¥h k < n ¥ | AR
e'e = u'Mu, & M = (I - XXX IX) 3 @ Rg AR fF 2, (n - k) wrm=
TS 3 AT FHTE-AT Fe FHT FTE HaT 2 | °

9



(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 - Xé), and X is a matrix of order n x k with rank of X, k < n.

4

If ee = u'Mu, where M = (I — X(X'X)"1X’), show that % follows
o

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

-] ST ¥ e ST % W G 1§ 2 ST JAfhel § FHT=IaET
g wsieft forw wehTe <t fea At § 2 3 v o FfeAt R e wErEfS foRa S
297

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 T GHhT ! AT GHeht 8§ aRafda T =1 Fia-19 71 a1 @ 2
= 62 Tt 3 e 3l T A feEm T e

WersFE: | 10| 9 | 8 | 7| 6 | 5 | 4 | 3

f: 1 4 6 10 8 13 18 2

AT 50 TUT T fa=elT 10 % 919 99 G4 J1d iU |

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 1 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 T ¥ TOOREEE qUT UREEERY @ H uRWiiNg HIfNT | g 9w gt
Tefa® gt & nfaeiier Sied g Ie—T 3 FEel & T o m % oz
SEd T GEgFIY AN T I |

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



(b)

(c)

Q7. (a)
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Gl % SYANT S EATAT 3h1 AT HIfT |
freferfiaa stfergt & fore tetard, arer 37 fher gerehiss i T i

U G 1 A A9 11
a¥
Py % Py qs
A 10 2 15 1
B 15 3 10 3
C 20 4 15 4

7 ¥t wteor HifSr foh TRt I R Faehieh (i) THT IoHATT THE, 3T (ii) FHH
ICHHHUT TLET i HE HLd & A1 T |

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 !

examine whether Paasche’s and Fisher Index Numbers satisfy

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

(1)

(i)

(i)

(i)
(i1)

(1)
(i)

FTAT T IR HIfSTe qour wworar & fafi= amay i ==t s |

oo SEE =it angmsy | fag i fe Rl oft o 0 st ong ¢ ®
SEEAT T 98 I, S C(x, t) TR SR S, SR SHEET ¥ fa
Wﬁwﬁa@m% I 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

Sitere TRl st IRt HIFTT ST 39k ST T Seal HIfST |

75 99 sht AT H AL ATet Akl ht TEAT 476 & 37 75 5 76 I hf A |
qufa"ta-—raﬁu?arsnm 3-92 37 366 99 © | 75@763&6&34111&
@ﬁﬁaaﬁvﬁﬁmm?ﬁﬁm

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 392 and
3-66 years, respectively. Find the number of persons living at ages
75 and 76 years. 10

21



(b)
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1)

(i1)

(i)

(ii)

e fow e sriemet & smg-fafite yoEE 2, Tt SR @, S Hehd TS A
O SIS :

T I I o ATt it st

nfeamsfi# A At | EEAT (000) e
15-19 160 260
20 — 24 164 2244
25 — 29 158 1894
30 - 34 15-2 1320
35 -39 14-8 916
40 — 44 150 280
45 — 49 145 145

wT i 6 wfee st o 46-2 SR |
“OS G o1 TRTRI ShITSTT 37T quesT % 378 SHaea afe o gaihi &
w9 H HEl dh <1 ST ghdT & |

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 2244

25-29 15-8 1894

30 — 34 152 1320

35 -39 14-8 916

40 - 44 15-0 280

45 — 49 14-5 145
Assume that the proportion of female births is 46-2 percent. 10
Define “Reproduction Rates”, and explain how far they may be
looked upon as indices of population growth. 5

12



(€ WHTWgFHI®T Y =X B +u, Ew =03a Euu) = 621, ¥ 917,
nxl nxk gx1 nx1

Sl X fifEa @enstt #1 e & e i k (k < n) B, # B & A

nxk

=T 3 ST B e B T TERT SATE 1 T | 7 o firg iR 5 B, B
h1 Ha T g FARMT 3Thas (BLUE) # |

For the general linear model Y =X B +u with E(u)=0 and
nxl nxk kgyx1 nx1

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

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

(BLUE) of B. 20

Q8. (a) TAfcRaa WATH® Tl dieer W o= AT | o ST Vs stasta =w
(endogenous variables) I X’s ‘Ef—ﬁﬂfﬁ'ﬂﬂ (pre-determined variables) & :
Yy =00 + 02Yg + 013Y3 + B11Xy +ug
Yy = agp + 023Y3 + P21 X1 + BooXg + ug
Y3 = 0g0 + 031Y7 + B31X1 + P30Xg + ug
Yy = oyp + 041Y7 + 0g9Y2 + By3X3 + uy
ST ug, ug, ug I uy THAST (RHkeh) 1 & | stfufaior F Ffe i %9
gfder (I 3T AT it feurfar) 1 3w ek geterwl 1 geame v |

Consider the following structural equation model assuming Y’s as

endogenous and X’s as pre-determined variables :
Yy =00 + 02Yg + 013Y3 + B11Xq + 1y
Yo = 09 + 0g3Y3 + Bo1Xy + PooXg + uy
Y3 = agp + 031 Y7 + B31X; + B3eXo + ug
Y4 =040 + 0g1Y7 + 0g2Y0 + By3Xz + uy
where uj, ug, ug and uy are stochastic terms. Use rank and order

conditions to identify the equations. 20

KVMS-B-STS 13



(b)
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fEm M 1y, = 871 3
b o 91 92 93 94 95 96 97 98 99 100 101
dy: 296 209 144 93 58 34 18 10 5 3 1

et 1, 3 d, 1 I g ol B, S Sfa wmoft § S 8, $6eRt STRieRdT 14 it
IR

() 93 I hY 3T T Tk AR 1 a9 H HCSI |

(i) 92 ¥ ot TR 1 ATHT 96 T Y Y Toh e & |

(i) 92,93 3T 94 T i 1Y % fF =ATH 4 T T Sferd & |

(iv) 93, 94 37 95 ¥ I 31y & FF TR & & e A Aok 4 79 w1E Sfferq
@ |

(v) o safe foehr o1 93, 94 3R 95 AW &, 4 a9 H HUSTAN |

Given lg; =871 and :

x: 91 92 93 94 95 96 97 98 99 100 101
dy: 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



(c)
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(1)

(ii)

(1)
(i1)

AT TEIIAT § THTHIAL OETun & TN shi SATEdT IR |
3 =TT g fu e st i wifeEt () S ey e yer gafE
HUT, I8 T T |

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



