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QUESTION PAPER SPECIFIC INSTRUCTIONS

Please recad each of the following instructions carefully
before attempting questions

There are FOURTEEN questions divided under SEVEN Sections:

Candidate has to ehoose any TWO Segtions and attempt the questions therein. All the
Sections carry equal marks.

The number of marks carried by a question/part is indicated against it,
Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if necessary, and indicate the same clearly.

Attempts of questions shall be counted in sequential order, Unless sumck off, attempt of
a question shall be epunted evenif attempted partly:

Any page or portion of the page left blank in the QCA Booklet must be clearly struck off.
Normal Distribution and Chi-square Distribution Tables are given at the end.

Answers must be written in ENGLISH only.
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SECTION—A
{ Operations Research and Reliability )

1. fa} A newspaper boy has the following probabilities of selling a magazine :

No. of copies sold . 10 11 12 13 14
FProbabilities : D10 015 0-20 0-25 030
Cost of a copy is 30 paise and sale price is 50 paise. He cannot return unsold
copies. How many copies should he erder? Solve by EOL criterion. 10
(b} Find an optimum solution to the following transportation problem : 10
Store
/
1 5 ] G Supply
A 4 ) B 13 50
B 13 11 1D 8 7O
Factory
C 14 4 10 13 30
D a9 11 13 8 50
Demand ). 25 35 105 20

(¢) A supermarket has two salesgirls at the sales counters. If the service time for
each customer is exponential with a mean of 4 minutes, and if the people
arrive in a Peisson fashion at the rate of 10 an hour, thén calculate fi) the
probability that'a customer has to wait for being served and fit) the expected
percentage of idle time for each salesgirl. (ifi) I a customer has to wait, what is
the expected length of hig waiting time? 10

(d) Let h be the reliability function of a coherent system. Then prove that

() hipep’) 2 hipjeh{p) and (i) hip- p) s h{plhip’) for all 0 p<1, O p' $1. -

fe) Obtain the reliability function and the hazard funection for the Weibull
distribution. 10
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2. Answer any fwo of the following :

fa)

(b)

fc)

fd)

An electronic device consists of four components, each of which must function
for the system Lo lunction, The system reliability can be improved by installing
parallel units in one or more of the components. The reliability (R) of a
component with one, two or three parallel units and the corresponding cost (O
are as given below. The maximum amount available [or this deviee is 100,
The problem is to determine the number of parallel units in each component.
Use dynamic programming to solve the problem -

e

Components
1 2 3 4
R C R o R L R C
o7 10 05 20 o7 10 06 20
08 20 07 40 Q9 30 0-7 30
Q.9 30 08 S0 095 40 09 40

No. af
units

The following network diagram represents activities associated with a project :
Aetivity : 1-2 1581 4N 38 2-6 3-60 47 -7 6-7
Optimistic time.  : 5 & 26" 10 15 6 T 7 3
Pesstmistictime. : 10 22 40 20 25 12 12 o 5
Most likely fime  : 8 20 33 13 20 9 10 8 4

Determine the (i} critical path, (i} total and free floats and (i#) duration of the
project that will have 95 percent chanceof being completed.

25 items were placed on tést and the tést 'was terminated after a pre-assigned
time iy =20 hours [rom the starting time 10 itenis failed before time 1, at
38, 59, 63,68, 75, 77, 105,132,135 and 14:0 hours. If the underlying
distribution is Weibull with shape parameter equal 0 2, then compute m.l.e. of
the scale parameter and estimated standard error of it

fil Develop an cxact test statistic for testing the shape parameter of the
gamma distribution p when the scale parameter o is known, based on
moment estimator of the shape parameter and against right-sided
alternative.

{fiil For a prototype test vehicle, electrical failures for the engine operation
occurred at the following kilometers : 28820, 36707, 46128 and 68345,
The total test schedule was 72000 ldlometers. Estimate the reliability
[unetion assuming exponential electrical failures. Also estimate the

25

25

25

kilometers at which 10% of the vehicles will have failed. 13412
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SECTION—B
{ Demography and Vital Statistics )

fa) Discuss on hospital records and ad hoc surveys in relation to vital statistics
information. 10

fb) Discuss internal migrations, rural-urban migrations and international
migrations, 10

e/ Define crude and specific death rates. Explain clearly the purpose of
standardizing death rates. 10

{dl Given that the complete expectations of life at ages 25 and 26 for a specific
group are 22-08 and 2193 years, respectively; The number of people living at
age 25 is 45324, Find the number that attaing age 26, 10

fe) Describe intercensal and postcensal estimates of population growth assuming
linear growth and exponential growth in mathematical method, 10

Answer any fuo of the following :
fa) Write a critical note on the salient feattires of Indian Censuses 1991 and 2001, 25

(b} Explain Pearl and Reed method of fitting logistic curve for- population

projection. 25
e} Find the missing values (— ) in the following table & 25
x J:1: d.x Py Lz Tx EE ms

30 W 76ER2N SINEo67I S —
31 58580

fd) What is meant by fertility® How is il measured? Describe the various fertility
rates commonly used. Discuss their relative merits. 25
SECTION—C
| Survival Analysis and Clinical Trials )

fa) A random variable T(z0) has hazard rate at time t which is given by
hif) =it t20

Derive the distribution function F{f] and survival function S[t). Calculate S|t at

t=5ifao=2 A=1 10
fi}  Define gamma distribution as a failure time model. Discuss the monotonicity
property of its hazard rate. 10
4
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(e}
(e}

el

Explain the log-rank test in a two-sample problem. 10

Which quality control processes are to be used by the data analysis centre to
assess the data quality and to handle problems that are observed relating to
data and data analysis? 10

Describe the general principles to be observed in preparation of Case-Report
Form and the orgamization of the form. 10

6. Answer any fwo of the following :

fa)

(b)

(e
(d)

7. (a)

(b

The survival times (in months) of 12 patients who have undergone a treatment
are given below :

10 25 40 ™o~ 13148 a7 Rt 2 30 35°

where + denotes right gensored observations,

Assuming that the survival times follow exponential distribution with mean
1 /A, obtain the maximum likelihood estimate for the mean.

Obtain the maximum likelihaod estimate for ﬁﬂ
Compute Sff} at = 10 months. 15+5+5

The following data represents the survival times of extremely ill AIDS patients
observed in days :

2 T2 517 60 33" 27 14 24 4 21°
Campute Kaplan-Meier estimate of the survival Tunction S{f].
Sketch the graph of St} against 1.
Compute S(10) and Si25), and compare. 15+5+5
Explain briefly the key catégories of clinical trials data thatare to be collected. 25
Explain Phase |.and Phase Thelinical trials. What are MTD and DLT related to
Phase 1 trials? Bxplain the traditional design approagh used in Phase I trials. 25
SECTION—D
| Quality Control )
Explain the basic differences among the chance and special causes of variation

that affect process results. 10

State your agreement or disagreement to the statement given below, with brief
justification : 10
“A statistically controlled process will always produce 100% results within

tolerance limits.”
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() Derive the control limits for the control chart for defects in a constant and
varying number of sample units. 10

fd} Explain the chart which describes the sensitivity of the sampling plan to detect
the lot quality level for acceptance. 10

fe) What is Cusum chart? Explain the methodology of using it for process control. 10

8. Answer any fwo of the following :

fa) Evaluate the ARL to detect a shiftin the process average (no change in process
variatinn) hy one unit of @tandard deviation in the Higher side. Assume use of
X-chart with subgroup size'S and probability of fet detecting the shift is at
most 0-05. L

fb) Explain the expenentially weighted moving average chart with at least one
example of its potential application. 25

fe) Describé the variable sampling scheme ‘and eompare it with the attribute
sampling scheme. 25

fd} An improvement in the process has resulted in increase of € from 06 to
0-95. Estimate the reduction in % of nonconforming produets. Assume the
following : Procéss average has mot changed, Cp =€, and ‘process is in
statistical control. 25

SECcTION—E
( Multivariate Analysis )

9. (a) In theISS examination ofa certain year, the distribution of scores in Statistics
Papers I, II, 11l and 1V is found tefollow a #-variate normal distribution with
known parameters. Indicate how wvou would estimate the percentage of
candidates in that examination faring better (i) in Papers I and 11 compared to
Papers Il and IV, both in the aggregate, and (i) in Paper I compared to
Paper IV. 545

(B} In multivariate analysis, often the issue of handling too many variables POses a
big problem. How would you propose to solve the problem? Indicate the
procedure, 10
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(¢} Assuming the form of the conditional distribution of a subset (X, Xg, -, X ) of
random variables (X, X, -+, X ), g < p, following multivariate normal law for
fixed values of (X, -+, X ), derive the expression for the conditional mean of

x] WH'E" Xz =x9:,---,}fp=xp. ln
{d) Define Fisher's linear discriminant function. Give a classifier rule for
classifying an individual based on his or her measurements on p identified
variables, into one of two mutually exclusive and exhaustive claszes, clearly
stating the underlying assumptions and explaining the notation you have
used. 10
fe} Show that in random sampling from a p-variate normal distribution, the
sample variances and covariances follow Wishart distribution. Identify the
PHErAIneLers., g
Answer any fuweo of the following :
fa) (i) Show .that if Xpxy follows Ny, Zp.p) then @ ={X-p)'X '[}_'I—E}
follows central chi-square distribution with p degrées of fréedom.
il Suppose Xpy; follows Nl By p) with E(X,)=p Wi, UX,)=0? vi
and Covw (X, X ;) =pc? ¥ i # j. Show that
gixz -;i]z 2
T2 = _l_ i=l 4 “X “”
a2 1-p 1+(p=Tp
follows  chissquare distribution with p degrees of ireedom, where
- " f
x='}:1}£{;fp. 10+15
1=
{b) (i) Define multiple correlation coefficient'® o3 . 5 of 2 on X, Xj, -, X,
taken together, based on the observed set of data Xy, i = 1{l)p, j =1{ljn, and
write down its expression.
fiy Derive the simplified form™ of r,,., for the special case
ni=r viz j=1p. 10+15
fc) Derive the maximum likelihood estimators for the parameters of a multivariate
narmal distribution. 25
{d} Discuss the procedure for testing the null hypothesis
Ho :u =p®
regarding the mean vectors of two multivariate normal distributions having
iderticral diznerzion matreis a5
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SECTION—F
| Design and Analysis of Experiments )

11. (a) Discuss the usefulness of the principle of randomization in the context of

design of experiments. Use the following set of random numbers to obtain the
layout of a randomized block design with 5 blocks of size 4 each for testing the
treatments 4, B, C and D - 10

518 275 950 305 490 333 068 088 389 933 548 275
950 305 490 334 069 736 545 774 864 062 951 005

fb) A 27 experiment ha® been-daild out in, 4 replivates, in each replicate
confounding one®f the 8-factor interactions. Give the gompositions of the 4
key blocks, and write dewn the ANOVA table. 10

fe  What 1s a/Latin Square Design? What are the main disadvantages of using
such a design in field experiments? Indicate the progcdure for pbtaining the
layout of a 8#5 Latin_Square Design. 10

(d] A32 expeciment with factors A and B each at levels 0, 1 and 2 15 to be designed
in 2r replicates of 3 incomplete blocks each, such that in r replicates AB is
confounded, while in the remaining r, AB” iz confounded, the other factorial
effects remaining unconfounded in the entire design,
Give the layout of the 3 incomplete blocks of each of the two types of replicates,
and writé.down the ANOVA table. 10

fe} The factor A has p levels which require relatively large experimental units,
Another factor B has g levels requiring relatively small experimental units.
Suggest a saitable design for accommodating beth the factors in a single
experiment, Diseuss the procedure for testing the main effects A and B, as also
the interaction ‘efiect AB, 10

12. Answer any fwo of the following :

fa) 1t is desired to use a randomized block design with 4 blocks of size 6 each for
testing the effects of 5 treatments 4, B, C, 2 and E. In each block, treatments
B, C, D and E are replicated once each, while treatment A is replicated twice to
ensure more precise estimation and testing for A.

Using a suitable model, give the expressions for different aums of squares, and
write down the ANOVA table.

Discuss the procedures for testing equality of all treatment effects, as also for
equality of effects of A and B, if the hypothesis of equality of all treatment
effects is rejected. 13+12
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(b) A3* factorial experniment with factorg A, B and C each at levels 0, 1 and 2 is to
be laid cut in 9@ incomplete blocks of size 3 each, totally sacrificing information
on the factorial effects ABC*, AC* and AB“C*.

Give the layout of the design.
If this basic pattern is replicated r times, discuss the procedure for analyzing

the experiment. 10+15

fc) Discuss, in detail, the procedure for analysiz of covariance in a completely
randomized design for testing the effects of t treatments with Mo Tp
replications respectively in the presence of just one concomitant variable.

(d) A2? experiment is proposed to be carriediout in 2 incomplete blocks of size 4
each per replicate, setaining fullinformation on allmain cffects, and sacrificing
equal amount of information on the remaining four factorial effects each,
Suggest a s¢heme of partial confounding ensuring the above, and give the
intrablock subgrenp in each replicate.

25

Discusg the method of analysis for the data. 10+15

SECTION—G
{ Computing with C and R )

fa} Write a C-program that will generate every nth integer, beginning with n start
(i.ey, 1 =n start, n start +n, n start + 2n, ete,), ending with i stop. Calculate the
sum of those integers that are evenly divisible by some positive integer k.

fb) Write a C-program to find whether a given matrix is a symimetric matrix and
print the comment,

fc) Write a C-program to calculate

2 3 4 oy
y:]—‘x-!'f—l—i_. +:f-_.‘.._'+[__1]ﬂ£_l
n

2 628

defining a recursivesfunction’ and print it

fd) Write an R-program te fit a linear relationship of ¥ on x, to get the summary of
the relationship and to predict y for a given value of x.

fe}] Write an R-program to calculate the median of a set of observations.

Answer any turo of the following :

fa) Write a C-program that will examine each character in a line of text and
determine how many of the characters are letters, how many are digits, how
many are white space characters, and how many are other kinds of characters
(e.g.. punctuation characters) and print them.

10

10

10

10
10

25
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fb) Write a C-program to create a linear linked list, delete an existing component
from the list defining suitable functions. a5

fc) Write a C-program to evaluate i = x" , where x and y are floating-point values
and n can be an integer or floating point and print it. 25

fd} Wrnte a C-program to fit a normal distribution to a given observed frequency
distribution and test for its goodness of fit and print the result. 25

W oW W

10
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NORMAL DISTRIBUTION TABLE

06 01 -02 03 04 05 06 07 ‘08 08
-0 5000 5040 -50B0 5120 5160 -5190 ‘52309 5279 5319 <5354
1 ‘5398  543B 5478 5517 5557 -5596 5636 5675 5714 5753
2 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
-3 6179 6217 6255 62931  -533] 6368 ‘6406 6443 ‘G480 6517
« 554 B850 1 -BAIR ‘BAEG BT 00 HTIAR BTT2 HB08 ‘BRA4 5879
-5 H915 -HO50 6985 7010 7054 ‘7088 7123 “T157 ‘7190 Ta24
6 7257 7291 7324 . “TIRT  -T3B9 7422 7454 7486  T51T ‘7540
-7 7580 1611 7642 7673 7704 7734 T764 7794 ‘7823 7852
B “TB81 7010 7939 7967 7995 ‘8023 8081 ‘8078  B106  -B133
8 ‘8159 -Blss 8212 8238 -B264 8289 8315 B340 -8365  -B380
1-0 ‘8413 B488 . -B461 ‘8485  'B508 8531 -8584 . B5TT  -B599  -B621
11 8643 +BB6S  ‘BEB6 -BTOR  B729 8749 -B7T0  ‘B790 8810  -BBID
1-2 ‘8849 _ -AB69  -BA88 8907 8925 < BO44  -BOG2  8OBO  BOYT  9DIS
1-3 9032 - 9049 9066 5082 2 H099 9115 9131 ‘G147 9162 9177
1-4 9192 9207 9222 9236 9251 ‘9265 9279 9293 0306 Q319
1-5 9333 ‘9345 ‘0357 9370 ‘382 ‘9394 9406 ‘0418 Q420 G441
16 9452 ‘9463 8474 G484 D495 @505 9515 9525 9535 0545
1-7 ‘G554 G564 49573 9582 G591 ‘95099 2608 G616 ‘9625 ‘9633
1-8 9641 9649 G656 G664 OATL  O6TR  -0B6BA 0593 GR9G  9T706
1-9 ‘9713 719 ‘0726 ‘9732 G738 ST44 750 9756 G761 g7TaT
20 G7va S7TH ‘0783 “STBR G793 ‘9708 -GRO3 -QH08 9R12 QE17
2-1 SaR1 G825 G830 0834 “GR38 “ga42 8836 0850 GE54 QRS
22 ‘GRL1 9864 Q868 0871 G875 ‘9878 0881 ‘9884 -ogay 9800
23 ‘G893 G896 ‘9898 8801 ‘9904 - 9906 G909 9911 9913 0916
2-4 Q%18 @920 9922 9925 9827 9920  -GO3] Q932 G034 9936
25 9928 ‘9940  994) ‘9943 9545 9946 ‘5948 ‘9949  955], -9G52
26 ‘9953 ‘9955 0956 9957 9950 Q0G0 ‘0o61 ‘G962 9963 9964
27 Q965 GOBE 9967  GU68 9GO 0970 ‘9a71 Q972 9973 9974
2:8 G574 9975 GaTE " 1" QaT7 -Q97R ‘G979 Q979 G980 Q981
29 QGR1 Q087 QOR2 “ORR3 Q084  QOB4  0OB8S GOBS D086 ReTe]-13
30 GOBT ‘9987 9987 9984  9OBE  -9989 =TT T T 1T 9990 9980
31 Q000 Q00 ] gaal Qaa] e Eele ] “Gee2 ‘5o ‘9990 0003 ‘9a93
32 <9003 Q903 G004 G004 GG Rel=lem] Qua4 “Qogs “Qga5 QOg5
e | 9905 Qgos "G95 GO96 ‘Qo06 “OO08 DO0E el lets QTG Gooy7
a4 OG0T QOG0T G897 9097 Goo7 “ggaT -Gooy GOgT ‘9997 ‘G998
11
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+2-DISTRIBUTION : VALUES OF %2,

& 0995 099 0975 0-85 005 0-025 o001 0005

A
1 0-000 0000 001 0-004 3-841 5024 6635 7879
. 0-010 o020 051 0103 50491 T-378H g-210 10597
3 0-072 0115 0216 352 7815 Q-J4H 11:345 12-83R8
q 0207 0-297 0484 o711 9-488 11-143 13277 14-860
5 0412 0-554 0-831 1-145 11-070 12:832 15086 16750
) 0676 0872 1237 1635 12-592 14-440 16:812 18:548
7 0'9ES 1-239 1620 2167 14-067 16013 18475 20278
8 1344 1646 2180 2733 15-507 17:535 20090 21955
Q 1735 2088 2700 2325 16916 19023 21666 23-589
10 2:156 2.558 3:24% 3940 1B307 20-483, 23200 25188
11 2603 3053 3816 4575 19675 21-920 24-725 26757
12 3074 2571 4904 5226 21026 23337 26217 28-300
13 3-565 4107 5009 5802 22:362 24736 27688 20-819
14 4-075 4-KGO 5-629 571 2A6ES 260119 29-141 31-319
15 4-601 5229 6262 7261 24-996 27488 30578 32:801
16 5-142 5812 6-908 THH2 26 296 2H-B45 32-000 34267
17 5697 6408 7-564 B672 27587 20-191 13409 35718
18 6265 7-015 8231 9-300 28869 316526 314-805 a7-156
19 frBdd 7-633 R-907 10:117 30144 32-B52 36:191 38582
20 7-434 8-260 9-5G1 10851 31410 34170 A7-566 39997
21 8034 8897 10283 1159 32671 35479 38932 41-401
22 643 G542 10982 12-338 33924 36:TR1 40289 42-796
23 9260 10:186 11-688° 13-091 35172 38-076 41-638 44-181
24 9-A86 10-B56 12-401 13-848 36415 39264 42-980 45558
25 10:520 11:524 1320 14611 37652 40-646 44-314 46928
26 11-160 12-198 13-844 15379 38885 41923 45642 48250
£ 11-805 12879 14-573 16:151 40113 43.194 456963 40645
28 12-461 13565 15308 16-928 41437 44.451 48278 50993
29 13121 14-256 16047 17708 42557 45722 49588 52336
a0 13787 14053 16791 18993 43773 46970 50842 53672
40 20-706 22-164 24433 26-509 55759 50-342 63691 66:THA
50 27991 29-707 a2-357 34764 67505 71420 76'154 794590
[+ 10 ] S35-535 374853 4282 43-188 TE-82 Ba-298 BE-2749 %1952
70 43275 45442 48758 51-739 90531 95023 100425 104215
B0 51-172 53-540 57-153 60-391 101-879 106629 112:329  116:321
aq 59-196 B1-754 f5-647 (O-1246 113-145 118136 124-116 128200
100 67328 T0-065 74-222 77920 124342 129561 135807  140-169

For larger values of v, the variable /232 - J2v —1 may be used as a standard normal variable.

12
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